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Abstract

The essential points in developing any method to represent legal knowledge are that:--
(1) the method is easy for lawyers to understand and use, (2) it lias the sufficient ability
to express legal knowledge in detail, and (3) it is applicable to formalizing légal reasoning. ™
For (1) T have suggested the legal knowledge representation by logic fldwchart: For (2)and
(3) I have offered the Compound Predicate Formulas (CPF) and developed it. "In this paper ™"
I will explain these two methods, illustrating some examples, and also give the rigorous™ T

]
3

foundation of CPF based on logic i.e. the establishment of its syntax and semantics. 1~

e et

1 Introduction

In order to make up the legal knowledge base, one should abstract legal gzknp‘\yledge from
literal sources such as legal articles, judicial precedents or textboqk of ile_).ws‘,__._o-r'}?c‘)‘ip tacit
knowledge of lawyers that is not expressed explicitly in the form of letters, and -store that
knowledge into data base on computers. Knowledge is, however, different from simple data
in that knowledge is structured and formalized systematically so that computers can infer by
making use of it. Therefore, how to formalize legal kndwledge, in other words, how to represent
legal knowledge, namely the way for legal knowledge representation, is the crucial problem for
establishing legal knowledge base. ’ o AR T
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The essential points in developing any method to represent legal knowledge are that: (1) =~

the method is easy for I;Wygrs to understand and use, (2) it has the sufficient ability to express

Pl

legal knowledge in detail, and (3) it is applicable to formalizing legal knowledge reasoning. Fot

i
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(1) T have suggested the legal knowledge representation by logic flowchart. Tor (2) and (3) I:bins"
have offered the Compound Predicate Formulas (CPI) and developed it. Tn this paper' I'will iz

explain these two methods, illustrating some examples, and also give the tigorous foundation™ " "

of CPF based on logic i.e. the establishment of its syntak and semantics.
This paper is organized as follows, Chapter 2 att_empts to illustrate the method of legal
knowledge representation by logic flowchart. Chapter 3 deals with the reasons of the introduc-
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tion of Compound Predicate Formulas (CPF), practical applications of CPF to legal reasoning,

and its syntax and semantics.! Chapter 4 is the summary. : ERRTNASH

*Meiji Gakuin University:1-2-37, shiro-kane-dai, minato-ku; Tokyo, Japanie-mail:hyocshino@tansei;u-
tokyo.ac.jp. . S o o o T T
! As the axiomatic system we adopt the prevailing standard one. Tlerefore we will not present it in this paper.
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2 Representation of Legal Knowledge by Logic Flowchart

2.1 What is the Logical Flowchart of Legal Norm Sentences

Legal norm sentences have the structure of ”Iegai requ:rement lega.l eﬂ'ect " It ' meansith

at’

,»Z]

when the legalvrequlre'ment iz met, the legal effect comes;to occur., The legal requirement is
composed of logical combinations of some legal requirement factors (legal facts). We can express
this structure by a sort of flowchart, to put it more precmely, by a logical flowchart. Figure 0
shows the fundamental structure of legal norm sentence by loglca! flowchart.

Pre {tion of the relevant
1 narm ssotence

PR TN

 Coded
Lagn] Tequiresant factor:-1.

Code/Name of flowchart

IR EY
Legal requirement factor U . .

Code €
Lagu] requirement factor O

Code D :
_ Legal requirsmant factor IV

( Gode )
Lexsl oﬂ'oe? _

Figurs 0, Fundamental Structurs of Logic Flowchart of Legal Norm Séntence ™ '+
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In Figure 0 above, rectangular boxes stand for lega.l reqmrement fa.ctors {legal facfs) h

decide whether the requirement concerned is satisfied or not. }Nhen the dectslon of each egal
requirement factor is affirmative, to put it another way, the proposxtlon concerned 15; proved, we
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the presupposition of a given flowchart; the header of the ﬁowcha.rt the code nameh:ztild its tltle i s
Rectangles added vertical lines.on both sides show that they have thelr chlld ﬁowcha.rt(s) ta
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proceed to the next lower rectangle (i.e. the next lower legal requlrement) which is contlnued

by a vertical line, in principle. When the decxslon is negative, we proceed to the nexi;; box whlch

.(11

TE )

is continued by a horizontal line, in principle. This flow of decmon from top ! to bottoin 1 is ta]\en

to be not only a loglcal structure but the order of decla:on, and in ma.ny cases the order of tnme o

2.2 Principles of Logic Flowchart of Lega'luNo,rm Senter’lcee,.“,'_ i .
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Here we will explain the principles that build up logical flowcharts of legal‘norriiiseﬁ't"é'h”é'e'é“i
in terms of the logical structures of legal norm sentences. The loglca.l norm structure of a unit~
legal sentence consists in a combination of the legal reqmrement and lega.l effect. The relatlon
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obtains that when the former has béen met, the latter comes to oéc.iiirm The cdinbihéﬁion of both
is a logical one. In other words, the logical norm sentence has the logical structure' that the
requirement is the antecedent and the logical effect is the conqequent these can, therefore, be
combined with logical operators, i.e., implication ("if*: ”—3"), contra-im pllcataon (”onlv if":

+—"), equivalence (”if and only if*: "«—™), Denotmg the legal requirement by V and the
legal effect by F, the log:cal structure of legal norm sentences can be expressed as three types
of logical propositions. !

(1} V— F: (if V; then F)
(2) V+— F: (only if V, then F)
(8) Ve—r P (if and only if V, then F} : : L g

In type (1), V is a sufficient condition for F; in type (2),Visa necessary condltmn for F in

ERTT

type (3), V is a necessary and sufficient condition for F. Replacmg v wnth F m type (2) (2)’7'D ‘f
' . R ,i A

is reduced to type ( 1) Type (2) i is log:caily equivalent to the followmg

' s rorLx
[ e oot
LR RN ' TR

(4) NV——-)-NF - P L -".;;f.”j o B "_a:.;:_,;,

Type (1), (2) and (3) can be respep_tivéi} expressed _by'lqgié. ﬂ’OWcha.rts(Flgurel) l

CON @ @ {3

yes yes .

O @ @ GO®

Flgure 1. Fundunenul logical structure of a unit iegal norm sentencs

The legal requirement can be analyzed into its legal requirement factors. The legal
requirement factors, which are logically combined with each other, constitute one (unit) legal
requirement that is combined with one legal effect,. They are loglcallv combined by the logi cal
operators: conjunction ("and”: " - ") and disjunction ("or”; ”V”) When the factors are of )
the legal requirement V1, V2, V3, the logical structure of the lega.l reqmrement results in threeli;" ‘
types (7), (8), and (9). The logical formulas correspond to the following logic’ floweharts in’
Figure 2,
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(15) (V1 v R2=F) o ( ~(VI v ¥2) =~F))  (8) (Y2 B} 0

1 L L ’
w Vi N B | — . A
. 20 8- N S PV R FT R S AT
yes v . V2 - '“rsn : nu s frntoogi iy b e
. 3 m.' : B N SRS EERRTILS -
T yes ————-—-—]m . oL

Figure 4, From the fundamental formula of legal norm sentence to a complete formula ..
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The law has a hierarchical systematic structure, in which more abstract coiicepts involve

legal concepts with concrete contents and more abstract concepts are concretlzed by, more . .
concrete concepts. This is also the case with the combma.tlon of lega] norm sentences and t'ne .y
latter is much concretized by the former The prmcnple for mtegratmg legal norm sentences , iw?.

which have a different degree of abstraction (or concretion, as is the same meamng) liés in the
definition of a rule. Namely, two norm sentences are combined with each other by the logical -
operator for equlvalence +«—", When a more a,bstract legal requirement factor Vl cons:sts of

v has (Y
more concrete legal factors V1.1 and V1.2 and V1.1 is further concretized by Vi. 1 tand Vl 1 2,
then the logical formulas and logic flowchart will be expressed as in Figure 5.

(

UV e v2emmeFl (IV] o (V1 o V1L2D) (9MYL 1 == (VL LT <YL 1200,
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7] | ¥1.2 .1.2 : )

- "o . o . il P i
: yes

Figure 5. The logical structure of hierarchical connectlo_n of legal norm sentences
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In Figure 5 above, the relation between (17) a.nd ( 18) as well as (19) nay well be called
a main-sub, or parent-child relation. That is, (17} i is parent of (18), and (18) is Chlld of (17)
The same thing can be said for (18) and (19). Namely, (18) is parent of ). L
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2.3 Examples of Logic Flowcharts of Legal Norm Sentences =

I will show two examples of logic flowcharts of legal norm sentences in' Figure-2A.and .. ...,
2AA. Both are taken from United Nations Convention on Contracts for, the. Ixitéf;'natlonal Sale
of Goods(CISG). In Figure 2A we cari see the legal effect of "formation of contract” and the”
legal requirement which has the effect occur. This figure corresponds to Art 23 of CISG. In
this figure, the thick rectangle indicates that the concepts which are expressed m rectangles or
ellipses are described in some place of the articles concerned, and the thm*“rt-ictangle indicates: ~mumer v e
that the concepts are not contained in any place, ‘of the articles in question. Figure 2AA 15"

L T IR

the child flowchart to decide whether the first legal requirement factor 2AA ”An offer of A has’
become effective at T1” is satisfied or not. Figure2A A is based on Article 15 i in the said law. . ..

{2 A Contract is concludad] §2 3

—

2AA - ‘ R BT R PR KA EEAEE T (U W
Offer with the content A
has become effective at Tl ‘ e AR

become effaective at T

2AB !
An scceptance of the offer has

2A
Contract with A
is concluded at T

. ~2A(,' N
It is not that eonmcti'ith
-ois cocluded ' at T !

T
A

AR
IEERY 0

Article 23

A.contract iz concluded at the \moment when an acceptance of an offer bccomes L
effective in accordance with the provisions of this Convention. AR
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{2AA Bffect of offer has occurred] §15 T

.
) ZAAA L : A B T T
Thore is an offer vith the content A S ceo T RSE T 30E R
~ ZAAD " “ae i ‘1.1’ RESRISNTS «-f' ia
There is a counter—offer with A' . P ceonfanne donad

I i : o ALY

. ol ’! T N PR N J:%

2ZAAB

The offer has reached the ‘offerse at T o N Cot e 7 R Mg ol

- ~2AAC
not (The vithdrawal has become effective befors the time T1)

¥

' ZAA ~2AA
Offer with A has bacome affective at T not {Offer with A has become effactive at T)

o TR b e T Tl
)

#
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2.4 Advantages of Legal Knowledge Representatxon by Loglc Flowchart .
RREE FYCTNRE FATE XL PO A Lo ':

The method of legal knowledge representation by logic ﬂowchart haﬁ the followmg ‘ad=st
vantages. Firstly, lawyers can easily build up this flowchart by themselves and understand the
contention of it. Secondly, for lawyers to build up this flowchart niakes clear the order Batwest
lawyers’ judgments, which they make tacitly, and the time order among legal farts Thlrdly,

{ b

to build up this flowchart is effective for systematizing legal knowledge In doing” so, we.may, ... >

discover or confirm legal common knowledge that is presupposed among lawyers, and, “above all,
we may abstract knowledge as a frame for systematizing knowledge. However, this flowchart
has its limit in that the formulation is basically in the level of propomtlonal logic. To obtain-.,
more precise representation of legal knowledge dependent upon the i 1nner structure of sentences :
we need to formalize this knowledge in terms of predicate logic. 1 have developed the Cgﬂn}-h o

pound Predicate Formulas, which is a conservative extension of predlcate logic. Next chapter
is concerned with this.

3 Representation of Legal Knowledge by Compound. Predi-
cate Formulas (CPF)

3.1 Why CPF?

In this section I will explain the reason why I have introdiiced CPF, not others. To say
the reason in brief phrases, in order to represent legal knowledge adequately and plainly. To
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clarify this point, we will take a simple example from legal sentences and present the difﬁéulty e
of representing such a sentence by the standard first order logic. Consider this: . el (1Y B

Ex. John made an offer to Mary, and it wa’s"accepted 8 CT et i
reverele

It is difficult to express the whole sentence in the standard first order Iangu age, for the standard
first order language does not contain any device for representmg 'rhe referentlal e\ pressmn ” t’,’

ROz

We can symbolize, in the above sentence, ”John made an offer to Ma.ry as ”offer (J ohn Mary) ifg1e

but how can we symbolize "it was accepted”? We all agree that the referentlal pronoun ”n.” L.
that is part of the above sentence refers "an offer of John to Marv ” Unfortunateiy the ﬁrst “

KT

order language has the ability to refer only individual entities but not any state of affair such

as an offer made of John to Mary. As far as we are in the standard first order language, we

must content ourselves with symbolizing the above example h]\e using a predlcate p()n,Xg) .

of fer(John, Mary). Though, this symbolizing does not reflect the inner structure this setence

has. This fact implies that theé standard first order language is not rich enough to adequately.

represent legal sentences, and therefore to'describe legal reasoning. " ' . coar s adr el
In short, the standard first order language -lacks the means to refer to each legal act,v i

which involves "that contract” or "the trade at‘15:00 on Feb. drd, 1994.” Moreover the standard: '

language has no device to represent referential pronouns, say "that.” What we really need is

- some richer language that enables us to deal with these expressions.

3.2 Some Precedent Approach e Tt ¢
3.2.1 Lambda Abstraction e b I

P ' b
- . . . o AT

For instance, if the sentence "X contracts with ¥ is formalized as "contract,” then the
relation of contracting is , according to lambda notation, described: as: o e

AJYA},(CﬂntTaCt(‘Y }’)) _‘“ : LI . ' : : P :gg(”?

In general given a predicate, lambda operators form the e\(preqsnon that refer to the concept
the predicate denotes. However, by this lambda abqtractson it is very rIlfﬁrult to desngnate any o
particular contract e.g. "the contract made between John and Mary at that time.” Again'what

we would like to obtain is the method for referring each concrete instantiation of given legal
relations rather than one for any abstract concept.

3.2.2 Class Notation

i .

Then what if the class notation 7 In this notatxon relations corresponds to classes and
Popr hvmg, g b . L STl e

each instance, for example: ‘
A = {X : acceptance(X)}

O ={Z:3X3Y(of fer(X,Y)NZ =< X,Y >} cre
32(ZeOANZed) T

A and O show (the extension of )a concept of ”acceptance anc] a concept ”offer, respectlvely
Then the below (1) is obtained as the translatlon of a legal sentence ”)x made an oﬁ'er to Y and 7"
it was accepted”: e ' b
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(1) 3Z3X3Y (of fer(X,Y)AZ =< X,Y > Aacceptance(Z)) ..

As (1) shows, the class notation is adequate for denoting a cdncept itself while this method is*

clearly not satisfactory for denoting its particular instance. Indeed each instance is a.certain .

element of a given class, as already noted. Many of expreqsmns in natural languages, however,
involve ample pragmatical i.e. contextual information, and it is hard to speufy a purposed set,
considering much contextual information, and even though the spec:ﬁcat:on is acqunred the

formula is all too often complex for us to understand Also the class notatlon doeq not have
any type of apparatus to represent referential pronouns. In legal qentences and legal reasonmg, i

one does meet w1th referential expressions frequently

3.3 A New Device—ID-symbols

[FRS T T

In the previous section we have recognized that some approaclies to overcoming difficulties " ..
as to the standard first order language are inadequate to express each:individual legal act orto .ncs
describe the sentences with referentials in the form-which reflects the'inner structure of them....

Now we are in a stage to offer a new device for coping with these puzzles: ID-symbols: Though,

before introducing ID-symbols we will account for:the rough idea of them from which they stem: .-

Let us suppose that: e PR .
1. of fer(Z, X,Y ):Z is an offer of X toY.

2. acceptance(W, Z):W is the acceptance of Z. B . PSR

If we assume these formulas, then a sentence "An offer of X to Y was accepted.” would be -

formalized as follows:

(2) AZ(of fer(X,Y, Z) A acceptance(Z,W)) ' R At i

Compared (2) with (1), we find that (2) is more simple and plain, for in the assumptions
expressions within which they contain the way for referring to a certain specified mdlwdual
legal agt or relation had been posited. And this is how we contrive a devu:e called ID symbols

In general for any predicate p(Xy,...,Xn),
ID-p(X1,..., Xn) o ‘
is the predicate in question. For instance, for a predicate coutract(Mary,.]ohn),”

ID — contract(Mary, John)

expresses a contract between Mary and John. In other 'words:, it is the name of that Collfl:‘alf;t.: N

Using ID-symbols, the formula (2) is more concisely rewritten as
(3) acceptance(—,ID — of fer,—)

Here 1 would like to emphasize, as the characteristics of ID-symbols, this sort of nominalization,

i.e. an ID-symbol forms the name of a particular instance in a given concept. . (Recall that, .
notations by lambda operators or classes form the name of a concept itself.) As one more .
example, "the reject of that offer” is, by ID-symbols, formalized as e
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(4) ID“TCjECi(-—,ID-—-affer(—)’_) ‘ ' T o SRR

PIPRE .
B ) H o

Using ID-symbols, we can easily deal with such a relatively complex tage.

We may note, in passing, that, for ID-symbols to function as names, it is, necessary, that .
the obvious identity criterion for the referents of Id-symbols is given. It means that for part:cular
instances of a concept the condition of continuity through time must be defined. So as to define
that condition, we ought to define each legal concept strictly. But this problem is the matter-’
of law and not that of logic. L , o

et b e TN ATIEE

3.4 Outline of Syntax of CPF

1 H , -
STed e 'l" L

The following attempts to define the synta.x of CPF. Most portlons are the same as the
standard first order language, CPF is highly different from the language so far in that CPF
has new devices such as case symbols? and ID-symbols. We have to define an describe the
syntactical behaviors of 1D-symbols more fully than here. ‘But our concern here restricted only
to program clauses. So we will think only quantifier free part i.e. Horn clause:

B“-_-Al,---An

where B, A),..., A, are literals.
The syntax of CI’F is as follows:

1.Basic Vocabulary:

1.1.individual variables: X, X,,...T},TY,...
1.2.individual constants: a;,as,...

1.3.case symbols agt :,0bj :, goa :l, Hm:, ... S
1.4.predicate letters: p;,po,... , _ . Y
1.5.list symbols [,]

1.6.logical constants: -, +——,V : ‘ T

1.7.commas, parentheses: { ), : Sl | o

2.terms and formulas:

2.1. Variables, individual constants and ID-symbols a.re‘terms.

2.2. If t is an individual constant, an individual variable or an ID symbol then agt t, obj
t, tim:1, goa:t are terms. (¢y,c¢z,...stand for case symbols.) 2t Tt e gt

2.3. [t1,... . tu){t:i(1 < i< n))is a list.

2.4. p([ty,-.. 1)) is a formula.

?Case symbols are a notalion contrived to express the inner strncture of pre dlcale exp]:catly On the’ syntartu.

and semantic status of case symbols, we may leave Lo another occasion. =
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2.5. If A and B are formulas, then ~A,4 — B are formulas. : , N Gy
2.6. If A(X) is a formula, then VX A(X) is a formula. . - . T

2.7.The deﬂmtlon of ID- symbols For the predicate repreqentmg Iegal concept p [t;, 1‘“])1
ID - p{ft1,.. ,.]) is an II) symbols of its predlcate e SRR

2.8. For a predicate: p([tl, . ,t—u]), p(ID - p, [tt,. u]) isa formula as well ‘

2.9. An expression is a formula only if it can be shown to be a formula on thé basis of conditions -
2.4-2.6, 2.8.

Other logical constants are introduced by the definitions below:

_A/\Bé*ﬂ(-"Bi—A):f S P R A R S

[ B . i PO S se s et

AVBEB -4
IXAX & ~(VX~AX)

3.5 Legal Knowledge Representation in terms of CPF

Having defined syntax of CPF, we state legal knowledge representation using CPF.!Here'™"
we cite an article and show how it can be translated into a formula of the language of CPF.

CISG article 23: A contract is concluded when an acceptance of an offer becomes effective.” 7
1. contract(ID — co,[agt : [X,Y],0bj : C]): A contract ! was made between X afd Yy i
2. acceptance(ID — ac,[agt : X,0bj : ID — of,goa :Y]): X accepted ID —of to'Y
3. of fer(JD — of [agt : X,goa: Y,0bj : C']): An offer C was made to ¥ by X0 o e

4. be — concluded(1D — be,[obj : ID — co,tim : T)): ID — co was concluded at timeT. =
5. become — ef fective(I D — be,[0bf : ID — ae,tim : T]): ID ~ ac became effective at time T
Based on these, the above article is transl‘ated into the formula below, IR AR

be — concluded(ID — be,{obj : ID — co,tim : T}]) I
Acontract(ID — co,[agt : [X,Y], 007 : C])+—
become — ef fective(ID — be,[obf : ID — ae,tim : Th])
Aacceptance(JD — ac,[obj : ID — of))
Noffer(ID ~ of,{agt : X,goa :Y,0bj: C))

T Y TR

R N

Such a formula is called Flattized CPF formula(FCPT), and it is equivalent to the CPF formula
below:

™o

¥We will omit the arguments in ID-symbols unless leading to mlmllld(.l’btd.lidlllg Denvatlvely we will define "
ID-symubols abont predicate symbols as well,

T'he former is called the formula without ID-symbol, the latter the formula with ID-symbol as a matter of ¥
convenience. As casily seen, we nced a formula we need a formula to assure p(h, v ln) = p(ID p, by ain) 7
JAF we make an axiomatic systemn for a CPF. -

TSI E IR s
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P 1

be — concluded(ID — be,[obj : contract(ID — co,[agt : [X,Y],0b] : C)),tim : T}])e—
become — e f fective(1 D — be,[obj : acceptance(ID — ac,[agt : X,goa : Y, , i
obj :of fer(ID — of,{agt : X,goa:Y,0bj : C])])], tim : T\]) : Co e

This formula is an abbrevaat:on of the above FCPF formula, Legal sentences are descnbed and": e
stored into knowledge base in this form. To execute the predicational reasoning, these formuias o
are compiled (flattized} into FCPTI" above.® o

Next is the outline of proced ure of the flattization. Any CPF formula A m ﬂa.tttzed mto
an FCPF formula, i.e., for any CPI‘ formula A, ' : '

1. if A contains no formulas wiuch have the form of p(ID—p,[ey 1 E1,...,¢; : (I D—~q,[]),. .. en
ta]J(1 €£i < n)in A, the formula is not flattized. [T

2. if A contains any formulas described in 1, choose the left-most one in that formulas, replace o
c:¢(ID - ¢q,[]) with ¢: ID — g, and replace the original formula ‘with the below one, ’

Tt B

HID < plesse ID =gy A GID =) |

3. Repeat the procedure of 2 until it is not applicable.

e T T
~

3.6 Application of CPF to Legal Reasoning

P

In CPF ID-symbols play an important role. We have already seen sbllhle-adva.ﬁtagés of
ID-symbols. : In this section I will expand an advantage by the introduction of ID-symbols in ...}
legal reasoning. Since our CPF has its basis on the standard first order language, we can use:!:
inference rules of it. Besides that, ID-symbols increased the power of our ianguage 50 that we
could deal with some legal reasoning cases that havé been difficult to cope w1th so far I'or
example, let us consider an inference like this: : '

Premisel. A made a contract with B.

Premise2. If that contract is effective, then A can claim to paﬁhent to B.
Premise3. That contract is effective.

Conclusion. 4 can claim payment to B.

We will be in trouble with this inference if we have to formalize this within the standard first
order language. The trouble is derived from that the standard predicate logic has no device for
referring to any particular instance like " that contract”. On the other hand, CPT tells us that
the above inference is valid. The formalization by CPT is below:

Premisel’. contract(ID - co, A, B)
Premise2’. claim — payment(A, B) «+— is — ef fective(J D ~ ic, ID — co)

Pfemisea’. is —ef fective(ID — ie, I - o)

5This flattization is, substantially, the procedure of converting a many-sorted formula into a onc-sorted one.
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Conclusion’. claim — payment(A, B)

Vopne Sk Gt

Notice that we can deal with this inference not because we have extended the'inferentce filés
of the standard first order logic (in fact we have not extended them), but becaiise we have

introduced 1D-symbols, which enables us to refer to particular instancés of a gtven act That
is to say, in the case of quantifier-free part, CPI'L is an extenmon of the standard ﬁrst order_

language. e .

x‘.ljr;‘:

I would like to suggest more two points about the usage of ID symbols m an mference

HYRTEoaas

(1) even if a particular ID-symbol is used with its a.rgument not specxﬁed we may ident;fy_:

the ID-symbol safely, and (2) when a particular ID-symbol is used a.nd embedded in another
ID-symbol such as a case , ID — r(ty,...,ID — contract,...,1,), we might be in.trouble as to"

the identification of given plural ID-symbols. - IS R SR

3.7 Semantics of CPF

We can define semantics of CPF as usual. Only difference between usual first order
language and that of CPF is the introduction of ID-symbols in the latter.
The definition of a model of CPF is as follows,

i £

Definition 3.7.1 (Level of ID-symbols) Given an ID-symbol 1D — P(,,.. t,,) the num-

ber of ID-symbols in ID — P( i‘fl,...,tﬂ) is called a level of the ID-symboI,'im)dl_‘ we, erpress it .. .

as LEVEL(ID — P(t,...,1a)).

Definition 3.7.2 M =< D( DU Dy U (L}), > is a model of CPFL with- rcepcct to g(m SRR

QIUQZ) <:> ' o v ;?17,‘-,{

fH Ty

1. Dy and D, are a class of individuals and a cfass of time points mspectwcly We st:pu[até

that D, n Dy = 0. L& DiuD,. ‘ ‘ ) R
g1: INDVARS s Dy and go : TIMV AR+ Dy,

3. Ift is an individual constant, I(t) € D,.

4. Given an n-placc predicate p, I(p) C D™ where D™ is a Cartesian product of D with n _t!.'_f‘rl‘t?.?‘.“

5.interpretation of ID-symbols Given a predicate p(ty,...,1, ), the mterpmtatwn of zts ID-
symbol 1,(ID — p(ty,...,1y)) is defined by the mdurtmn on the level of the ID- symbo! 7
I(ID-p) isa function defined on D. 8 If LEVEL((ID — p(t1,.v., 1)) = n 2 2; arid

the interpretation of ID-symbols of the level less thnn n have been deﬁned then I (I D=

p(t1,...,1n)) 1s defined as follows: = : : A o

1oIf (I(ID - p) # O, pick up an a such that a e ID - p) sbk that [g(IDu
(tl’ stn )) = a. ) S T ETE

gt

BINDVAR, TIMV AR arce the set of the individual variables and the set of the time variables respectively... . - -

I, is a function suck that for a variable X, J,(X) = ¢(X) and for a term & of the other kind, T (t) = I(1).

In a special case, J(I D — p) is a function. As to the reason why we.have d(_ﬁned Jin a more general way, we_

will explain later. The meaning of an ID-symbol is substantuially identical to the meanmg o[ constant in lhe

case of quaniifier-free formulas. T
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2. Otherwise, 1,(ID - @)y (@) =14

Definition 8.7.3 (Satisfaction of the Formulas) We define the satisfaction of the formulas
of CPF by the induction on the complezity of them. Namely, for an J modcl M =< D I >and

i,

eny assignment g, , i S
1. M =y p(ts, ..o ta) =< L(t),. .., [{1a) >€ I(p)®

LY. M =g p(ID = pyty,..itn) =< Lo(ta), .o o dy(tn) >€ I(p)*©

2. M =g A &3 M &, A1 -

S ME;B— A= M¥E,Aor M, B

4. M g VX A(X) <= Vestg' =x g,(M k=g ACX))2.

We should explain the idea behind the model construction abové. Interpretation of ID--

symbols needs special explanation. If we understand an ID-symbol by analogy to .a function, i

SRHIEE BT

ID-r:< -Yl‘-“.a"(" >t Koy )
Namely, - ‘
ID—T(XI'I . X )_' nl
Therefore, we are tempted to define as follows: given an a:;slgﬂi'ﬂem?i'.:ﬁf;"H .

I(ID = (X1, Xu)) = L(ID = r)(< 9(X1), 5. 9(Xan) >)

wherg J,(ID — r) is a function,

I I(ID - ) is a function with non-empty range, its corresponding role of IUD -7y in

ordinary language'is that of a singular term. We have expressions of this kind. For exasple,
“that contract between a and b"is such an expreernmlﬁan any case, can we say that the:above!
mentioned contract is unique or many or none? tere are several contract between A and B,
and we can't determine the special one by the lack of information, then the decision remains’
obscure.- Suppose that there are several contracts between A and B such as the contract on,
March 17, and the contract on November 16. For this reason, it is poss:ble that whei debatmg,
they misunderstand each other what contract they are talking about. And it is also. -possible;
that when we infer about some contract, we do so without complete knowledge of the contract.
Rather it seems that such a reasoning is typical in our ordinary life. ...
We would like to comment on the interpretation of ID-symbols,. -

.
A

» If we don't have enough information of ID-r-to make it function, then [ ({D~r), would be; )
correspondence. But if it is a function, then there will be no problem of mns:dentlﬁca.tton
In this case we can think with appropriate objects. o B

°M' g A should be read as: g satisfies Ain M. In CPF predicate of the orlgmal fonu ewry argument of the
predicale appear within a list, but for the sake of convenience, we employ predicates in' a standard form. There
is no essential difference belween them.

'®The satisfaction is defined in the same way for atomic formula without ID-symbols p(t;....,1n) and atomfi‘ci
formula with ID-symbols p(fD ~p, t1,...,14). N . e
“M g A should be read ns: ¢ does not satisfy A'in M.

Tgmx g s forany Y ot ¥ # Xg(Y) =9'(Y) P
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4 Conclusion

, o i
A EREL

We have so far been stating the quantifier-free part of CPF (syntax, ‘legal knowledges
representation using it, semantics, and so on). At the end we are going to summarize in;short,
merits of introducing CPF, especially ID-symbol.

. L Egai s ms g
5 (AR

o CPF makes expressive capacity richer, and can mention each legal acts of buying ‘and’
selling. - ; N - R IS S

¢ CPF makes legal knowledge representation which has close form to natural la.nguvag.e. 4

In this way CPF has big advantages. Above all the best significance of this paper is'to"
give a logical basis of CPF. : ’ e c

I would like to state further tasks. [ have hesitated offering the explanation of case
symbols in order to-avoid making obscure the forms of :‘argument, but they are’'an important
tool. Case symbols are a device for clarifying that which tole terms play in a predicate. It is~
interesting to give semantics to such a category of grammar, .. .

I then have often mentioned the characteristics of ID-symbols as a demonstrative pronoun.
Next steps, we must consider other kinds of demonstrative pronoun (indexicals such as “ 1%}
demonstratives such as “the book I have " and so on) from the wider point of view. Now I
present two points to consider in future. . R

it oo I R L S ST

¢ How to formally identify objects that are represented by making some extension of first
order language

o How to combine ID-symbols and many sorted language-
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