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Artificial intelligence

Specialized artificial intelligence

Exists and is often in use.
Tax administration, photo classification

General artificial intelligence

Does not exist. There is a natural variant of

general intelligence.
Understand books, biking in a busy street

Superior artificial intelligence

Does not exist. By definition there is no natural
variant.
Speculative: Automatic invention, robot uprise
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Knowledge systems

Art. 6:162.1 BW (Dutch civil code)

A person who commits an unlawful act
toward another which can be imputed to
him, must repair the damage which the
other person suffers as a consequence
thereof.

ITF damages
AND unlawful
AND 1mputable
AND causal-connection
THEN duty-to-repair
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The two faces of
Artificial Intelligence

Expert systems Adaptive systems
Business rules Machine learning
Open data Big data
IBM’s Deep Blue IBM’s Watson
Complex structure Adaptive structure
Knowledge tech Data tech
Foundation: Foundation:

logic probability theory

Explainability Scalability



Realizing the dreams and
countering the concerns
connected to Al require the same innovation:

the development of argumentation technology

The law leads the way



Argumentation systems are systems that can
conduct a critical discussion 1n which
hypotheses can be constructed, tested and
evaluated on the basis of reasonable
arguments.



The two faces of
Artificial Intelligence

Expert systems
Business rules
Open data
IBM’s Deep Blue

Complex structure
Knowle” e(\“a

weo™®

Explainability

o

Adaptive systen-
Machine le- \094

“Aptive structure
Data tech
Foundation:

probability theory

Scalability



Intelligent
systems

74
Knowledge

systems

Data systems

v

Argumentation
systems

1950

1975

2000

2025



The law can be enhanced by artificial intelligence
Access to justice, efficient justice



The law can be enhanced by artificial intelligence
Access to justice, efficient justice

Artificial intelligence can be enhanced by the law
Ethical AI, explanatory Al



Artificial intelligence and Law

BIEALERE

Legal artificial intelligence



Artificial intelligence and Law

ICAIL conferences since 1987 (biennially)
Next edition June 2019 Montreal

laall.org

JURIX conferences since 1988 (annually)
Next edition December 2019 Madrid

jurix.nl

Artificial Intelligence and Law journal since 1992
Springer
link.springer.com/journal/10506



Machines can decide legal cases

(?)

Deciding legal cases consists of applying the law.
The law consists of rules and cases.
Machines can apply rules and following cases.

THEREFORE:

Machines can decide legal cases.
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But, Your Honour, you sometimes have a drink too, haven’t you?

Maar edelachtbare, u drinkt toch ook wel eens een glaasje?



Some hard questions

Deciding legal cases consists of applying the law.
-> Is applying the law sufficient for deciding cases?
-> How does one apply the law?

The law consists of rules and cases.
-> Does it?
-> Where are they?

Machines can apply rules and follow cases.
-> Can they?

THEREFORE:

Machines can decide legal cases.
-> Well, I don’t know!



Al & Law

Working hypothesis:
Deciding legal cases can be automated.
Research agenda:

Find out how!



Law and artificial intelligence

The tension in the law between /egal security on
the one hand and justice on the other is related to
the gof-ai vs. new-ai dichotomy.

The former are top-down and focus on explicit
knowledge (rules, logic), the latter are bottom-up
and use implicit knowledge (discretion, case
analogy, learning, self-organisation).

The law has a long history of struggling with this
tension and developed pragmatic approaches.
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Argumentation

Argumentation
is an interactive social process aimed at the balancing of
different positions and interests.

Authored by: I —
Frans H. van Eemeren
Bart Garssen “Francisca Snoeck Henkemans
Erik C. W. Krabbe o
A. Francisca Shoeck Henkemans Handbook of
Bart Verheij Argumentation

rik C.W, Krabb
1ot fenkem

Jean H. M. Wagemans T heory

Chapter 11: Argumentation and Artificial Intelligence



ARGUMENT MAP SHALE GAS PRODUCTION IN EU MEMBER STATES

What is shale gas?
Shaode gos is noturol gos that is
“locked” In cloy loyers {sholes) In the

( Shale gas production contributes to the country’s energy supply

C Shale gas production helps to sotisty the growing demond for energy. O mmﬁw!e?n:r:v;yawlu Mwmmmwummmm\
Sl Y% can feice s Mopocts o = s procudion frocturing, or “fracking’, to create O Government in shole gos connot be spent on renewabie energy,

O Shale gas production Increases the energy supply ood thus deloys the urgenty 1o switch 1o renewabie energy.
O Shale ges production redues fossil energy prices moking energy y Expy

froctures in the sholes thot allow the
gos to flow oat. Shale gas prodoction
requires more woter, chemicals and
more welis to be drilled compored to
canventional gos production. Shole
gas can be used in the same way os
conventional gas without any
modifications to existing gas
Infrastructure. Exploratory drilling &
needed to assess how much gos is
present and whether it con be
peofitably produced. The EU does
currently not take a position that
either hinders or promotes

fsaugummmmdmwmm

Shale gas con peovide enegy when renewable enesgy sources fall to meet peak demend. O
Shale gas peeduction generates knowledge for use in other forms of energy production (e.g. geothermal). ©

Shale gas production harms the environment \

O Shale gas production and post-production weils can fead to groundwoter contamination.

O Shale gas production requires woter and thus competes with other demands for woter,

D Shale gas p con lead to meth ond thus odd to the gréeenhouse effect.

O Shale gos production negotively impacts ok quolity during well construction and production of gas.
O Shale gas production uses chemicais which may horm the enviroament.

(" Shae gas production and use are relatively environmentally riendty

Shale gos { tess greenhause gas per unit af energy than cood and all. ©
Technologies for reducing the environmentad impact of shole gos. are ond Imp 9. O
Domestk shale gos production reduces long-distance tronsport of imported energy, O

Mpmmmmmmﬂ

Domestic shale gas production control oves ental impact of energy production shale gas peoduction. O shale gas production requires wells to be driied, which are blots on the landscape and require space.
High environmental standards for shale gas production in the EU can leod to better standards woridwide. O O Shale gas production requires transport and driling, which affect the t and hinder
ic shole gas moy have less Impuct than energy peoduction elsewhere, ©

St Shale gas production is a hazard to employees and residents |
a
= i the arguments for =
gas can y ') . D Shale gas peoduction poses a risk of earth tremors and reactivation of foults.
T o o e e Wctokigles e Bk oty ol © and against production O Harmiul substances in the shale layer, fike rodioactive materiods, may come 1o the surface.
Shale gas tmkodmg‘:“p 5 o the ol thé gosint : " of shale gas for EU O Shale gas peoduction has safety risis, while ittle is known obout effective measures to oddress occidents,
Shale gos production can be monitored real time ond odjusted If necessary, which Emits safety risks, © member states RinReoen == semboldi

with shale gas
resources? ('Mpmumnmmkm )
O Exploratory driling costs the taxpayer money in countries where the state will co-invest in exploration.

O It is untlear how much gas cen be profitably produced and whether public mvestments are worth making.
supervision comes ot the taxpoyer’s expense,

( Shale gas production Is finandally profitable for the country

The state berelits from the sale of shole gas, o5 shareholder, receiver of reyoities or through toxes. ©
Use of the existing gos transport network will be S0 public i are mone p X

Shole gos production can lower gas ond energy pries ond intrease people's purchasing power, ©

P! 4 g

‘Shale gas production may lower the value of property )

House prices may fall in the vicinity of production wells. )

( shale gas production strengthens the national economy

Shale gas production decreases energy Imports and thus improves a country’s bofance of payments. O
The country con export Qe and exper of shale gas product]

Lower energy prices due to shale gas production Improve the of enesgy | i
Shote gos glves the country more options for the distribution of gos, which con be profitoble, O

O Sole of shoke gos moy weoken the country's competitiveness through the rising volue ol its national currency. )

Shale gas production can attract foreign knvestors. © This Argument Mop summarises
the arguments for ond ogoinst
( shote gas production boosts the local economy g"m;‘m";“m: Shale gas production can lead to domestic political tensions
Shale gas production offers business opportunities 1o Jocol companies close 1o the production area. © shole gas resources. O Part of the public resists shale gos production and this can cause political uphecval,
Shale ges production increcses reglonal employment. © The arguments for and against 7+© Informotion about shale gos production is diverse and misty, therefore citizens cannot assess its impoct.
Infrastructure built to produce shale gas remains benefidal to the local community after production stops. © exploratory drilling, other than as S T S ) . o
an initiol step in the production
e ik Politics : Mpmmmmummbmmwlm
. . . . consideration here. This map is o ‘O A country’s requiotory fromework may not be abie to cover oll aspects of shale ges production.
Shale gas production strengthens the political position of the country Politics bosed on literoture study and ! ~O Governmental supervision is inadequotely geared to the specific of shale gas prod
Shale gos production streng! the g pawer of the country. O L’:::' fom mnmm .
Shole gos teduces the ongmsuwulmgosuommgcwn"a.OO' i V:Mﬂoﬂwuﬂd for : Shale gas production can create international tensions
Shese 9“ - the sense of - oot of dtens. O their contribution. o '-o Shale gas p may neg y il the ond safety in neighbouring countries.
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Mary is original owner

Pros
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John is the buyer

John was not bona fide




Mary is owner| ¢ —¢ John is owner

4 A
|
>
|
|
|
Mary is original owner‘ ‘John is the buyer‘

‘John was not bona fide‘
J N

Pros | John bought the bike for €20 |
Cons




hf:‘fhrgl.ﬂ'-a'1ne::| - maryAndlohn.def EI@

File Edit Options

OESd EFfT2ER B8 5L

File | Theory : Dialectical arguments |

Mary iz original owner |

Grounded semantics mode: The skeptical consequences of the grounded

Verheij, B. (2005). Virtual Arguments. On the Design of Argument Assistants for
Lawyers and Other Arguers. T.M.C. Asser Press, The Hague.
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hf:‘fhrgl.ﬂ'-a'1ne::| - maryAndlohn.def EI@

File Edit Options

OESd EFfT2ERE L

File | Theary ; Dislectical arg &7 ArguMed - maryAndJohn.def EI@
| Mary is owner | File Edit Options
T—:x_J_.;Hrﬁs_.;-;uhé;_; OEEH EII2EREBEBL

File | Theory : Dialectical arguments |

Mary iz original owner LD CEEEEEE

John iz the buyer |

—| Mary iz original owner |

Grounded semantics mode: The skeptical consequences of the grounded

Verheij, B. (2005). Virtual Arguments. On the Design of Argument Assistants for
Lawyers and Other Arguers. T.M.C. Asser Press, The Hague.
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File Edit Options

W ArguMed - maryAndlohn.def

OESd EFfT2ER B8 5L

Fil= | Theory : Didlectical argy,

-

Mary iz original owner

John iz the buyer

‘if ArguMed - maryAndlohn.def
File Edit Options
DEed = ! 2 2% B L

File | Theory : Dialectical arguments |

| Mary is owner

—| Mary iz original owner |

John was not bona fide |

T—|Juh.n bought the bike for £20 |

-—l.luhn iz the buyer |

—| M ary iz original owner I

Grounded semantics mode: The skeptical consequences of the grounded

Verheij, B. (2005). Virtual Arguments. On the Design of Argument Assistants for
Lawyers and Other Arguers. T.M.C. Asser Press, The Hague.
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Toulmin’s model

Harry was born Harry is a
In Bermuda } > So, presumably, { British subject
Since Unless
A man born in Both his parents were
Bermuda will aliens/ he has become a
generally be a naturalized American/ ...
British subject

On account of

The following statutes
and other legal provisions:



Reiter’s logic
for default reasoning

Birds fly
BIRD(x) : M FLY(x) / FLY(x)

A penguin does not fly
PENGUIN(x) — —FLY(x)

FLY(t) follows from BIRD(t)

FLY(t) does not follow from BIRD(t), PENGUIN(t)



Defeasible reasoning

In 1987, John Pollock published the paper

‘Defeasible reasoning’ in the Cognitive Science
journal.

What in Al is called “"non-monotonic reasoning”
coincides with the philosophical notion of
“defeasible reasoning”.




Pollock on argument defeat

(2.2) P is a prima facie reason for S to
believe Q if and only if P is a reason
for S to believe Q and there is an R
such that R is logically consistent
with P but (P & R) is not a reason for
S to believe Q.

(2.3) R is a defeater for P as a prima

. . . . HOWV
facie reason for Q if and only if P is a TO BUILD
reason for S to believe Q and R is A PERSON

logically consistent with P but (P & R)
iIs not a reason for S to believe Q.

JOHN POLLOCK




Pollock on argument defeat

(2.4) R is a rebutting defeater for P as a prima facie
reason for Q if and only if R is a defeater and R is
a reason for believing ~Q.

(2.5) R is an undercutting defeater for P as a prima
facie reason for S to believe Q if and only if R is a
defeater and R is a reason for denying that P
wouldn’t be true unless Q were true.



Pollock’s red light example

? The objectis red
¢ @ Theobjectis illuminated by a red light

@® The objectlooks red

Undercutting defeat



Dung’s basic principle
of argument acceptability

The one who has the last word laughs best.




Dung’s basic principle
of argument acceptability

The one who has the last word laughs best.




Dung’s basic principle
of argument acceptability

The one who has the last word laughs best.




Dung’s basic principle
of argument acceptability
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The one who has the last word laughs best.




Dung’s admissible sets

\w
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Admissible, e.g.: {«a, v}, {a, v, 9, {, n}
Not admissible, e.g.: {«a, B}, {v}




Dung’s admissible sets

A set of arguments A is admissible if

1. it is conflict-free: There are no arguments a and 3 in A,
such that o attacks .

2. the arguments in A are acceptable with respect to A: For
all arguments o in A, such that there is an argument 3
that attacks o, there is an argument y in A that attacks p.



Dung’s preferred and stable
extensions

An admissible set of arguments is a preferred
extension if it is an admissible set that is maximal

with respect to set inclusion.

A conflict-free set of arguments is a stable extension
if all arguments that are not in the set are attacked

by an argument in the set.
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Preferred and stable extension: {a, v, 8, ¢, n}



Even-length attack cycles

Preferred and stable extensions: {a}, {B}



Odd-length attack cycles

Preferred extensions: & (the empty set)
Stable extensions: none



Basic properties of Dung’s
extensions

= A stable extension is a preferred extension, but
not the other way around.

= An attack relation always has a preferred
extension. Not all attack relations have a stable
extension.

= An attack relation can have more than one
preferred/stable extension.

= A well-founded attack relation has a unique stable
extension.



Dung’s grounded and complete
extensions

A set of arguments is a complete extension if it is an
admissible set that contains all arguments of
which all attackers are attacked by the set.

A set of arguments is a (the) grounded extension if it
is @ minimal complete extension.



Computing a grounded extension

1. Label all nodes without attackers or with
all attackers labeled out as in.

2. Label all nodes with an in attacker as out.
3. Go to 1 if changes were made; else stop.



The attack relation as a
directed graph (Dung)
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The attack relation as a
directed graph (Dung)
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The attack relation as a
directed graph (Dung)
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The attack relation as a
directed graph (Dung)
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The attack relation as a
directed graph (Dung)
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The attack relation as a
directed graph (Dung)
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Preferred, stable, grounded extension:
{o, v, 8, §, n}



An Example Abstract Argument
System Note: arrows

Indicate attack

That’s it! By the way: there is no stable extension.
(Why? And is there a preferred extension?)



Abstract argumentation semantics

(1995)

Grounded extension

Stable extension

N

y

\

Preferred

extension

Complete extension

Dung 1995



Dung’s admissible sets
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Admissible, e.g.: {«a, v}, {a, v, 9, {, n}
Not admissible, e.g.: {«a, B}, {v}




Labelings
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Stages, e.g.: B(), a@B)y, a(B)yd(e)ln

Non-stages, e.g.: By, B (6 ¢)



Labelings

1. A labeling (J, D) has justified defeat if for all
elements Arg of D there is an element in J that
attacks Arg.

2. A labeling (J, D) is closed if all arguments that are
attacked by an argument in J are in D.

3. A conflict-free labeling (J, D) is attack-complete if
all attackers of arguments in J are in D.

4. A conflict-free labeling (J, D) is defense-complete
if all arguments of which all attackers are in D are
in J.



Some properties

Let J be a set of arguments and D be the set of arguments
attacked by the arguments in J. Then the following properties
obtain:

1. Jis conflict-free if and only if (J, D) is a conflict-free labeling.
2. Jis admissible if and only if (J, D) is an attack-complete stage.

3. Jis a complete extension if and only if (J, D) is a complete
stage.

4. Jis a preferred extension if and only if (J, D) is an attack-
complete stage with maximal set of justified arguments.

5. Jis a stable extension if and only if (J, D) is a labeling with no
unlabeled arguments.



Remarks on labelings

1. Using labelings can be used to define set-
theoretic notions, but also inspire new ones.

2. Labelings allow a new natural idea of maximal
interpretation: maximize the set of labeled nodes.

3. Some preferred extensions are better than others,

in the sense that they label more nodes.
— Semi-stable extensions



Semi-stable semantics

A set of arguments is a semi-stable extension if it
is an admissible set, for which the union of the set

with the set of arguments attacked by it is
maximal.

Notion introduced by Verheij (1996)
Term coined by Caminada (2006)



Preferred extensions: {a, v,}, {B}
Semi-stable extension: {a, 5}
Stable extension: {a, v5}



Preferred labelings:
Semi-stable labeling:
Stable labeling:

o (
a (
a (

B v1) 72 (v3), () B
B v1) 72 (13)

B v1) 72 (13)



Properties

. Stable extensions are semi-stable.

Semi-stable extensions are preferred.
Preferred extensions are not always semi-stable.
Semi-stable extensions are not always stable.

~ Wh=

Preferred extensions always exist, but
stable extensions do not.

Do all attack graphs have a semi-stable extension?
Answered negatively by Verheij (2000, 2003)



Properties

1.

2.

There exist attack graphs without a semi-stable
extension.

Finite attack graphs always have a semi-stable
extension.

. An attack graph with a finite number of preferred

extensions has a semi-stable extension.

. An attack graph with a stable extension has a

semi-stable extension.

. If an attack graph has no semi-stable extension,

then there is an infinite sequence of preferred
extensions with strictly increasing ranges.



Abstract argumentation semantics

(1996)

Stable extension

A4

Semi-stable extension

Grounded extension

\

Preferred extension

Complete extension

Stage extension

Dung 1995
Verheij 1996
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Argumentation semantics (2003)

M
Stable —— \
cC ——> §

\
\/ byl ¥ v
Stable_x ¥? — ;\‘ CDJ—> DJ
P/
Semi- stable ~ Preferred

DefLog Verheij 2003



Al & Law
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