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Unrealized Dream

e Continental Law is written in If-Then structure.

e We can combine multiple rules and by transitivity, we would
realize automatic judging system.

e ... was a dream of '80s. Nowadays, none believes this idea
would work.
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¢ A knowledge base including inconsistency:

K={--,A> B,B— —A,--.}Iitself is not incosistent, but
KU {A}is.



Generalized Inconsistency

e Logical inconsistency
e Conceptual opposition in ontology
¢ Definition loop



Ordinance Change in Toyama —1—
Ordinance No. 54 & 55: ‘all the municipal procedure/application
are available via the Internet.’” Old ordinances are either

o simply overwritten,
e needed extra conditions, or
e not applicable
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Ordinance Change in Toyama —2—

o Results
about loop
':>' = @ = B = . and contlict

Ordinances files
OWL file

Converter | | Converted Validator

about
discordance

Program | | Prolog code




Ordinance Change in Toyama —3—

Argument of Po (X))
Py(X)
‘ Argument of Ps (X))
Py (X) Ps(X)
P (X) P5(X)
P3(X)
‘ﬁ Pf:uctl (b)

Conflict:V2[Po(z) A Ps(z) — Lo]

Assumptive Facts



Ordinance Change in Toyama —4—

—ll— Order-sorted logic

vehicle
/\

car ship

\/
1

car M ship = L

% |s amphibian car a common notion?



Ordinance Change in Toyama —5—

pv_sub(Root fE HHEE (x)):-
pv(Root TTHTHHBZREX)).
pv(Root, REEIERE R (y)),
pv(Root, FTE(v.x)),
pv(Root.acceptable( E I IRHEE F DHRE TR 3 550 F45 - F118)).

pv_sub(Root, T BT #E E B &(Var_0)):-
pv(Root, igfT o T HEHE (Var_0)).

pv_sub(Root iR{T i FHE& (2))-
pv(Root LM HEE (2)),
pv(Rootacceptable( B IR E FE DML T D56 F45&.F118)).




Ordinance Change in Toyama —6—

pv_sub(Root, B3R 1T & (x.y.a)):-
usecheck(Root.use_384.pv_sub(Root, B 3K 1T & (x.y.a))),
pv(Root. B EEE (x)).
pv(Root, TTEUT(Y)).

% pv(Root FEE 1R #M(a)),
pv(Root,acceptable(E IR 1T FHu 5l E85: 5F 118)),
usedcheck(Root.use_384.pv_sub(Root, B3R 1T A (x.y.a))).




Ordinance Change in Toyama —7—

¢ ordinance #54 (1)—(10)
e ordinance #55 (1)—(7)
e ordinance on administrative procedure
¢ ordinance on handling fee
¢ ordinance on travelling expense
e ordinance on permit to climb mountains
e Experiment
e CPU:Intel(R) Xeon(R) CPU X3350 @ 2.66GHz (4 cores),
Memory:3.2GB, OS: Windows XP SP3
e preprocessor: ruby 1.8.7 (2008-06-20 patchlevel 22)
[i386-cygwin]
o verifier: SWI-Prolog (Multi-threaded, 32 bits, Version 5.6.52)
e Scale
e 278 rules
e hypernym-hyponym relations 281 with 562 technical terms
e oppositions 11,602

[Hagiwara and Tojo 2006,2008,2009]



Law Interpretation

‘Vehicles are prohibited to enter the park.
Expansion Horses are not admitted.
Reduction Baby cars are admitted.

Analogy Deer also are not admitted.
Limitation Human are admitted.



Mixture of Ordinance and Subsumption

‘Vehicles (V) are prohibited (P) to enter the park.’ but ‘Baby cars
(B) are admitted.’ Is

K={V—-PB- AB-V,P - -AV)}

consistent?



Translation to First-Order Logic

e ‘Vehicles are not admitted to the park.
Yx[vehiclgdx) = —admittedx)]
e ‘Baby cars are admitted to the park.
VYx[babycafx) —» admittedx)]
e Baby car is a vehicle.

VYx[babycafx) - vehiclgXx)]



Problematic Mixture

If a bird can fly, then it also can fly over the lake.

Y(x: bird)[fly(x) = fly_over.the_lake(x)].
If a bird flew over the lake, then it flew.

d(e: evend[fly_overthe lake(e) - fly(e)]

Davidsonian semantics!

‘If it rained hard, it rained.’
‘If it rained, it didn’t rain hard.
Therefore, ‘if it rained hard, it didn’t rain hard.



Equivocal ‘if-then’

Classical Logic:
A->B&-(AA-B)=-AvV--B=-AVB.
Non-classical logic

e Intuitionistic Logic: A = == A but not ==A —» A.

e Paraconsistent Logic: A A =A /A B.

¢ Relevant Logic: there should be some relevancy between A
and B.

Temporal Relation: A precedes B, A < B

Conceptual Hierarchy: Ais B iff [A] € [B].

Indicative: ‘if A was the case, B was the case.
Counterfactual: ‘if A were the case, B would be the case.
Deontic Logic: A —» OB or O(A — B).
Prerequisite—Effect structure.



Checkpoints

e Transitivity
A->B B->C

A-C

e Contraposition
A-B &< -B - -A

e Strengthening/weakening

I'->A r-A
AT >A T'5AA




Agenda

Legal reasoning is intuitionistic.
Often includes counterfactuality.
How to design time-axis.
Prerequisite-Effect structure
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¢: there exist 20 times’ consecutive 7’s in 7.
Y: there exist 19 times’ consecutive 7's in 7.
Obviously, ¢ — .

-] We don't know yet.

YO We don't know yet.

We cannot give a truth value to = V i yet.
Thus, ¢ — ¥ does not imply =g V .



‘unless’ vs ‘if not’

Geis (1973): ‘unless’ # ‘except if’. ‘P unless Q' is stronger than ‘P
if not Q.

‘P unless Q' is true if P is true in all epistemically possible worlds
except those (white area) in which Q is true. ‘P if not Q' is true if P
is true in all epistemically possible worlds (dark gray area) in which
=Q s true.




Intuitionistic Legal Judgement

‘It is not known yet that P is being the case.’ is different from =P.

If Pis negatively proved, =P.

If =P is not proved, P ?

% Since ‘Cris is not guilty’ is not proved, she is guilty.
Assuming P, we obtain contradiction. Therefore = P.
Assuming =P, we obtain contradiction. Therefore P (Reductio
ad Absurdum)?

% If we assume ‘relativity is not correct’ we cannot explain
why the light bends aound the sun. Thus, relativity theory is
correct.

Either Por =P ?
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¢ ‘If my daughter is not scolded, she does not study.
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Contraposition in multiple time points

¢ ‘If my daughter is not scolded, she does not study.
o Therefore, ‘if she studies, she is scolded.
e Correct contraposition is: ‘if she is studying, she was scolded.



Counterfactuality

indicative wkE A> B < YwW/(WRW)ifw E Athenw [ B.
counterfactual David Lewis (1973): “P o— Q if and only if the
most plausible P A Q world is nearer to the reality
than the most plausible P A =Q world.”




Conjunctive and Conditional

German language family — Past-future

¢ If | had more time, | would write you a longer letter.
e Wenn ich mehr Zeit hatte, so wirde ich Ihnen einen langeren
Brief schreiben.

Romance language family — conjunctive-conditional
e Se avessi pill tempo, ti vorrei scrivere una lettera pi lunga.

imperfect conjunctive present conditional

Conjunctive: to create a fresh possible world.
Conditional: to mention matters in the fresh possible world.

new now

now



Event and State

Event State
On time axis | Point-wise Interval
Between intervals | Upward hereditary Downward hereditary
Aspect | Perfective Imperfective
View | From the outside From the inside

Gradual change from events to states:

1. The play delighted Mary.

Fred was angry.

Alan was ill.

The train was standing alongside the platform.

a s~ DN

The statue stood in the centre of the square.
6. Susan was a pediatrician.

[Kamp 79]



Accomplishment and Achievement
Temporal Ontology:
Preparatory phase — Culmination — Result State [Kamp 79]
In-Progress — Culmination — Holding & Resultant [Gunji]

e Telic and atelic

e Process and Progression

Imperferctive paradox:
e ‘Venus was twinkling’ implies ‘Venus has twinkled.

e ‘John was crossing a street’ does not necessarily imply ‘John
has crossed a street.

States Actvities Accomplishments| Achievements
know, be- | run, walk, | paint a picture, | recognize,
lieve, have, | swim, push | make a chair, | spot, find, lose,
desire, love | a cart, drive | deliver a ser- | reach, die
a car mon, draw a
circle, recover

from illness




Designing Time Axis

Priorian: F, G, P, and H.

Precedence and Inclusion: Priorian + {00}, 0} [van Benthem
2005]

Computational Tree Logic: branching time +{A, X, U,S F, G, }.
Future Branching + Hereditary time



Conjunctive on Hereditary CTL

If P were the case, Q would be the case.

P, 0Q

P new now
Pr Q



Conjunctive on CTL with Plausibility

If P were the case, Q would be the case.

The order of plausibility: =PA=Q>PAQ>PA-Q>-PAQ.




Q would be the case. O— In all plausible possible worlds
Q might be the case. ¢— In some plausible possible world

Rescher (1964) in the style of belief revision; M is a set of
propositions in reality where

-PA=-Qand MU{P}+ L.
Counterfactuality mentions such M’(c M) that:

M’ U {P} is consistent and M’ U {P} r Q.



Agreed Facts

Law: Those who damaged personal property, either with or
without intent, shall have liability to compensate the
detriment/deficit.

Case: A has hurt B by careless driving.

Judgement: A must pay B 200,000yen.

Major premise: F: damaging other’s property, G: have liability.
YXVYY[F(X,y) = G(X, V)]

conceptual subsumption: f: accident by careless driving.
fCF.

Minor premise: f(a, b)
Result: g(a, b)



Prerequisite—Effect Structure

State Change: a new effect, right, obligation and so on appears.

$1, P2, Y3, P4, 5 DY
N’ N—

agreed facts non-liquet

Ulitimate facts Those facts which are agreed between plaintiff and
defendent. No need of further argumentation.

Non liquet Still unknown. Those which need to be proved by
either one of two sides.

Note that ‘=’ in the general description of the rule does not
concern temporal matters. Only ¢ will be effective when all the ¢;
are proved.



General Law and Law Application

e General rule
1, P2, P3, Pa, P5 > Y

e Law application to Prerequiste—Effect

{agreed facts---}, {non- liquet} ~ ¢



Temporal Structure of Prerequiste—Effect

YWEW)W E e
YW’ (< w) W’ £ @
YW (> w)wW E ¢
YW/ (W)W’ [Ey

o b
1

— § U]
1

As a result, we could define ‘immediately after’ operator.
[Sano and Tojo 2011]



Combining Multiple Implications

Intuitionistic implication
Conceptual Subsumption
Prerequisite—Effect
Counterfactual

Temporal Order

Deonticity
- is possible?

é/\?ilnl

KT4 (=S4) McKinsey—Tarski
classical

Dedekind state change

K4 with concentric plausibility
Priorian minimal tense logic
KD



One sentence!?
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Toward Law Verification

| (1) Legal documents

Y Analysis of multiple If--Then

Prerequisite—Effect Structure }7

| (3) Deduction system | | (2) Logical formulae |

Polymodal logic Sequent calculi



