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An Logical Event-langauge for Legal Reasoning

KEN KANEIWA'T and SATOSHI ToJoOtt

In order to implement a legal reasoning system, we have to provide a method that repre-
sents the suitable descriptions of events in addition to legal concepts and rules. An event,
as opposed to an atemporal property, has its own time and location, and happens once and
for all. Although the notion of events has been found in the researches of ontology, logic,
linguistics, artificial intelligence and deductive databases, each approach does not seem to
capture the various aspects of events represented in legal reasoning. In this paper, we propose
an event logic with such expressions as quantification over events, event sort-hierarchy and
composition and disjointness of events, based on some examples on event descriptions in legal
knowledge. This logic is a variant of order-sorted second-order logic formalized by regarding
events as constants, sorts, predicates and variables, which provides knowledge representation
and reasoning for event assertions. In order to obtain a query-answering system, we present
a sorted tableau calculus for refutation of event formulas in the logic.
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02 000000000000
Fig.2 Reasoning on event rules.



4008 ooooooooo

gooobooobooboooboooooboooboo
gboobooboobooobooooboooooboo
goooboooboobooobooooobooobog
goooboboooooboobooboooooboo
goooboobooboooboooobooboog
gbobobooobobboobooboobobooo
O New HELIC-IIOOODOOOOODOODOOO
god
gobooooooobboouobD HOoODoooo
O000D0O New HELIC-IIOODOOOOOOOOO
0000000000 00000O0OUOUOUOOOO New
HELIC-IIOOOOOOOOOOOOOOoOoooood
(H)OooOooOoooUooOoooooOoo
(2)00000000000
(3)(1)0 (2)00000000000000000
pooboboobooobobooobooboa
0000000000D0000DO0OONew HELIC-
I0o00o0ooo00obo00 Hooooooooo
gooobbooooobooboobooooboo
gooobooboooobooooboooooboo
gooobooboobooboobooboooooboo
goooboooboobooboooooboooboo
obobobooboobooog
0000000000000 D (2)00000
goooboooboobooboooooboooboog
goboboooooboboboobbooboobooo
goboboooboobooboobobboobooo
gooobooboobooobooobooooboo
goooobooobooboooboobooboobooboo
goboooboboooobooobbooooboooog
gooobooboooobooobooooooboo
goooboooboobooobooboboobooboo
00000 New HELIC-IIO HODOOOOOOO
go300bobooobooboooboobobooobooo
goobooooo
rl:: 1 (00 1=A4/T,00 2=B/T)
— A/0000 (0D =X/00,
0Q =y/T,00 = Z1/7),
B/0DOO (00 =X/00,
00 =Y/T,00 = 22/T)
r2:—A/00D00 (00 =X/00,
00 =Y/T,00 = Z1/T)
— A/0000 (00 =X/00,
00 =y/T,00 = Z/T)
r3:—A/0000 (OO0 =X/00,
0Q =Y/T,00 = Z1/7T)

Dec. 2007

—A/000D (OO0 =X/00,
00 =Y/T,00 =Z/T)
0000000030000000000 1000
00000000000 D000D000DO0O0D0O000n
000000000000000000000000
000000000000000000000000
000000000000000000000 200
000000000000000000000000
000000000000000000000000
00000000000 000000D0000000
00000000000000003000 2000
00000000000 0000000000000
0000000000000 D000 10000000
0000000000 O000000D0O0ODODOO000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooooo
00000000000000000000000
00000000000 0000000000000
00000000000 00000000000000
New HELIC-IIO HOOOOOOOOOOOOOO
000000000000000000 reification O
000000000000 00000000D000D
000000000000 0000000000 H
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000D0000 LOGINY
oooooo0o®ooooo0O0oo00oo00o0on
00000000 New HELIC-IIOOOOOOOO
00000000000 D000D000DO00D0000n
0000000000 000D0DO000n
0000000000
ooooooooo
!
LOGINOOOOOOO
!
New HELIC-II
!
gooooooooo
0000000000000 00D000000000n
New HELIC-II OO OOOOOOOOOOOOODOO
oooooo



Vol. 48 No. 12

6.2 00O0O0OOOOOO

oboooboooooboooooboboooobooon
gooooobooooooooooooooooo
gboobooooooooobooobooboboooon
goooooooobooooooooooooo
goboooooboboboboooooboobbooon
gobobooooobooboobooooobobobogoon
gboooocboobooocbooooooooooanon
gbobooobooboooboooooboooooanon
gboboooooooboooooooboooaon
gboboooboooboooboooooboooooonon
gbobooobooobooooobooboobooobooo
O00000Ue:00 (00:00,c:0000)00O

Oex0000 (0D0:00,e:0)000000DOOOO

goooooooooobooooobooooooooo
ggobooobbooobbooobo
ggooood
gooonoocooooooo
gooonoooob coooooboo
goooooo cooooood
oooooo cooooooa
oobooooooooo
(VX)(VY) (V) (Vy)(V2)
(X:0000 (=0,y:0)AY:00 (0,
z20000)A(Y:0O = X:0000) —
0000000 (z0))
ogooooa
(VX)(Vz)(X:0OOOOO0OO (x=0) — (3Y)
Fy)(Y:O0O(x:0,y:000)) —-00 (=x0))

ooboocooobooooobooooboooonobooon
gboboooobooooooooboboonoooboobooo

gobooobooboooooobooooboboooooon
gooooooooooboooobooooboooooo
goooooooooooooooooooboooo
goooobooboooboooooboobooooooo
gooooooooooboooobbooooooooo
gooboooooobooooooobobooboooDo
obobomooooooooooooooooon
goboboobooooooooooocooboooooon
gooooooooooooooocoooooooo
gooooooooooooooooooooooon
goboooobooooboocobooooooooonon

ooboboooooooobooboooooobobon
oooooooooocog? oooooooood
gooobooooooobooooooboooooo
goobooooboooooobobooboon

goooooooooooooooo 4009

gobooooooobooooocoOooooboobooo
goooobooobooobooooobobooboobooo
gooobooooobooooboobooboobooo
goboooooooobooooooOooooobooboo
goboooooooooooooboobooo2000
gooooooooooooboooboobobo 1000
goboooooooobooooooooobooobo

goooonbO cOooooodoooooooooo

goboooooooboooooooouooobooboooa
gobOooooodon eelee 00000 1000
00000 eqcex OO0 OOOOO0OOOOODOOO
gbooooboooboobobOobo100ocobooboo
gooooooooobooobooooooooooooo
gooooooooooooooooooooboonoo
goooooooooooboooboooooooboboo
gooooomoooobooboobobobobo
gooobooooooooooboooooooooboo
goboobobooooooooobooboooooooboo
gbooboobooboomuooooboooooa
goooooooobooooobboooooooooo
gobooooooooobooocoOoooooobooo
gobooooooooboooboooOooooobooo
goooooooooooboooboooooobooboboo
goooooooooboo

0000000 New HELICIIODOOOOOOO
gooooooooooooooooobo 20000
goooooooooooo1oooooobooo
gobooooooobooboooooooobooooa
gbobooobooodoooooobooooooboooa
gobooooooooobooocoOooooooboo
gobooobooooooooobooooooooboooo
goboooooooobooooooboooooboooo
goOooooooooooooooroboOobooo
goooooooooboooboooOooooobonoo
goboooooooooooobobooooooDbooo
gobooooooooboooobooboooooooboo
gobooooooooooooboboooooobooo
gobooooooobooboooooboooobooboooa
gboboooooooooooooocooooobooa

Y 00D00D000000000000000000000000
gobobooO0ooooOo0o00OooooOoOoOoooOo0o00ooOOn
gooboOo0ooOoO0oOoO0bO0oO0OOO0OOO0O0CDOObOOO
goooooooooooooooOoooboOoOoOoOoOoOooOooo
0000000000000000000000000000
gooboOobooO0oO0oO0o0bO0oO0OOO0OO0O00O00O0OO0
gooooO0oooboOoOoooOoOo0oooobocOoOoooOoOooboooo
gobobooOooooooOoOo0oO0O0oooooo0oon



4010 ooooooooo

goooobooobooooooooooboooooooo
goooboooooooobooboooooobooobooon
gobooooooooboooooooooboooon
6.3 0DOOOOO
goboobooooooooboobooooooboooo
gooobooobooooooooobooooooo
gooobobooooooooboobooboooooobo
gooobooooooooboobooooooooo
gooobooobooooooooobooooooooo
gooobooooooooooooooboobooo
O0o000o0oo0oo0oooO 5 0oooooo
goooobooooooobooocoooooooooo

goooooooobooooboooobooDo

gooooboooooooo 20000000000
gobooooobooooooboobooooo
goboboobooooooooooobooooooooo
OoooooooooooooooocecwAODOoOod
goooboooooooboooboboooooooo
goooboboooooobooocoooobooboooobo
gooobobooooooobooboooooboooobo
goboobooooooooooooboooboooooo
goooboooooooobooobooooooooo
gooooooooooooooobooooooooon
goooooooooooooobooobooooooo
0000000000000 0000 eE(---)00
000000 —-eE(---)00000D00OO0DOODO
0000000 noO00D0OO0O0O0O0O-eE(---)0O
gooobooooooobooooooooooooo
gooooooocoooogoo

7. 0 0O 0O

gobobooooooooboooooooooooo
goooobooooooooooooooooooo
gooooboooooooooooooooboonoooo
gooooboooooooooooboooooooo
goooboooooooboobooooooobooooobo
gooobobooooooooboobooooooboboon
gooobobooooooooooooocoooooo
goooboooooooooooooooooooo
goooboooooooobooboooooobooooo
goooooooooooooobooooooooo
goooboboooooooooobooooooooo
goooobooooooooooooooooooo
goooobooooooooooooboooboooooo
goooboooooooobooooooooboobooboobo
gooooboooooooooooboooooooo

Dec. 2007

oooobooooboooooooobooooooooo
goooboooooooooooocoooooooo
oooooooooobObOOO0000000000o
ooooooooooobooobooooooooon
oooooooooooboooooobooboooooo
oobooobooooooboboooooo

goooooooooooooobooooooooo
gdoobobooooooobooboooooobooobooon
gdooobooooooooobooooooooon
gdoobobooooooobooobooooooooo
gooobooooooooooooboooooooo
gooobooooooobooocobooooooooo
ooooooooooobooobooooooooon
oobooooobooooooooono

00 Ooooooooooooooooooobo
O0B0ONo.177001640 0000000000000

o o o o

1) Ait-Kaci, H. and Nasr, R.: LOGIN: A Logic
Programming Language with Built-In Inher-
itance, Journal of Logic Programming, Vol.3,
No.3, pp.185-215 (1986).

2) Allen, J.F. and Ferguson, G.: Actions and
Events in Interval Temporal Logic, Journal of
Logic and Computation, Vol.4, No.5, pp.531—
579 (1994).

3) Barwise, J.: Constraints, Channels, and the
Flow of Information, Situation Theory and Its
Applications, Peters, S., Katagiri, Y., Israel,
D. and Aczel, P. (Eds.), Vol.3, CSLI, Stanford
University (1993).

4) Barwise, J., Gabbay, D. and Hartonas, C.:
On the Logic of Information Flow, Logic, Lan-
guage, and Computation, vol.1, Seligman, J.
and Westerstahl, D. (Eds.), CSLI, Stanford
University (1996).

5) Cohn, A.G.: Taxonomic reasoning with many
sorted logics, Artificial Intelligence Review,
Vol.3, pp.89-128 (1989).

6) Davidson, D.: The logical form of action sen-
tences, Essays on actions and events, pp.105—
148, Clarendon Press, Oxford (1980).

7) Galton, A. and Augusto, J.C.. Two Ap-
proaches to Event Definition, Proc. DEXA
2002, LNCS 2453, pp.547-556 (2002).

8) Gatziu, S. and Dittrich, K.R.: Events in
an Active Object-Oriented Database System,
Proc. 1st International Workshop on Rules in
Database Systems, Workshops in Computing,
pp-23-29, Springer (1994).

9) Kamp, H. and Reyle, U.: From Discourse to



Vol. 48 No. 12

Logic, Kluwer Academic (1993).

10) Kaneiwa, K. and Mizoguchi, R.: Ontolog-
ical Knowledge Base Reasoning with Sort-
Hierarchy and Rigidity, Proc. 9th Interna-
tional Conference on the Principles of Knowl-
edge Representation and Reasoning (KR2004),
pp-278-288 (2004).

11) Kaneiwa, K. and Tojo, S.: Event, Property,
and Hierarchy in Order-Sorted logic, Proc. 1999
Int. Conf. on Logic Programming, pp.94-108,
The MIT Press (1999).

12) OO0 0000 O0O0O0O0O0O0O0ODOoOooOOo
gobooooboobooooboboobo
0000 Vol.17, No.2, pp.10-24 (2000).

13) Kifer, M., Lausen, G. and Wu, J.: Logical
Foundations of Object-Oriented and Frame-
Based Languages, J. ACM, Vol.42, No.d4,
pp.741-843 (1995).

14) Landman, F.: Structures for Semantics,
Kluwer (1991).

15) Nitta, K., et al.: Knowledge Representation of
New HELIC-II, Workshop on Legal Application
of Logic Programming, ICLP ’94 (1994).

16) Nitta, K., et al.: New HELIC-II: A software
tool for legal reasoning, Proc. 5th Int. Conft.
on Artificial Intelligence and Law, ACM Press
(1995).

17) Parsons, T.: Events in the Semantics of En-
glish, MIT press (1990).

18) Sadri, F. and Kowalski, R.A.: Variants of
the Event Calculus, Proc. 12th International
Conference on Logic Programming, Sterling, L.
(Ed.), pp.67-82, MIT Press (1995).

19) Schmidt-Schauss, M.: Computational Aspects
of an Order-Sorted Logic with Term Declara-
tions, Springer-Verlag (1989).

20) Socher-Ambrosius, R. and Johann, P.: Deduc-
tion Systems, Springer-Verlag (1996).

21) Sowa, J.F.: Knowledge Representation: logical,

goooooooooooooooo 4011

philosophical and computational foundations,
Brooks/Cole (2000).

22) 00 0OO0O0O0OOOOODOOOOOOOOOO
(2006).

23) van Benthem, J.: The logic of time: a model-
theoretic investigation into the varieties of tem-
poral ontology and temporal discourse, Syn-
these Library, Vol.156, Reidel (1983).

(00180 110 21000)
(00190 90 3000)

od oooooog

199301996 00000 O 2001
gooooooocoooooooo
goooooocooooooooo
gooooooocoooooooo
gob20060 40000000000
ooooobooooobooboooobobooooDo
ooooooooooooooobooooboooboboo
gobooooooboooobouMLOObOOOoOoODO
gooobooobog20 000000000000
goooooooooooooooooobooboboogo
ALPOASLOOOO

od oooooog

1981 000000000000
gbooo19s3boooooooon
Ubooooooo198301995 00O
gboooooosaoaoon
gooooooocoooooooo
goboz2oootoooobOoOo0oOomoooooonon
oooobooooooooboboooooobooooo
ooboooboooooooooooboooooooon
OO0FolliOOOO




