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Spring School on Argumentation in Artificial Intelligence and Law

[nvited graduate course
at the Institute of Logic and Cognition, Sun Yat-Sen University, Guangzhou

Henry Prakken, Giovanni Sartor, Bart Verheij, April 2018

http://www.ai.rug.nl/~verheij/sysu2018/
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European Economic and Social Committee

INT/806
Artificial intelligence

OPINION

Section for the Single Market, Production and Consumption
Artificial intelligence — The consequences of artificial intelligence on the (digital) single market,
production, consumption, employment and society

(own-initiative opinion)

Rapporteur: Catelijne MULLER

Home “WhoWeAre Activities ExistentialRisk Getlnvolved Contact

Technology is giving life ...oT to self-destruct.

like never before...

f u [ / e the potential to flourish ) " Let’s make a difference!
of L1

Y INSTITUTE

News: Al Biotech Nuclear Climate Partner Orgs

AN OPEN LETTER TO THE UNITED NATIONS
CONVENTION ON CERTAIN CONVENTIONAL WEAPONS

As companies building the technologies in Artificial Intelligence and Robotics that may be repurposed to develop autonomous weapons, we fee
especially responsible in raising this alarm. We warmly welcome the decision of the UN's Conference of the Convention on Certain Conventional

Weapons (CCW) to establish a Group of Governmental Experts (GGE) on Lethal Autonemous Weapon Systems. Many of our researchers and engineers
are eager to offer technical advice to your deliberations.

We commend the appointment of Ambassador Amandeep Singh Gill of India as chair of the GGE. We entreat the High Centracting Parties participating



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 dut

toward another which can be imputed to vt
him, must repair the damage which the PP
other person suffers as a consequence dmg
thereof. — |
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Data systems
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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
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Business rules
Open data
IBM’s Deep Blue

Complex structure
Knowle” e(\“a

weo™®

Explainability

o

Adaptive systen-
Mach?ne le- \094

“Aptive structure
Data tech
Foundation:

probability theory

Scalability



Intelligent
systems

74
Knowledge

systems

Data systems

/

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 2018 Groningen

jurix.nl

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



Spring School on Argumentation in Artificial Intelligence and Law

8:30
10:00
10:30
12:00
14:30

16:00
16:30
17:30

Day 1 Tuesday April 10

Abstract and structured formal frameworks for argumentation

Introduction and abstract argumentation frameworks (Bart Verheij)

Break

Structured argumentation frameworks, in particular ASPIC+ (Henry Prakken)
Break

Legal deteasibility as modelled in abstract and structured argumentation frameworks
(Giovanni Sartor)

Break

Discussion



Spring School on Argumentation in Artificial Intelligence and Law

Day 2 Wednesday April 11

Legal argumentation

8:30 Cases & Rules: HYPO, CATO and beyond (Henry Prakken)
10:00  Break
10:30  Case models (Bart Verheij)
12:00  Break
14:30 Balancing & interpretation (Giovanni Sartor)
16:00  Break
16:30  Discussion
17:30



Spring School on Argumentation in Artificial Intelligence and Law

8:30
10:00
10:30
12:00
14:30
16:00
16:30
17:30

Day 3 Thursday April 12

Evidence

Burdens of proof in the law (Giovanni Sartor)

Break

Three approaches to rational proof in criminal cases (Henry Prakken)
Break

Hybrid models of rational legal proof (Bart Verheij)

Break

Discussion



Introduction and abstract argumentation
frameworks

Bart Verheij
Institute of Artificial Intelligence and Cognitive Engineering (ALICE)

WWw.al.rug.nl/~verhei

university of faculty of mathematics
/ grOningen / and natural sciences




Introduction
Argumentation

Some history

Abstract argumentation



Argumentation

Argumentation

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

Authored by:

Frans H. van Eemeren

Bart Garssen L

Erik C. W. Krabbe e
A. Francisca Snoeck Henkemans Handbook of
Bart Verheij Argumentation

a

Jean H. M. Wagemans Theory

Chapter 11: Argumentation and Artificial Intelligence



ARGUMENT MAP SHALE GAS PRODUCTION IN EU MEMBER STATES s mm—

What is shale gas?
Shole gos is noturol gos that is
“locked” in dlay layers (sholes) in the

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

( Shole gas production helps to satisfy the growing demand for energy. O " m”gm‘::":z’:wmm Shale gas production hinders the transition to renewable energy \
00055 SO RecUCE oot Tmpors OF L - ' frocturing, or “fracking’, to create O Government in shole gos connot be spent on renewable energy.

froctures in the sholes that allow the
gos to flow out. Shale gas production
requires more water, chemicals and
more wells to be drilled compored to
conventional gos production. Shale
gas can be used in the same way os
conventional gas without any

O Shale gas production increases the enesgy supply ond thus delays the urgency to switch 1o renewable energy.
O Shale gos production reduces fossil energy peices moking energy

fmnmmwmmdwmm

Shale gas con peovide energy when renewabie energy sources foil to meet peck demand. O
Shale gas peoduction generates knowsedge for use in cther forms of energy production (e.g. geothermal). ©

Shale gas production harms the environment
O Shale gas produxction and post-production wells can lead to groundwoter contamination.

modifications to existing gas O Shale gas production requires woter and thus competes with other demands for wates,
( Shale gas production and use are relatively environmentally friendly Infrastructure. Exploratory drilling is O Shale gas peoduction o lecd to meth nd thus odd to the greenhouse effect.
Shale gos jon g Jess greenhy gas per unit of energy than cocl and oll. © needed to assess how much gas is O Shale gas production negotively impacts oir quelity during well construction and production of gos.
Technologies for reducing the environmentol impact of shale gos are and i O present and whether it con be O Shale gas production uses chemicals which may horm the enviconment.

Domestk shale gas production reduces long-distance transport of imported energy. © peofitably produced. The EU does
currently not take a position that
either hinders or promotes

shale gas production.

mwmmwummm\

O Shale gas production requires welis to be drilled, which are biots on the landscape and require spoce.
O Shale gas peoduction requires transport and drilling, which offect the envi t and hinder

Domestic shale gas production increases control over environmental impact of energy production

High environmental standards for shale gas production in the EU can lead to better standards worldwide. O
i¢ shole gas p may have less Impact than energy production elsewhere. O

What are

Shale gas production is o hazard to employees and residents \

the arguments for
rmhwmhmmy d 9 t ducti O shale gas production poses a risk of earth tremors and reactivotion of foults.
Shale gas production uses common technologles, which kmits safety risks. © and against production O Harmful substonces in the shale loyer, like rodioactive materiols, moy come 1o the surface.
Shale gas p con lead to addi | in the of the gas infrostructure. © of shale gas for EU O Shale gas production has sa!ev risks, while little is known obout effective measures to address accidents,

Shale gos production can be monitored real time and odjusted if necessary, which Emits safety risks. @ member states 2 Thesivol - - sohlvio

with shale gas
resources? Shale gas production is expensive and its profitability is undlear )

O Expioratory drilling costs the taxpayer money in countries where the state will co-invest in exploration.
O It is unclear how much gas con be profitably produced and whether public investments are worth making.
O Developing and Impiementing govermmental supervision comes at the taxpayer’s expense.

(* shale gas production is financially profitable for the country

The state benefits from the sale of shale gas, as shareholder, receiver of royoities or through toxes. O
Use of the existing gos transport network will be 50 public i are more p
Shale gos production can lower gas ond energy prices ond intrease people’s purchasing power. ©

Mwmmmhﬂdmvw
O House prices may fall n the vicinity of production wells. )

(* shale gas production strengthens the national economy

The country can export ge ond experience of shale gas producti
Lower energy prices due to shale gas production improve the of energy i
Shale gos glves the country more options for the distribution of gas, which con be profitable. ©

upmunnmaummmmmhumm\
O Sale of shoke gas may weoken the country's competitiveness through the rising volue of its national currency. )

Shale gas production con ottract foreign investors. © This Argument Map summorises
the arguments for ond ogainst
shale gas production for R S .
fsmnmmmumm £ enmbes Siokes witf Shale gas p can lead to political tensions
Shale gas production offers business oppertunities to locol companies close 1o the production area. O shale gos resousces. o © Part of the pubic resists shale gos production and this con couse political upheaval,
Shale gos preduction increases regional employment. O The arguments for and against +© Information ebout shale gas production is diverse and misty, therefore citizens cannot assess its impoct.

Infrastructure built to produce shale gas remoins beneficial to the locol community ofter production stops. © exploratory drilling, other than as

on initiol step in the production

RIS A Politics Mpmmmmummhmngmwwm
consideration here. This map is o O A country’s requlatory framework may not be able to cover oll aspects of shale gos production.
Shale gas production strengthens the political position of the country Politics based on literoture study and © Governmental supervision is inadequately geared to the spedific of shale gas
Shale gos prod: g the | ionol neg power of the country. O m‘ ok ufx"?":;m
Shole gos teduces the dep on gas supply from gas exporting munmes.oo wgmonlnn porticpants for : Shale gas production can create international tensions
Shale gos gthens the sense of ind ond of itizens. O

thelr contribution. o © Shale gas p may neg y o the ond safety in neighbouring countries.

e TNO 5 ~ B iy Wy S 2




Mary is owner
A

Mary is original owner

John is owner

A

Pros
Cons

John is t

ne buyer




Mary is owner
A

~—e John is owner

Mary is original owner

Pros
Cons

A

4

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.



i

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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W ArguMed - maryAndlohn.def

File Edit Options
E |

? 2B 8B L

a0 S

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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Introduction
Argumentation

Some history
Abstract argumentation



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”.

/N I[ l} -.




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 A
S to believe Q.

(2.3) R is a defeater for P as a prima .
facie reason for Q if and only if P is a TO BUILD
reason for S to believe Q and R is e

logically consistent with P but (P & R)
is 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.
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Dung’s admissible sets

\m

" .ff"’i.g

Admissible, e.g.: {o, v}, {a, v, 5, £, 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 8 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 a, 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.



N,
o ;Zy x:(g

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)

. .\I_ o
. out ® ﬂ(.

R S



The attack relation as a
directed graph (Dung)

. Q\I_ @
‘ out ® §X.

R S



The attack relation as a
directed graph (Dung)

A
* ]



The attack relation as a
directed graph (Dung)

A
* ]



The attack relation as a
directed graph (Dung)

A
* ]



The attack relation as a
directed graph (Dung)

N
[

@ ®:

in

®
‘ out
G

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?)



Labelings

04
o ®n
B
® —X@®35
I
@ ®c
Stages, e.g.: B(), aB)y, a(B)yd(e)ln

Non-stages, e.g.: By, B (d¢)



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, v,}
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.

= Whe

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

(1995)

Grounded extension

Stable extension

N

y

\

Preferred

extension

Complete extension

Dung 1995



Abstract argumentation semantics

(1996)

Stable extension

A4

Semi-stable extension

Grounded extension

\

Preferred extension

Complete extension

Stage extension

Dung 1995
Verheij 1996



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




Argumentation semantics (2003)

M
Stable —— \
cC ——> §

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

DefLog Verheij 2003
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Introduction and abstract argumentation
frameworks

Bart Verheij
Institute of Artificial Intelligence and Cognitive Engineering (ALICE)

WWw.al.rug.nl/~verhei

university of faculty of mathematics
/ grOningen / and natural sciences




Spring School on Argumentation in Artificial Intelligence and Law

8:30
10:00
10:30
12:00
14:30

16:00
16:30
17:30

Day 1 Tuesday April 10

Abstract and structured formal frameworks for argumentation

Introduction and abstract argumentation frameworks (Bart Verheij)

Break

Structured argumentation frameworks, in particular ASPIC+ (Henry Prakken)
Break

Legal deteasibility as modelled in abstract and structured argumentation frameworks
(Giovanni Sartor)

Break

Discussion



Readings

Introduction
Inaugural lecture 2017
http://www.ai.rug.nl/~verheij/oratie/
Argumentation
Some history
Abstract argumentation
Van Eemeren et al 2014 chapter 11
Van Eemeren and Verheij 2017
http://www.ai.rug.nl/~verheij/sysu2018/
Semi-stable and stage semantics
Verheij 1996 NAIC 1996
http://www.ai.rug.nl/~verheij/publications/cd96.htm
Labelings

Verheij 2007 1JCAI
http://www.ai.rug.nl/~verheij/publications/ijcai2007.htm



