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Before we begin

Je n’ai fait celle-ci plus longue que parce que je n’ai pas eu le loisir
de la faire plus courte.

Blaise Pascal, "Lettres Provinciales" (1657)
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Before we begin

My to do list for formal argumentation
1. Formal argumentation as foundations for informal one?
2. Argumentation as inference vs argumentation as dialogue?
3. Pro & con vs attack graphs
4. Multi-valued argumentation: translations, bilattices
5. Aligning Dung AF and ADF research
6. Structured argumentation: prioritized rules: translations?
7. Representation results
8. Quantitative agenda
9. Dynamic agenda: AF can learn from ADF? (e.g. AFT)
10. Sequence semantics, attack semantics, defense semantics,

update semantics, multi-sorted argumentation, Triple-A, . . .
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Before we begin

Why I don’t use ADFs:

My favourite papers on argumentation semantics
I Dung 1995 and extensions ADF
I Baroni 2005 context (with translation) ???
I Baroni 2007 principles ???
I Baroni 2014 interface, IO (with translation) ???
I Amgoud ranking ???
I Dynamic semantics ???

4



Outline

HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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COMMA 2014

7



COMMA handbook
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COMMA handbook, volume 1
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COMMA handbook, volume 1 (ctd)
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COMMA handbook, volume 2

First volume will be a stimulus for formal argumentation research
I First volume is baseline for the chapters in the second volume
I Also research in informal argumentation, e.g. ECA community
I Mathematical analysis

(unify structured theories, generalise, axiomatic analysis, . . . )

Three research programs in volume 2:
1. Extensions of Dung’s framework and abstract semantics
2. Numerical argumentation and strength of arguments & attacks
3. Dynamics of argumentation and dialogue
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HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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Dung

13



Dung’s theory in the handbook

I Dung’s theory (mainly, its framework and language)
constitutes a turning point for the modern stage of formal
argumentation theory.

I Like possible worlds semantics for theory of modality.
I Nothing can remain the same as before [Dung, 1995].

I It should be a focal point of reference for any study of
argumentation, even if (especially if) it is critical about it.

I In modal logics, the introduction of the possible worlds
semantics has led to a paradigm shift, both in tools and new
subjects of studies.

I This is still not fully accepted in formal argumentation theory.
I The handbook will reflect the new stage of the development of

formal argumentation theory.
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Dung’s theory

A	 B	

C	 D	 E	

Slide by Henry Prakken 

Structured	Argumenta9on	
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Dung’s theory

We should lower taxes 

Lower taxes 
increase 
productivity 

Increased 
productivity 
is good 

We should not lower taxes 

Lower taxes 
increase 
inequality 

Increased 
inequality 
is bad 

Lower taxes do 
not increase 
productivity 

Prof. P says 
that … 

Prof. P has 
political 
ambitions 

People with 
political 
ambitions 
are not 
objective  

Prof. P is not 
objective 

Increased 
inequality 
is good 

Increased 
inequality 
stimulates 
competition 

Competition 
is good 

USA lowered 
taxes but 
productivity 
decreased 

Slide by Henry Prakken 
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Example: 2-3 cycle

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, food and wine

x y = Argument x attacks argument y

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, soccer tournament

x y = Argument x attacks argument y

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, abstract

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, directionality

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, directionality

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, directionality

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, directionality

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, reinstatement

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle, reinstatement

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: 2-3 cycle

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y
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Example: agree to disagree

Complete semantics:

a b c

d

e a b c

d

e a b c

d

e
Preferred semantics:

a b c

d

e a b c

d

e
Grounded semantics:

a b c

d

e
Stable semantics:

a b c

d

e
31



Summary: Dung and dynamics

I Dynamics implicit in directionality and reinstatement
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HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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COMMA handbook, volume 1 (ctd)
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Principle-based approach, BG07, vdTorre & Vesic

Two problems:
I Choice problem: If there are many semantics, then how to

choose one semantics from this set of alternatives in a
particular application?

I Search problem: How to guide the search for new and
hopefully better argumentation semantics?

Classification argumentation semantics based on principles.
I AKA axiomatic (e.g. voting), or postulate based (e.g. AGM).

E.g., the principle of resolution was defined, well before resolution
based semantics were defined
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Principle-based approach, BG07, vdTorre & Vesic

Defence Admiss.
Strong
adm.

Naivety
Ind.
CF

Reinst.
Weak
reinst.

CF-
-reinst.

complete X X × × × X X X
grounded X X X × × X X X
preferred X X × × × X X X
stable X X × X × X X X

semi-stable X X × × × X X X
ideal X X × × × X X X
eager X X × × × X X X

p-complete X X × × X × × ×
p-grounded X X X × X × × ×
p-preferred X X × × X × × ×
p-stable X X × X X X X X

naive × × × X × × × X
CF2 × × × X × × X X
stage × × × X × × × X
stage2 × × × X × × X X

Table: Admissibility and reinstatement
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Admissibility vs naive based semantics

a b a b

ambiguity propagation ambiguity blocking

A derived gunfight rule:

I if some attacker is
x y

then not
x y
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Principle-based approach, BG07, vdTorre & Vesic

I-max.
Allowing
abstention

Crash
resistance

Non-
-interference

Direct.
Weak-
-direct.

Semi-
-direct.

complete × X X X X X X
grounded X X X X X X X
preferred X × X X X X X
stable X × × × × X ×
semi-stable X × X X × × ×
ideal X X X X X X X
eager X X X X X X X

p-complete × X X X × × X
p-grounded X X X X X X X
p-preferred X × X X × × X
p-stable X × × × × X ×
naive X × X X × × X
CF2 X × X X X X X
stage X × X X × × ×
stage2 X × X X X X X

Table: Directionality
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Principle-based approach, BG07, vdTorre & Vesic

�E
∩-sk. ad. �E

W -sk. ad. �E
S -sk. ad. �E

∩-res. ad. �E
W -res. ad. �E

S -res. ad.
complete X X × × × ×
grounded X X X × × ×
preferred × × × X X X
stable X X × X X X

semi-stable × × × X X ×
ideal × × × × × ×
eager × × × × × ×
p-complete × × × × × ×
p-grounded × × × X × ×
p-preferred × × × × × ×
p-stable × × × X X ×
naive X X X X X X
CF2 X X × × × ×
stage × × × X X ×
stage2 × × × × × ×

Table: Skepticism and resolution adequacy
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Principle-based approach, BG07, vdTorre & Vesic

Succinctness Tightness
Conflict-

-sensitiveness
Com-
-closure

SCC-
-recursiveness

Cardinality

complete × × × X X 1+
grounded × X X X X 1
preferred × × X X X 1+
stable × X X X X 0+
semi-stable × × X X × 1+
ideal × X X X × 1
eager × X X X × 1+
p-complete × × × × × 1+
p-grounded × X X X × 1
p-preferred × X X X × 1+
p-stable × X X X × 0+

naive × X X X × 1+
CF2 X X X X X 1+
stage × X X X × 1+
stage2 X X X X X 1+

Table: SCC recursiveness

40



Principle-based approach, BG07, vdTorre & Vesic

Definition (Semantics)

An extension-based semantics is a function σ such that for every
argumentation framework F = (A,R), we have σ(F) ∈ 22A .
The elements of σ(F) are called extensions.

The principle-based approach consists of three steps.

1. Define a general function with domain and codomain.
I This function will be the object of study.

2. Define the principles.
I Existing functions can be checked against the principles,
I New functions can be defined satisfying given sets of principles.

3. Classify and study sets of principles.
I Representation theorems for sets of principles can be defined.
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Principle-based approach, BG07, vdTorre & Vesic

Definition (Semantics)

An extension-based semantics is a function σ such that for every
argumentation framework F = (A,R), we have σ(F) ∈ 22A .
The elements of σ(F) are called extensions.

Note:
I Not every function can be used as an argumentation semantics.
I A semantics is fundamentally different from a principle.
I Many more semantics can be defined.
I Principles are not necessarily requirements or postulates.
I Lack of AGM style representation theorems and similar results.

42



Labeling-based semantics

Definition (Semantics)

A labeling-based semantics is a function σ such that for every
argumentation framework F = (A,R), we have σ(F) ⊆ Lab,
where Lab is the set of functions from A to {in, out, undec}.
The elements of σ(F) are called labelings.

Standard reduction:
I Argument is accepted iff in, rejected iff out or undec
I Argument is in iff accepted, out iff rejected and one of its

attackers is accepted, undec otherwise

Label depends only on labels of its attackers (gunfight rules).

Alternative reductions
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Principles in COMMA handbook, volume 2

Three research programs:
1. Extensions of Dung’s framework

Rarely lifted to principle-based approach
(exceptions: bipolar argumentation, ranking based semantics)

2. Numerical argumentation: strength of arguments and attacks
Bochum16 workshop: no principle-based approach yet

3. Dynamics of argumentation and dialogue
The Madeira workshops: mainly inspired by belief revision
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HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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Dynamic principles

When is a point of view on argument acceptance robust
w.r.t. addition/removal of attacks?

Examples:
I Guido Boella, Souhila Kaci, Leon van der Torre: Dynamics in

Argumentation with Single Extensions: Attack Refinement and
the Grounded Extension (Extended Version). ArgMAS 2009:
150-159

I Tjitze Rienstra, Chiaki Sakama, Leon van der Torre:
Persistence and Monotony Properties of Argumentation
Semantics. TAFA 2015: 211-225
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Our running example

We use green, red and yellow to depict in, out and undecided
arguments.

a b c

d

e

: L1

a b c

d

e

: L2

a b c

d

e

: L3

Complete Grounded Preferred Semi-Stable Stable
L1 3 3 3 3

L2 3 3

L3 3 3
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Addition Persistence Properties

Definition (XY Addition Persistence)

A semantics σ satisfies XY addition persistence iff every σ la-
belling of an AF F in which x is labelled X and y is labelled Y
is still a σ labelling of F after adding an attack from x to y .
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Addition Persistence Properties

Introduce a conflict.

Failure of II-addition persistence

ba a b

Failure of IU-addition persistence

ba a b

Failure of UI-addition persistence

ba a b
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Addition Persistence Properties

As we just saw, some properties fail:

I II-addition persistence
I IU-addition persistence
I UI-addition persistence

 These cases fail because they introduce a conflict.

Other properties reflect reasonable principles:

I OO-addition persistence
I OU-addition persistence
I OI-addition persistence
I IO-addition persistence
I UO-addition persistence
I OO-addition persistence


In these cases the added attack doesn’t introduce a
conflict, and doesn’t invalidate the justification of the
attacked argument’s label.

Are these properties satisfied by the semantics we consider?
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Addition Persistence Properties

Grounded:

X
O U I

Y
O 3 3 3

U 3 3 -
I - - -

Complete:

X
O U I

Y
O 3 3 3

U 3 3 -
I 3 - -

Preferred:

X
O U I

Y
O 3 3 3

U 3 - -
I 3 - -

Semi-Stable:

X
O U I

Y
O - - -
U - - -
I - - -
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Addition Persistence Properties

Grounded:

X
O U I

Y
O 3 3 3

U 3 3 -
I - - -

Complete:

X
O U I

Y
O 3 3 3

U 3 3 -
I 3 - -

Preferred:

X
O U I

Y
O 3 3 3

U 3 - -
I 3 - -

Semi-Stable:

X
O U I

Y
O - - -
U - - -
I - - -
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Addition Persistence Properties

Failure of OI addition persistence under grounded seman-
tics.

After adding an attack from a to b there is a new grounded
labelling:

a b a b
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Addition Persistence Properties

Grounded:

X
O U I

Y
O 3 3 3

U 3 3 -
I - - -

Complete:

X
O U I

Y
O 3 3 3

U 3 3 -
I 3 - -

Preferred:

X
O U I

Y
O 3 3 3

U 3 - -
I 3 - -

Semi-Stable:

X
O U I

Y
O - - -
U - - -
I - - -
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Addition Persistence Properties

Failure of UU addition persistence under the preferred se-
mantics.

After adding an attack from a to b there is a new preferred la-
belling:

a b a b
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Removal Persistence Properties

Grounded:

X
O U I

Y
O 3 3 -
U 3 - 3

I 3 3 3

Complete:

X
O U I

Y
O 3 3 -
U 3 - 3

I 3 3 3

Preferred:

X
O U I

Y
O 3 3 -
U 3 - 3

I 3 3 3

Semi-Stable:

X
O U I

Y
O - - -
U - - 3

I - 3 3
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Skeptical Monotony Properties

Grounded:

X
O U I

Y
O 3 3 3

U 3 3 -
I - - -

Complete:

X
O U I

Y
O 3 3 3

U 3 - -
I - - -

Preferred:

X
O U I

Y
O - - -
U - - -
I - - -

Semi-Stable:

X
O U I

Y
O - - -
U - - -
I - - -
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Skeptical Monotony Properties

Grounded:

X
O U I

Y
O 3 3 3

U 3 3 -
I - - -

Complete:

X
O U I

Y
O 3 3 3

U 3 - -
I - - -

Preferred:

X
O U I

Y
O - - -
U - - -
I - - -

Semi-Stable:

X
O U I

Y
O - - -
U - - -
I - - -
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Skeptical Monotony Properties

Failure of OO skeptical monotony under the preferred se-
mantics

The following AF has one preferred labelling:

b

a c

The arguments b and c are both labelled O. If we add an attack
c  b then we obtain a new preferred labelling:

b

a c
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Summary: Dung, principles and dynamics

I Dynamics implicit in directionality and reinstatement
I Many principles have a dynamic flavor
I New dynamic principles based on expansion and contraction
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HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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Semantic equivalence

Two frameworks are equivalent if they have the same extensions.
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The puzzle of Dung’s theory

Do these two argumentation frameworks mean the same?

I Reinstatement (a is the reason for accepting c)

a b c

I Independent arguments (a is not a reason for accepting c)

a b c

Does argumentation semantics cover all aspects of the meaning?

63



Equivalence

Two frameworks are strongly equivalent if each expansion has the
same extensions.

The two frameworks are not strongly equivalent:
I Reinstatement (a was the reason for accepting c)

x a b c

I Independent arguments (a was not a reason for accepting c)

x a b c
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Baumann’s chapter in HOFA
82 Ringo Baumann

dstgp dstbp dssp degp dadp dprp dilp dgrp dcop dnap dcf2pdstg2p

? [1,3] ? ? [2,1] [3,1] ? ? [2,1] ? ? ?

k∗(stg) [4,9] k(ad) k(ad) k(ad) k(ad) k(ad) [4,10] [4,11] k(na) ? ?

k(stb) k(stb) k(ad) k(ad) k(ad) k(ad) k(ad) k(gr) k(co) k(na) id id

k(stb) k(stb) k(ad) k(ad) k(ad) k(ad) k(ad) k(gr) k(co) k(na) id id

k(stb) k(stb) k(ad) k(ad) k∗(ad) k∗(ad) k∗(ad) k∗(gr) k∗(co) k(na) ? ?

? k(stb) ? ?
k∗(ad)

L,Attad
? ?

k∗(gr)

L,Attgr

k∗(co)

L,Attco
? ? ?

id id id id id id id id id id id id

id id id id id id id id id id id id

id id id id id id id id id id id id

W

L

E

N

S

ND

D

LD

U

Figure 12: Extension-based Characterizations for Finite AFs

Remember that any arbitrary expansion (deletion) can be split into a normal
and local part. So one natural conjecture is that normal and local expansion
(deletion) equivalence jointly imply expansion (deletion) equivalence. Using
the results presented in this section we can not only verify the addressed con-
jecture but even give a significantly stronger result. In fact, the main and quite
surprisingly relations for the considered semantics can be briefly and concisely
stated in the following two equations, namely “normal expansion equivalence =
expansion equivalence” and “local deletion equivalence = deletion equivalence”.

The fact that different notions of equivalence might or might not coincide is
interesting from a conceptual point of view. To illustrate this let us have a look
at normal and strong expansion equivalence. Recall that normal expansions add
new arguments and possibly new attacks which involve at least one of the fresh
arguments, while strong expansions (a subclass of normal expansions) restrict
the possible attacks between the new arguments and the old ones to a single
direction. In dynamic settings, both concepts can be justified in the sense that
new arguments might be raised but this will not influence the relation between
already existing arguments. For strong expansions, only strong arguments will
be raised, i.e. arguments which cannot be attacked by existing ones. The
corresponding equivalence notions now check whether two AFs are “equally
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Summary: Dung, principles, equivalence and dynamics

I Dynamics implicit in directionality and reinstatement
I Many principles have a dynamic flavor
I New dynamic principles based on expansion and contraction
I Strong equivalence based on framework expansion
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HOFA: Handbook Of Formal Argumentation

Dung’s theory of abstract argumentation

Principle-based approach for abstract argumentation

Dynamic principles

Equivalence of argumentation frameworks

Dynamic argumentation semantics
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Dynamic semantics (New!)

Inspired by attack semantics (Villata et al, 2011) and AFRA:

Definition (Semantics)

A dynamic semantics is a function d from argumentation frame-
works to sets of its sub-frameworks, i.e. if (A′,R′) ∈ d(A,R),
then we have A′ ⊆ A and R′ ⊆ R.

Note:
I Extension is also a (trivial) graph

I thus extension based semantics is special case

I Since domain = codomain, we can iterate!
I New idea: static semantics is fixpoint of this dynamic relation
I E.g. dynamic relation is breaking cycles
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Five valued semantics

a b c

d

e

a b c

d

e

a b c

d

e

a b c

d

e

a b c

d

e

a b c

d

e
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Two valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Two valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Two valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Two valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Two valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y
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Two valued semantics

x y = Argument x attacks argument y

a b c

d

e

Gunfight rules:

I if all attackers are
x y
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I if
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Two valued semantics
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Two valued semantics

x y = Argument x attacks argument y

a b c
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e

Gunfight rules:

I if all attackers are
x y

then
x y

I if some attacker is
x y

then
x y

I if
x y

and no
x y

then
x y

85



Two valued semantics

a b c

d

e

a b c

d

e

a b c

d

e

a b c

d

e

a b c

d

e
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Analysis

Principles for dynamic semantics, e.g.:
I Update relation is a tree, not a graph

Comparing dynamic semantics, e.g.:
I One update relation is a refinement of another one

Equivalence
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Summary

I Formal foundations of abstract argumentation have just begun
I Two key challenges are strengths of arguments and dynamics
I Dynamics in Dung’s theory: principles and strong equivalence
I Making dynamics explicit: dynamic argumentation semantics

I Static semantics is fixpoint of dynamic semantics
I Dynamic updates as breaking cycles
I Five valued labelings (and more)
I Two valued updates: remove attacks on accepted arguments
I Update principles and comparing update functions

I Next: relate with algorithms, dialogue games, . . .
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To do

My to do list for formal argumentation
1. Formal argumentation as foundations for informal one?
2. Argumentation as inference vs argumentation as dialogue?
3. Pro & con vs attack graphs
4. Multi-valued argumentation: translations, bilattices
5. Aligning Dung AF and ADF research (next slide)
6. Structured argumentation: prioritized rules: translations?
7. Representation results
8. Quantitative agenda
9. Dynamic agenda: AF can learn from ADF? (e.g. AFT)
10. Sequence semantics, attack semantics, defense semantics,

update semantics, multi-sorted argumentation, Triple-A, . . .
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To do

Is there a separation between Dung AF and ADF?

My favourite papers on argumentation semantics
I Dung 1995 and extensions ADF
I Baroni 2005 context (with translation) ???
I Baroni 2007 principles ???
I Baroni 2014 interface, IO (with translation) ???
I Amgoud ranking ???
I Dynamic semantics ???
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Further research: stream semantics
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Further research: defence semantics

Beishui Liao and Leon van der Torre. Defense semantics of
argumentation: encoding reasons for accepting arguments.
Workshop on mining and reasoning with legal texts
(MIREL@ICAIL2017).
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Further research: multi-agent argumentation

Ryuta Arisaka, Ken Satoh and Leon van der Torre. Abstract Agent
Argumentation (Triple-A). Workshop on mining and reasoning with
legal texts (MIREL@ICAIL2017).
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Does this theory have applications?
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ArchiMate book (2005/2009/2013/2017, GS 1405 citations)
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ArchiMate tools

Example ArchiMate model in Bizzdesign Architect.
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ArchiSurance: ArchiMate model
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ArchiSurance: ArchiMate model
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Decision Support System

Empirical study:
I Qualitative/quantitative questionnaire (35 architects).1

I List of eight characteristics.

EA Planning is difficult:

I Highly uncertain plans (long-term) with many assumptions.

I Rapidly changing environment.

I Many stakeholders.

1Insights from a Study on Decision Making in Enterprise Architecture (Dirk van der Linden, Marc van
Zee), In Proceedings of the 8th IFIP WG 8.1 Working Conference on the Practice of Enterprise
Modeling (PoEM), 2015.

99



ArchiMate Change Management

Change management process
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Why is Dung’s theory so popular?

I Many people have criticized Dung
I Many people have extended Dung

I Preferences, higher order, collective attack, numbers,
structured, . . .

I But Dung’s theory has shown to be very robust
I E.g. flattening based reductions

≡ a x cy

b

a b c

Fig. 6. Second-order attack pattern (Example 5).

Example 7. Consider the argumentation pattern 〈A,M,C〉, visualized in Fig. 7.a,
where A = {b, d}. The pattern is given by multi-labeling M(b) = M(d) = {∈
, 6∈, ?} together with an empty set of constraints. The two sorted argumentation
framework is 〈A,B,→〉 with

A = {b, d}, B = A ∪ {a, c}

a→ b, b→ a, c→ d, d→ c

Consider now another pattern, represented in Fig. 7.b, where A = {b, d}. The
pattern is given by multi-labeling M(b) = M(d) = {∈, 6∈, ?} together with the
following constraint:

(d∈ ⇐ b 6∈) ∧ (b∈ ⇐ d6∈)

Consider now the introduction of argument e which is attacked by the two
arguments b, d of the pattern. In the first case, argument e can have any label
{∈, 6∈, ?} while in the second case, it cannot be ∈, since b and d cannot both be 6∈,
as given by the constraint of the pattern. Fig. 7 shows in the tables the labelings
allowed for each pattern. The two patterns have the same set of arguments and
the same multi-labeling but distinct constraints. Notice that only a subset of the
labelings satisfying the constraints of the first pattern satisfies the constraints
of the second pattern.

Example 8. Consider the two two-sorted AF:

1. a single focal argument a, no attacks,
2. a single focal argument a and an auxiliary argument b which attack each

other.

Moreover, consider the use of this pattern. The first should say that a is in,
the second that a is either in, out or undecided. The constraints induced by
the two multi-sorted AFs are the same (empty constraint), but the difference is
represented by the multi-label.

In the context of flattening, Gabbay [10] discusses the notion of critical sub-
sets. Given two argumentation frameworks where the set of arguments S1 of the
first AF is a subset of the set S2 of the second AF , Gabbay [10] claims that S2

is a critical subset of S1 if and only if every Caminada labeling on S2 can be
extended uniquely to a labeling on S1. This means that the additional arguments

Villata S., Boella G., van der Torre L. Argumentation Patterns. 8th International Workshop on
Argumentation in Multi-Agent Systems (ArgMAS 2011), p. 133-150, 2011.

I Compare Turing machine, possible worlds, and so on
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Explaining the popularity of Dung’s theory (reminder)

“major approaches to nonmonotonic reasoning in AI and logic
programming are special forms of our theory of argumentation”

“logic programming as well as many major formalisms to
nonmonotonic and defeasible reasoning in AI are argumentation
systems. That means that all these systems are based on the same
principle. They differ only by the structure of their arguments."

For example, [Dung 1995]’s result on default logic is as follows:

“Let T = (D,W ) be a default theory. Let E be an R-extension of
T and E ′ be a stable extension of AF (T ). Then
1. arg(E ) is a stable extension of AF (T ),
2. at(E ′) is an R-extension of T .” [Dung 1995, Theorem 43.]
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Explaining the popularity of Dung’s theory (reminder)

Definition (Representation)

Given m(T ) = {E1, . . . ,En}, a representation (AF , arg , at, sem)
consists of a function from theories to argumentation frame-
works AF (T ), a function from extensions to argument exten-
sions arg(E ), a function from argument extensions to extensions
at(E ′), and an argumentation semantics sem.
Moreover, a representation has to satisfy the condition that
arg(E ) is a sem extension of AF (T ), and at(E ′) is an exten-
sion of T .

Definition (Compositional representation)

A representation (AF , arg , at, sem) is compositional if the func-
tion AF (T ) satisfies the following condition: If T = T1 ∪ T2,
then if A1,A2 ∈ AF (T1), then A1 attacks A2 in AF(T) iff A1
attacks A2 in AF (T1).
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Explaining the popularity of Dung’s theory (reminder)

We should lower taxes 

Lower taxes 
increase 
productivity 

Increased 
productivity 
is good 

We should not lower taxes 

Lower taxes 
increase 
inequality 

Increased 
inequality 
is bad 

Lower taxes do 
not increase 
productivity 

Prof. P says 
that … 

Prof. P has 
political 
ambitions 

People with 
political 
ambitions 
are not 
objective  

Prof. P is not 
objective 

Increased 
inequality 
is good 

Increased 
inequality 
stimulates 
competition 

Competition 
is good 

USA lowered 
taxes but 
productivity 
decreased 

Slide by Henry Prakken 
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Explaining the popularity of Dung’s theory (reminder)

Sanjay Modgil and Henry Prakken, ASPIC+ tutorial in Special Issue
of Argumentation and Computation, 2014

Argument and Computation 37

q

r

pn

pn

d1

s1

A1A2A3

A1: p

A2 : A1 q

A3 : A   , 1 A  2 r

Figure 1. An argument.

Conc(A) = ψ ,
Sub(A) = Sub(A1) ∪ . . . ∪ Sub(An) ∪ {A},
DefRules(A) = DefRules(A1) ∪ . . . ∪ DefRules(An) ∪ {Conc(A1), . . .

Conc(An) ⇒ ψ},
TopRule(A) = Conc(A1), . . .Conc(An) ⇒ ψ .

Example 3.7 Consider a knowledge base in an argumentation system with L consisting
of p, q, r, s, t, u, v, w, x, d1, d2, d3, d4, d5, d6 and their negations, with Rs = {s1, s2} and Rd =
{d1, d2, d3, d4, d5, d6}, where

d1: p ⇒ q d4: u ⇒ v s1: p, q → r
d2: s ⇒ t d5: v, x ⇒ ¬t s2: v → ¬s
d3: t ⇒ ¬d1 d6: s ⇒ ¬p

Moreover, Kn = {p} and Kp = {s, u, x}. Note that in presenting the example, we have informally
used names di to refer to defeasible inference rules. We now define the n function that formally
assigns wff di to such rules, i.e. for any rule informally referred to as di, we have that n(di) = di,
so that ‘n(d1) = d1’ is a shorthand for n(p ⇒ q) = d1. In further examples we will often specify
the n function in the same way.3

An argument for r (i.e. with conclusion r) is displayed in Figure 1, with the premises at the
bottom and the conclusion at the top of the tree. In this and the next figure, the type of premise
is indicated with a superscript and defeasible inferences, underminable premises and rebuttable
conclusions are displayed with dotted lines. The figure also displays the formal structure of the
argument. We have that

Prem(A3) = {p} DefRules(A3) = {d1}
Conc(A3) = r TopRule(A3) = s1

Sub(A3) = {A1, A2, A3}

The distinction between two kinds of inference rules and two kinds of premises motivates a
distinction into four kinds of arguments.

Definition 3.8 (Argument properties) An argument A is strict ifDefRules(A) = ∅; defeasible
if DefRules(A) .= ∅; firm if Prem(A) ⊆ Kn; plausible if Prem(A) ∩ Kp .= ∅. We write S / ϕ

if there exists a strict argument for ϕ with all premises taken from S, and S |∼ ϕ if there exists a
defeasible argument for ϕ with all premises taken from S.

Example 3.9 In Example 3.7 the argument A1 is both strict and firm, while A2 and A3 are
defeasible and firm. Furthermore, we have that K / p, K |∼ q and K |∼ r.
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