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Roadmap

What's in the words?
From the Big Bang to now
Dung’s framework

A “conflict calculus™
argumentation semantics

“Basic” semantics properties
A catalogue of semantics

Properties of semantics (so far)

Beyond Dung’s framework
(Advanced topics ?)
Conclusions
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Possible advanced topics

Taking topology seriously

Differences vs commonalities:
semantics agreement

Comparing argumentation
frameworks

Skepticism and related properties

A richer notion of justification
status

Skepticism-related criteria for
semantics

Satisfying all criteria
Computational issues



Roadmap

e \What's in the words ?
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Abstract (for good)

e General, independent of specific details,able to
capture a variety of situations
(MW: disassociated from any specific instance,
theoretical)

e In computer science, abstraction is the process by which
data and programs are defined with a representation similar
In form to its meaning (semantics), while hiding away the
Implementation details. Abstraction tries to reduce and factor
out details so that the programmer can focus on a few
concepts at a time. A system can have several abstraction
layers whereby different meanings and amounts of detall are

exposed to the programmer (Wikipedia).
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Abstract (for bad)

e Poorly related (or totally unrelated) with real
problems
(MW: insufficiently factual, difficult to understand,
abstruse)
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Argumentation (for what?)

e Argumentation is a multi-faceted word, with a
variety of informal/intuitive and also formal
meanings

e The abstraction process detaches the word from
some/most/all of its meanings and properties,
keeping only those required by the desired
abstraction level (and possibly adding other ones)

e Abstract arguments are not arguments
(or need not to be arguments)
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Abstract argumentation
In context

e Abstract argumentation is just one of the formal
components that are needed to define a
computational model of actual argumentation
processes

e It Is not sufficient for a comprehensive modeling

® ... but can stand on its feet and be studied
autonomously by its nature

e It Is not even necessary for a comprehensive
modeling (though its role should then be covered by
some other component)
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A generic model of
argumentation processes

0. Looking for argument in natural sources

1. Constructing arguments (e.g. from a set of logical
formulae, from a rule base, ...)

ldentifying important relations between arguments
Possibly exchanging arguments
Evaluating the status of the arguments

Evaluating the status of the conclusions of the
arguments

The order of these activities is not rigid and there can
be loops or jumps and skips
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A generic model of
argumentation processes
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Abstract argumentation
Evaluating the status of the arguments
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Evaluating the status of the conclusions of the
arguments
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Another view of the process

Dung’s AA
|_| .
Language Argument | |Argument Conflicts Argument Conclusion
(logic, rules, ..)| |construction |relations evaluation evaluation
> time

ﬁ Absﬁraction ﬁocess ﬁ
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An argumentation species
in the wild



Roadmap

e \What's in the words”?
e From the Big Bang to now
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The Big Bang
About 25 years ago

e Dung’s 1995 paper on Artificial Intelligence Journal
e Theory of Abstract Argumentation (AA) Frameworks

e Basic notions related to Abstract Argumentation Semantics
(conflict freeness, admissibility, 4 “traditional” semantics:
complete, grounded, stable, preferred)

e Ability to capture a variety of other (less abstract) formal
contexts:
» default logic
» logic programming with negation as failure
» defeasible reasoning
» N-person games
» stable-marriage problem
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The explosion

e Not an easy to read pa
basically simple) forma
regarded as extremely

e Huge impact on the lite

per, but a very general (and
Ism with ideas and results

powerful
rature (1818 citations WoS,

2657 Scopus, 4450 Google Scholar)

e Probably the most cited paper in the computational
argumentation literature

e Originated entire new research lines: many
followers (and some criticisms)
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The AA universe

Abstract “Traditional”
argumentation | semantics
framework notions

“New” semantics
Formalisms and
properties for old and
new semantics

Extensions/variations
of the definition of the
basic framework (and
relevant semantics)
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A note on notation

e There Is no universally adopted notation even for
the most basic concepts

e The slides include excerpts taken directly from the
original papers and reflect all these differences

e Should not be too mysterious ...
® ... some notes along the way
e for any doubt, please ask
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Roadmap

e \What's in the words”?
e From the Big Bang to now
e Dung’s framework
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Dung’s framework is
(almost) nothing

Definition 2. An argumentation framework 1s a pair

AF = (AR, attacks)

where AR is a set of arguments, and arracks is a binary relation on AR, i.e.
attacks C AR X AR.

e A directed graph (called defeat graph) where:
» arcs are interpreted as attacks

» nodes are called arguments “by chance” (let say historical
reasons)

Here, an argument is an abstract entity
whose role is solely determined by its relations to other arguments. No special
attention is paid to the internal structure of the arguments.

Abstract Argumentation — P. Baroni



Dung’s framework is
(almost) nothing
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Dung’s framework is
(almost) everything

e Arguments are simply “conflictables”

e Conflicts are everywhere

e Conflict management is a fundamental need with
potential spectacular/miserable failures both in real
life and in formal contexts (e.g. in classical logic)

e A general abstract framework centered on conflicts
has a wide range of potential applications
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Dung’s framework is
(almost) everything

e The pervasiveness of Dung’s framework and
semantics is witnessed by the correspondences
drawn In the original paper with a variety of other
formal contexts

e Many extensions and variations of Dung’s
framework allow a translation procedure back to the
original framework to exploit its basic features
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A conflict calculus: abstract
argumentation semantics

e A way to identify sets of arguments “surviving the
conflict together” given the conflict relation only

e In general, several choices of sets of “surviving
arguments” are possible

e Two main styles for semantics definition: extension-
based and labelling-based

e These points will be discussed extensively after
some “user instructions”
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AA user manual

1. ldentify an interesting application domain where conflict
management plays a key role

2. Define a suitable formalization of problem instances in the
selected domain

3. Define the notions of argument and attack in your
formalization, I.e. a translation/abstraction method from
problem instances to argumentation frameworks

4. Play at your will with “conflict calculus” at abstract level

5. Map back the results of “conflict calculus” (extensions or
labellings) into entities at the problem level

6. Are they meaningful? Do they provide useful/original
perspectives? Did you avoid to reinvent the wheel?
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An example:
the stable marriage problem

e Steps 1 and 2

Given two sets M and W of » men and n women respectively. The stable
marriage problem (SMP) is the problem of finding a way to arrange the marriage
for the men and women in M and W. where it is assumed that all the men and
women in M and W have expressed mutual preference (each man must say how
he feels about each woman and vice versa).” The marriages have to be stable in
the sense that, if for example A is married to B. then all those whom A prefers to
B must be married to someone whom they prefer to A. Formally, a solution to
the SMP is a one-one correspondence § : M — W such that there exists no pair
(m, w) € M x W such that m prefers w to S(m) and w prefers m to S~ '(w).
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An example:
the stable marriage problem

e Step 3

AR=MxW .
artacks C AR X AR:
(C, D) attacks (A. B) 1iff (1) A=C and A prefers D to B, or
(2) D =08 and B prefers C to A .
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An example:
the stable marriage problem

e Steps 4 and 5

Theorem 39. A set S C AR constitutes a solution to the SMP iff S is a stable
extension of the corresponding argumentation framework.
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An example:
the stable marriage problem

® Step 6

To demonstrate once more that there are practically relevant argumentation
systems which have no stable semantics. in the following we introduce the Stable
Marriage Problem with Gays (SMPG) which is a modification of the SMP in
which individuals of the same sex can be married to each other. The condition for
the stability of a marriage is defined as in the SMP. The problem now is finding a
way to arrange the marriage for a maximal number of persons. In contrast to the
SMP, the SMPG corresponds to the problem of finding a preferred extension in
an argumentation framework AF = (AR, attacks) with AR = P X P where P is the
set of persons involved and attacks is defined as in the SMP. The following

example shows that in general, the argumentation framework corresponding to an
SMPG has no stable semantics.
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An example:
the stable marriage problem

® Step 6

Let P={m,w, p,, p,. p.} where m is a man, w is a woman. For short we say
that x loves y if x prefers y to all others. Suppose that m and w are in love with
¢ach other. Further suppose that there is a love triangle between p, p, and p, as
follows: p, loves p,, p, loves p, and p, loves p,. So it is not difficult to see that
there is no way to arrange a stable marriage for any among p,. p, and p,. The

only stable marriage is between m and w. Indeed. the corresponding argumenta-
tion framework has exactly one preferred extension containing only the pair
(m.w).

e The notion of preferred extension provides a natural
solution to a non traditional version of the marriage
problem
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Roadmap

e \What's in the words”?

e From the Big Bang to now

e Dung’s framework

e A “conflict calculus™ argumentation semantics
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Abstract argumentation
semantics

e A way to identify sets of arguments “surviving the
conflict together” given the conflict relation only

e Two main styles for semantics definition: extension-
based and labelling-based

® In general, several choices of sets of “surviving
arguments” are possible (multiple-status semantics)
but some semantics prescribe exactly one
extension/labelling (single status semantics)

Abstract Argumentation — P. Baroni



Extension-based semantics

e A set of extensions Is identified

e Each extension is a set of arguments which can
“survive together” or are “collectively acceptable”
l.e. represent a reasonable viewpoint

e The justification status of each argument can be
defined on the basis of its extension membership
» skeptical justification = membership in all extensions
» credulous justification = membership in one extension
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Sets of extensions
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Labelling-based semantics

e A set of labels is defined (e.g. IN, OUT,
UNDECIDED) and criteria for assigning labels to
arguments are given

e Several alternative labellings are possible

e The justification status of each argument can be
defined on the basis of its labels
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Labelling-based semantics




Labelling-based semantics
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Labelling-based semantics
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Labellings vs. extensions

e |Labellings based on {IN, OUT, UNDEC} and
extensions can be put in direct correspondence

e Given a labelling L, LabToEXxt(L) = Iin(L)

e Given an extension E, a labelling L=ExtTolLab(E)
can be defined as follows:
in(L)=E
out(L)=attacked(E)
undec(L)=all other arguments
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions
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Labellings vs. extensions




Labellings vs. extensions
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Detining argumentation semantics

e Many different proposals in the literature,
corresponding to different intuitions

e There are cases where "every" literature semantics
gives a different outcome

e How (and in how many ways) would you colour this
graph?

PG GL Y @
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Analyzing argumentation
semantics

e A catalogue of literature semantics is not
Immediately useful since different semantics
definitions don'’t follow a common pattern and are
not directly comparable

e To start, examining a set of general properties
driving the definition (or marking the differences) of
argumentation semantics is more useful

® Focus on extension-based definition
e \We will look at the semantics catalogue after that

Abstract Argumentation — P. Baroni



Roadmap

e \What's in the words?

e From the Big Bang to now

e Dung’s framework

e A “conflict calculus™ argumentation semantics
e "Basic” semantics properties
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Conflict freeness

e The conflict free principle states that an attacking
and an attacked argument can not stay together

Definition 8. Given an argumentation framework AF = {4, —), a set § C A is conflict-free, c
Ao, B € S such that @ — f. A semantics S satisfies the CF principle if and only if VAF, VE d
free.

ted as cf (S), iff
E is conflict-

Notational remark

s (AF) usually denotes the set of extensions
prescribed by semantics & for the argumentation
framework AF
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Conflict freeness

e The conflict free principle states that an attacking
and an attacked argument can not stay together

Definition 8. Given an argumentation framework AF = (A4, —), a set § € A is conflict-free, denoted as cf(S), iff
fle, B € S such that @ — B. A semantics S satisfies the CF principle if and only if VAF,VE € Eg(AF) E is conflict-
free.

e Very basic idea, followed by all semantics

e Minimal use of the attack relation (in fact the attack
direction does not count)

e The empty set is conflict free by definition
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Conflict freeness
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Conflict freeness




[-maximality

e A given criterion can select sets which are in a
relation of proper inclusion (this holds for conflict
freeness and for more articulated notions)

e One may consider as a constraint that no extension
IS a proper subset of another one

Definition 9. A set of extensions £ is [-maximal iff VE|, E; € £, if E{ € E; then E| = E;. A semantics S satisfies
the I-maximality criterion if and only if V AF £g(AF) is I-maximal.

e Important for some properties (e.g. to avoid triviality
In the notion of skeptical justification) but not
fundamental and poorly related with other principles
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Defense related principles:
admissibility

e To survive the conflict you should be able to defend

yourself, namely to reply to every attack with a
counterattack

e A conflict free set is admissible If it defends itself

Definition 11. Given an argumentation framework AF = (A, —)}, a set £ C A is admissible if and only if
E is conflict-free and V8 € A: g — E, E — . The set made up of all the admissible sets of AF will be denoted
as AS(AF).

Definition 12. A semantics & satisfies the admissibility criterion it VAF € Dg, VE € £5(AF) E € AS(AF), namely:
o« € E=VpB epargp(a) E— B (1)

e The attack direction counts
e The empty set is admissible by definition
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Admissibility
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Admissibility




Admissibility from a labelling
perspective

e You should have good reasons to assign IN or OUT
labels, but you are free to be undecided

e All arguments UNDECIDED is an “admissible”
labelling, as the empty set is always an admissible
set

DEFINITION 9 Let Lab be a labelling of argumentation framework (Ar, att):

® An in-labelled argument is said to be legally in iff all its attackers are labelled out.
® An out-labelled argument is said to be legally out iff it has at least one attacker that is labelled in.

DEFINITION 10 Let AF=(Ar, att) be an argumentation framework. An admissible labelling
is a labelling Lab where each in-labelled argument is legally in- and each out-labelled argument

is legally out.

Abstract Argumentation — P. Baroni



Defense related principles:
strong admissibility /defense

e Admissiblility includes self-defense

e A stronger notion of defense requires that defense
comes from other arguments which are in turn
strongly defended by other arguments

Definition 13. Given an argumentation framework AF = (4, =)}, o € A and § C A, we say that « is strongly de-
fended by S (denoted as sd{a, §)) ft VB € parapl(a) dy € S\ {a}: v — B and sd(y, S\ {a}).

Definition 14. A semantics & satisfies the strong admissibility criterion if VAF € Dg, VE € £s(AF) it holds that:

a € E = sda, E) (2)

e Rather strong requirement: defense chains rooted
IN unattacked arguments

e The empty set satisfies strong admissibility
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Strong defense

X @
B RO ¢

Abstract Argumentation — P. Baroni




Strong defense




Strong defense
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Strong defense
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Strong defense
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Defense related principles:
reinstatement

e Reinstatement concerns effectiveness (or altruism)
of defense: If you defend some argument you
should take it on board (include it in the extension)

Definition 15. A semantics & satisfies the reinstatement criterion it VAF € Dg, VE € Es5(AF) it holds that:

(VB € parpp() E — B) => ¢ € E

e Completeness requirement: can not leave out your
protected ones

e The empty set satisfies reinstatement only If there
are no unattacked arguments
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Reinstatement
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Reinstatement
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Reinstatement

Abstract Argumentation — P. Baroni



Reinstatement
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Defense related principles:
weak reinstatement

e A weaker notion of reinstatement is obtained
considering strong defense instead of defense

Definition 16. A semantics S satisfies the weak reinstatement criterion if VAF € Dg, VE € £5(AF) it holds that:

sdlo, EyY=>acE (4)
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Defense related principles:
CF reinstatement

e Reinstatement does not require explicitly conflict
freeness with the defended argument. Adding this
gives rise to CF reinstatement

Definition 17. A semantics & satisfies the CF -reinstatement criterion it VAF € Dg, VE € £s(AF) it holds that:

(VB € pargp(a) E = B) Acf(EU{e})) = a € E (5)
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Directionality

e Basic idea: arguments affect each other following the
direction of attacks.

e An argument (or set of arguments) is affected only
by Iits ancestors in the attack relation

Definition 18. Given an argumentation framework AF = (4, —), a set U C A is unattacked if and only if o
(A\U): @ — U. The set of unattacked sets of AF is denoted as /S (AF).

Definition 19. A semantics S satisfies the directionality criterion if and only if VAF = (A, —), YU € US(AF),
AES(AF, U) = E5(AFL ), where ASS(AF, U) 2 (ENU) | E € E5(AF)} € 2V,
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Directionality

e In words the restrictions of the extensions to an
unattacked part of the graph are the same whatever
IS the remaining part of the graph (if any)

e Extensions (or labellings) can be constructed locally
In suitable parts of the graph*

*Directionality implies that you may compute the restrictions of

extensions to unattacked sets without considering the rest of the graph, it
does not however always imply that there is an easy way to proceed
iIncrementally to compute the extensions for the rest of the graph

Abstract Argumentation — P. Baroni



Directionality
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Directionality
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Directionality
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Directionality
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Directionality
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A hidden principle:
language independence

e Extensions only depend on the attack relation, I.e.
on the graph topology not on argument “names” or
on other underlying properties

e Isomorphic frameworks have the same (modulo the
Isomorphism) extensions

Definition 6. Two argumentation frameworks AF; = (A4;.—} and AF; = (4,. —>) are isomorphic if and only if
there is a bijective mapping m : A; — A, such that («, f) € — if and only if (m(«). m(f)) € —1. This is denoted
as AF[ ém- AFE

Definition 7. A semantics & satisfies the language independence principle if and only if VAF; = (A, — ), VAF, =
(A>, —2): AF| =,, AF2, E5(AF2) = {M(E) | E € E5(AF)}, where M(E)={f € Ay | Ja € E, f =m(a)}.
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Implicit equal treatment

e The language independence principle implies
“equal opportunity” for arguments, i.e. that
“topologically equivalent” arguments are treated in
the same way

e No semantics can prescribe an “asymmetric” set of
extensions for a “symmetric” framework

@ ¢
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Implicit equal treatment

e If there are reasons to prefer a to 3, they should be
reflected in the topology
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Roadmap

e \What's in the words?

e From the Big Bang to now

e Dung’s framework

e A “conflict calculus™ argumentation semantics
® “Basic” semantics properties

e A catalogue of semantics
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Contlict-freeness + maximality=
naive semantics

e The so-called nalve semantics prescribes as
extensions the maximal conflict free sets of a
framework

e As already remarked, it ignores the attack direction
an so does not reflect the whole amount of available
Information

e It blatantly violates several basic principles like
admissibility and reinstatement (even for unattacked
arguments)

® In a sense, it Is not really a semantics and is not
considered in Dung’s paper
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Naive semantics
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Can naive semantics work?

e Nailve semantics makes sense when the direction of
the attacks does not count: symmetric frameworks

e In any symmetric framework maximal conflict free-
sets are reasonable extensions for any multiple-
status semantics

e If the underlying “instantiated” formalism gives rise
only to symmetric frameworks more sophisticated
semantics notions do not make any difference

e Limited utility of semantics notions or limited
expressiveness of the underlying formalism?
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A bit less naive: stage semantics

e Stage semantics prescribes as extensions the
conflict free sets with maximal range, I.e. those
maximizing the union of the extension with the
arguments it attacks (attack direction “partially
counts”)

DEFINITION 32 Let AF=(Ar, att) be an argumentation framework. A stage extension of AF is
a conflict-free set Args C Ar where Args\J Args™ is maximal (w.r.t. set inclusion) among all
conflict-free sets.

e Some “extremely naive” behavior of naive
semantics are avoided, but there are still cases
where unattacked arguments are excluded from
some extensions
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A bit less naive: stage semantics
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Defense based semantics

e Dung’s paper introduces several notions and
semantics all based on the notion of defense
(admissibllity principle) + conflict-freeness

e The direction of attacks counts!

Definition 6.
(1) An argument A € AR is acceptable with respect to a set § of arguments iff
for each argument B € AR: if B attacks A then B is attacked by §.°
(2) A conflict-free set of arguments S is admissible iff each argument in § is
acceptable with respect to 5.
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Complete semantics

e Adds to admissibility the reinstatement principle: if
you defend an argument you have to include it

Definition 23. An admissible set S of arguments is called a complete extension iff
each argument. which is acceptable with respect to S, belongs to S.

e The empty set is complete only if there are no
unattacked arguments

e Completeness does not imply I-maximality: a
complete extension can be a proper subset of
another one (obtained adding some self-defending
set of arguments)
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Admissibility and completeness
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Admissible sets: { {}, {a}, {€}, {a,y}, {a,0}, {€,B}, {o,y,0} }

Complete extensions: { {}, {&,p}, {o,y,0} }
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Admissibility and completeness

{o,y} Is admissible but not complete
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Admissibility and completeness
Admissible sets:

UL 10, 10, 18], 10LY ), {0L0], {0LES, 17,0}, {0LY,0], {0LY,E} |

Complete extensions: {{a,y}, {a,y,0}, {a.,y,€} }
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Admissibility and completeness
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{o,y} IS admissible and complete
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Admissibility and completeness
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{a,y,0} IS also admissible and complete
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Grounded semantics:
accepting only the unquestionable

e Given that complete extensions satisfy some basic
properties, if one wants to be cautious s/he has to
choose the smallest (wrt inclusion) complete
extension

e Actually, it can be proved that there is a unique
smallest complete extension, called grounded
extension

e S0 grounded semantics belongs to the unigue-
status approach
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Grounded semantics:
unquestionable=strong detense

e Dung’s definition of grounded semantics takes
another route

e First, the characteristic function of a framework
associates with a set S the arguments it defends

Definition 16. The characteristic function, denoted by F,,, of an argumentation
framework AF = ( AR, attacks) 1s defined as follows:

F , qr’.R

AR
AF = -

— )

F,.(8)={A|A is acceptable with respect to §) .
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Grounded semantics:
unquestionable=strong detense

® The characteristic function is well-behaved

Lemma 19. F , is monoionic (with respect to set inclusion).

e This entails that it has a least fixed point, which, by
definition, Is called grounded extension

Definition 20. The grounded extension of an argumentation framework AF,
denoted by GE ,,. is the least fixed point of F,,.

e It can be proved that the least fixed point of the
characteristic function coincides with the least
complete extension
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Grounded semantics:
unquestionable=strong detense

e This has a rather intuitive counterpart: start
computing the arguments defended by the empty
set, repeat the computation (i.e. find the arguments
defended by them), and so on, until you reach a
fixed point

e For finitary frameworks the grounded extension can

pe obtained as:

~AR(Far(- . Fap(9)...)

ProrosITION 7 The grounded extension of any fimitary argumentation framework is equal (o

Ui—1. . F0), where FY(0)= F(0) and for i =1 Fi0)= F(F™ ().
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Computing the grounded extension
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Computing the grounded extension
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omputing the grounded extension
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Computing the grounded extension
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Horror vacui: stable semantics

e Stable semantics prescribes that any argument Is
either in the extension or attacked by the extension

e In the labelling version: no argument is undecided

Definition 13. A conflict-free set of arguments S is called a stable extension iff §
attacks each argument which does not belong 1o §.

e In general there are several stable extensions

e Any stable extension is admissible and complete
(hence it includes the grounded extension)
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A stable extension
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Another stable extension
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Being bold is not always possible

e The very strong requirement posed by stable
semantics In some cases IS not satisfiable

e The empty set is not the “most basic” extension
(unless the framework Is empty too)

e There are frameworks where no stable extensions

exist
e The absence of odd-length
cycles is a sufficient condition
for existence of stable extension ’
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Being bold is not always possible

e A limited (possibly isolated) part of the framework
may prevent the existence of extensions for the

whole framework

e Stable semantics Is not directional

O 0l0
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Accept as much as you can defend:
preferred semantics

e Admissibility + maximality = preferred semantics

Definition 7. A preferred extension of an argumentation framework AF is a
maximal (with respect to set inclusion) admissible set of AF.

e From a labelling perspective this corresponds to
maximizing IN without banning UNDEC

e Preferred extensions always exist (in general many)

e Any preferred extension is complete (hence it
iIncludes the grounded extension)

e Stable extensions are preferred, not viceversa

Abstract Argumentation — P. Baroni



Preferred vs. stable semantics

OS0L0=0
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Preferred vs. stable semantics

® @

/\
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Minimizing indecision:
semi-stable semantics

e Maximizing acceptance does not mean minimizing
Indecision: to this purpose you should maximize the
union of IN and OUT

e Stable semantics achieves this implicitly by banning
UNDEC, semi-stable semantics does this explicitly
without banning UNDEC

DEFINITION 27 Let AF = (Ar, att) be an argumentation framework. A semi-stable extension of AF is
a complete extension Args where Args \J Argst is maximal (w.r.t. set inclusion) among all complete
extensions.
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Minimizing indecision:
semi-stable semantics

e Semi-stable extensions always exist (in general
many)

e \When stable extensions exist, semi-stable
extensions coincide with stable extensions

e Semi-stable extensions are preferred, not viceversa

e Semi-stable semantics is not as “fragile” as stable
semantics, but it is non directional too
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Single status from multiple status

e A natural way to obtain a single status semantics

from a multiple status semantics consists in using
the Intersection Int of the extensions

e For the four Dung's semantics Int Is a (possibly
strict) superset of the grounded extension

e Int Is conflict-free but not admissible in general

e Adding the requirement of admissibility to the one of
Inclusion in all extensions gives rise to a generic

“‘scheme” for semantics definition which has been
explicitly considered in two cases
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Ideal and eager semantics

e The ideal extension is the maximal (wrt inclusion)
admissible set included in all preferred extensions

e The eager extension is the maximal (wrt inclusion)
admissible set included in all semi-stable
extensions

e Both are supersets of the grounded extension

e The eager extension is a superset of the ideal
extension
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A less cautious single status

<'>/‘ The ideal/eager
extension is {8},

while the grounded
extension is empty
Abstract Argumentation — P. Baroni




A less cautious single status

The ideal/eager

T, extension is {a},

while the grounded
extension is empty

The eager
6 extension is {f3,0},

the ideal extension

OWEEO=0 =0
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Roadmap

e \What's in the words?

e From the Big Bang to now

e Dung’s framework

e A “conflict calculus™ argumentation semantics
® “Basic” semantics properties

e A catalogue of semantics

e Properties of semantics (so far)
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Universal and
almost universal properties

e Conflict freeness and language independence are
satisfied by all semantics

e |-maximality Is satisfied by single-status semantics
and Is directly implied by several multiple-status
definitions, only complete semantics is not I-
maximal
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“Contlict-free only” semantics

e Naive and stage extensions can exclude unattacked
arguments and include undefended arguments
hence they can not satisfy admissibility, strong
defense, reinstatement, weak reinstatement, and
directionality

e They only satisfy CF-reinstatement
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“Complete-based” semantics

e Grounded, stable, preferred, semi-stable, ideal and
eager extensions are complete extensions

e This implies that they satisfy admissibility and
reinstatement (including weaker forms)

e Strong defense is only satisfied by grounded
semantics
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Directionality

e Disproving directionality is iImmediate for stable,
semi-stable and eager semantics

e Proving directionality is less immediate (but
possible) for the other complete-based semantics
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A synopsis

NA STA CcoO GR | STB| PR | SST | ID | EAG
CF-principle Y Y Y Y Y Y Y Y Y
Language indip. Y Y Y Y Y Y Y Y Y
[-maximality Y Y N Y Y Y Y Y Y
Admissibility N N Y Y Y Y Y Y Y
Strong defense N N N Y N N N N N
Reinstatement N N Y Y Y Y Y Y Y
:‘/Zielfsktatement N N Y Y Y Y Y Y Y
CF-reinstatement | Y Y Y Y Y Y Y Y Y
Directionality N N Y Y N Y N Y N
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Roadmap

e \What's in the words?

e From the Big Bang to now

e Dung’s framework

e A “conflict calculus™ argumentation semantics
® “Basic” semantics properties

e A catalogue of semantics

e Properties of semantics (so far)

e Beyond Dung’s framework
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An abstraction
of abstract argumentation

e Basic idea: a formalism where an assessment Is
produced for a set of entities based on their
relations only

e In Dung's abstract argumentation:
» only one relation is considered: attack
» the assessment is symbolic (essentially 3-valued)

» the assessment is based on some assumptions
(e.g. all arguments have the same Initial status)

e The same basic idea can be applied going beyond
some of these specific choices/assumptions
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Extended frameworks

e Several extensions/variations of Dung’'s framework
have been considered in the literature

e They can be classified according to distinct (but not
necessarily disjoint) lines:
» representation of additional notions
» finer evaluations
» more articulated notions of attack
» flexible relations

» ...
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Additional notions: support

e Basic intuition: arguments are not just “conflictables”
they may also “help” or “support” each other

e A relation of support should parallel the one of
attack

® |s support as “abstractable” as conflict?

e (It seems that) we can define general conflict
management mechanisms independently of the
underlying meaning of conflict

e Is this analogously possible independently of the
underlying meaning of support?
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Ditferent meanings of support

e Support as defense: A supports B if A defends B
from an attack

e Support as derivation (deductive support): A
supports B if acceptance of A implies the
acceptance of B

e Support as necessity: A supports B If acceptance of
A Is necessary for acceptance of B

e Evidential support: distinguishes "prima-facie”
arguments (primitive evidences) from arguments
requiring an underlying evidence as a basis
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Bipolar argumentation
frameworks

Formal definition of an abstract bipolar argumentation framework An abstract bipolar
argumentation framework <A, Rges, Reyp> consists of a set A of arguments, a binary relation
Rer on A called a defeat relation and another binary relation K, on A called a support relation:
consider A4; and 4; € A, A;R o7 A; (resp. AiReupA;) means that A; defeats A; (resp. A; supports

Aj).

e It is required that the two relations have no
Intersection (an argument can not attack and
support another one at the same time)

e A path of supports gives rise to indirect support

e A path of supports behind an attack gives rise to
Indirect (or supported) attack

e A single attack behind a path of supports gives rise
to a secondary attack
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Bipolar argumentation
frameworks

e A lot of variants and discussions in the literature

e Possible mixing between the notions of argument
and of conclusion of an argument in the informal
Intuitions about support

e However, bipolarity is quite natural and intuitive for
humans

e As to argument assessment, traditional semantics
definitions are modified to take into account both
attacks and supports
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Additional notions:
preference-based AFs

e Basic idea: the attack relation may fall to capture the
fact that arguments may have different “quality”

Dung’s definition of acceptability disregards the quality of the arguments. How-
ever, the force of an argument can be often estimated by considering the beliefs used
to build this argument. For example according to the preferences which can exist be-
tween the beliefs, an argument can be more or less strong than another argument. Let’s
consider the following example.

Example 2.3. Let (4. R) be an argumentation framework with A = {A. B, C} and
R ={(B, A), (C, B)}.

According to Dung, the set of acceptable arguments is {A, C}. Yet, if we know that
the argument B is preferred to A and C according to a preference relation Pref between
arguments, then the argument C defeats B but B defends itself against C in some sense.
Hence, the argument B might be considered as acceptable and A might be rejected.

Abstract Argumentation — P. Baroni



Additional notions:
preference-based AFs

e The “quality” of arguments can be represent through
a preference relation

Definition 3.2. A preference-based argumentation framework (PAF) is a triplet (A, R,
Pref) where A is a set of arguments, R is a binary relation representing a defeat rela-
tionship between arguments, R € A x A, and Pref is a (partial or complete) preordering
on A x A.
e Attacks are “effective” only if the attacked argument
IS not preferred to the attacking one

Definition 3.3. Let A, B be two arguments of A. B attacks A ifft B 'R A and
not(A >>p,s B).

e A grounded-semantics-like notion of acceptability Is
defined accordingly
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Additional notions:
value-based AFs

e A more articulated way to assess the “extra-conflict”
merits of arguments

e Arguments are associated with values

e There Is no unique ordering of values, since they
may count differently in different contexts

e A specific value ordering is called an audience

e For instance, in a political debate different
audiences may assess differently arguments
promoting public welfare wrt arguments promoting
financial stability
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Additional notions:
value-based AFs

Definition 16. (Args, K.V, val, P) is a value-based argumentation framework (VAF), where val is a function from Args to a
non-empty set of values V, and P is a set {a1..... an}, where each ¢; names a total ordering (audience) =g on V x V.
An audience specific VAF (aVAF) is a 5-tuple (Args, R, V,val,a) where q € P.

e Defeat (and hence any semantics evaluation)
becomes an audience-specific notion

Definition 17. Let (Args, R,V ,val,a) be an oVAF. Then A € Args defeats;, B € Args iff (A, B) € R and it is not the case that
val(B) =, val(A).
We say that (A, B) € R iff A defeats, B.

e In fact, an audience induces a specific
argumentation framework
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Acceptance in
value-based AFs

e Objective acceptance: a stronger skeptical
justification

e An argument Is objectively acceptable if it is
skeptically justified in any audience-specific AF (i.e.
for any audience)

® Subjective acceptance: a weaker credulous
justification

e An argument Is subjectively acceptable If it is

credulously justified in an audience-specific AF (i.e.
for at least one audience)
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Finer evaluation of arguments

e Dung’s framework encompasses a qualitative
assessment of argument justification status
(essentially three-valued)

e The use of numbers or rankings to provide a finer
evaluation of arguments has been considered In
several contexts and with various flavors
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Argument “strength”

e According to Pollock, the strength of an argument is
“the degree of justification it would confer on Its
conclusion” in absence of defeaters

e Here strength Is seen as an a priori property of the
argument, determined at the moment of its
construction

e \Weakest link principle: an argument can not be
stronger than its subarguments

e Initial argument strengths are used to determine a
final numerical evaluation of arguments, on the
basis of the attack (and possibly support) relations
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Argument “strength”

e The idea of argument strength has been considered
In several variants (often at a non abstract level) In
the literature

e No standard reference model

e Many open questions (with non univocal answer):
suitability of a probabilistic-style treatment,
combination operators, the role of accrual ...
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Gradual (numerical)
argumentation

e Arguments may have an initial "score"

e Based on the initial score and on the relations with
other arguments (attacks and/or supports) a final
score Is derived for each argument

e A wide variety of proposals is available in the
literature

e Also the range of properties and principles
considered is wider than for traditional semantics

e Some attempts to provide some synthetic view have
also been undertaken
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Ranking-based semantics

e The produced evaluation consists of a ranking,
namely a (possibly partial) order relation on
arguments

e Finer than traditional 3-valued assessments but
without requiring the use of numbers

e Numerical evaluations induce a ranking, but it is
possible to produce rankings without associating
numbers to arguments
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Mind the meaning

e Many ways of having numbers "attached" to
argumentation frameworks have been considered

e The meaning of these numbers may vary a lot:
probabillities (of different nature), fuzzy sets,
something else

e Some confusion is possible and attention should be
paid (as always) to the exact intended meaning of
the used numbers

e Not every appearance of number associated with
arguments is a form of gradual semantics or
strength evaluation
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Equational approach

e In the equational approach to argumentation
networks, an argumentation framework induces a

system of equations which are parametric wrt a
function f

Let (S, R4) be a Dung network. So Ry C S- is the attack relation. We are looking for a function
f:S+ [0, 1] assigning to eacha € S a value of 0 < f(a) < | such that the following holds.

(1) (S, R4.f) satisfies the following equations for some family of functions {h,}.a € S:

(a) If a is not attacked (i.e. =3x(xRaaq)) then f(a) = 1.
b) If xq,..... x, are all the attackers of a (i.e. A", xjRya AYy(yRaa — \/'_ ;v = x;)
=1 L =1 .

then we have that f(a) = h,(f(x{), ..., f(x,)).
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Equational approach

e Several choices for f can be considered

(1) E‘-':!r:im'erse{f} ﬂ-“} — ]_[“ — fLY{}},
(2) Effgeojljetric;ﬂ'[i-]' fia) = [l_[!“ — f(x;))] _ ,
[TT:(1 — £x)) + [T, fxi)]

e In case of cycles the solutions are fixed points of the
function f

e No notion of initial (nor final) argument strength
involved, rather a form of “numerical semantics”
reflecting the structure of the framework
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Equational approach:
numbers but not for strength

The numbers we get for the nodes as the result of the equation have no qualitative meaning
beyond the fact that they indicate which points are in, out, or undecided. They do not indicate
strength of argument and therefore cannot be used to indicate support.

To make this point crystal clear, consider again Figure 9. We got solutions for this figure,

namely:
flay=1— ""TE
f(h) = v2 -1,
flc) =2—(2)

These numbers say that the nodes a. b, ¢ are all undecided and may indicate the types of loops we
have in the original graph (though we have not developed such a theory yet, this is postponed to a
subsequent paper. See, however, Gabbay (2012a.b), where we discuss the methodology of loops).
They are not indicating strength of arguments!
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Weighted argumentation
frameworks

e In weighted argumentation frameworks weights are
on attacks rather than on arguments

Definition 4. A weighted argument system is a triple W = (X', A, w) where (X', A) is a Dung-style abstract argument system,
and w: A — R. is a function assigning real valued weights® to attacks.

e The weights represent the “strength of the attack” or
the amount of inconsistency it carries

e An “inconsistency budget” B defines the amount of
Inconsistency one Is prepared to tolerate
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Weighted argumentation
frameworks

e The idea is that one can “ignore” any set of attacks whose
total weight is not greater than the inconsistency budget 3
and define B—compatible extensions accordingly

Definition 5. Let (X', A, w) be a weighted argument system. Given R € A,

Wt(R, w) = Z w((a1, a2))

ey, oa)eR

The function sub(---), which takes an attack relation A, weight function w : A — E_, and inconsistency budget g € R,
returns the set of subsets R of .4 whose total weight does not exceed g, i.e.,

sub(A,w,B)={R: RC A&wt(R,w) < B}

We now use inconsistency budgets to introduce weighted variants of the semantics introduced for abstract argument
systems, above.

Definition 6. Given a weighted argument system (X', A, w), let o : 2X . [T.1). For p € R, the subset EXT((X, A, w), p)
of 2 is given as

ExT((X, A w),B)={SCX: IR esub(A, w.B) &S €& ((X,A\R))}
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Weighted argumentation
frameworks

e \Weighted argumentation frameworks can be seen
as a generalization of the approaches where
attacks can be suppressed (or resolved) for various
reasons like:

» Preference-based AFs

» Value-Based AFs

» AFs with attacks to attacks
» Resolution-based semantics
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Collective attacks

e The binary relation of attack can not express
situations of non-binary incompatibility

e Consider a situation where you can choose
arbitrarily two out of three items (e.g. three people
A,B,C, wanting to have a ride on a tandem)

e Clearly it is impossible that the three facts (A,on),
(B,on) and (C,on) hold together but they are not
pairwise incompatible

e If you need to capture this kind of situations you
need collective attacks
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Vreeswijk’s abstract
argumentation systems

e \Vreeswijk's abstract argumentation systems are not
as abstract as Dung’s argumentation framework

e They include argument structure and inference rules

e In this context a set of arguments (rather than a
single argument) may defeat an argument

Definition 4.2 (Defeater). Let P be a base set, and let o be an argument. A set
of arguments X is a defeater of o if it is incompatible with this argument and not
undermined by it; in this case o is defeated by 2, and 3 defeats o. X is a minimal
defeater of o if all its proper subsets do not defeat o,
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Nielsen and Parsons’ sets of
attacking arguments

e Dung’s framework is extended to encompass attacks
from sets of arguments

Definition 1 (Argumentation System™). An argumentation system s a
pair (A,r), where A is a set of arquments, and > C (P(A)\ {0}) x A s an

x

attack relation.

e The basic semantics notions of Dung’s framework
are extended to the case of attacking sets in a nice
and rather direct way

e Further developments in this direction are being
Investigated In the literature to further explore the
potential of Dung's framework
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Attacks to attacks

e May attack be attacked in turn?

e Basic idea: If there Is a reason for an argument
being attacked by another one, this reason may be
defeasible

e Attacks as part of the reasoning process rather than
a sort of syntactic-automatic-non revisable notion

e Meta-argumentation: reasoning about reasoning,
attacks at a lower level are “special arguments” at a
meta-level
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Modgil’s EAF

e Focused on reasoning about preferences

e Given two conflicting arguments A and B let say you have a
reason to prefer A wrt B. This can be expressed as an
argument C attacking (suppressing) an attack from B to A.

e The reason to prefer A can be defeasible and so on ...

A3
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Modgil’s EAF

e Arguments can attack attacks between arguments

Definition 4. An Extended Argumentation Framework (EAF) is a tuple (Args. R, D)

e R C Args x Args,
o DCArgs xR,
o If (X,(Y,2)),(X',(Z.Y)) €D then (X, X", (X", X)eR.

e Two attack levels are explicitly distinguished

e Only one level of “attack recursion” is allowed

e The underlying interpretation in terms of preferences
motivates the fact that attacks to attacks can not be attacked

In turn and the final condition (opposite preferences should
attack each other)
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Unlimited attack recursion: AFRA

e AFRA: arguments can attack any attack

Definition 3 (AFRA). An Argumentation Framework with Recursive Attacks
(AFRA) is a pair (A, R) where:

o A is a set of arguments:

e R is a set of attacks, namely pairs (A, 2 ) st. A € Aand (£ € R or
Z e A).

e The definition explicitly encompasses two sorts of
entities (like Dung’s one)

e Unlimited attack recursion levels are allowed
e No domain dependencies
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Semantics notions
with attack to attacks

e Traditional semantics notions have been recasted In
frameworks with attacks to attacks

e Basic intuition 1: attacks which are defeated do not
count as conflicts anymore

e Basic intuition 2: you can translate (flatten) an
extended framework into a traditional one and then
do semantics evaluation at the flattened level

e Formalising these intuitions Is not immediate: it has
been done differently in the context of the cited
approaches
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Flatten them all ...

e The variants presented above provide an explicit
representation of some further notions

e This does not mean that they are "more expressive”
than the original framework: “flattening” procedures
have been investigated to translate extended
frameworks back to the original one

e Typically flattening means to introduce additional
(meta-)arguments and attacks corresponding to the
additional notions of the extended framework

e Correspondences can be drawn between semantics
notions at the extended and flattened level
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Flatten them all ...

e Several perspectives:

» Interpretation: the flattened representation may provide
hints of various kinds on the extended one

» reuse: existing results are applicable effortless to the
flattened representation

» correspondence/verification: a meaningful mapping
should exist between semantics notions in the two levels
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... with some concern

e A suitable flattening procedure shows that an
extended framework is not more expressive than
the traditional AF

e One may argue that extended frameworks arise
from modeling carelessness (or modeling
indolence) while the “right” modeling is in the
flattened version

e Synthetic modeling is appropriate for knowledge
and reasoning representation: a sort of high-level
language to be compiled into AF

Abstract Argumentation — P. Baroni



Examples of flattening:
recursive attacks

ote
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Flexible relations:
abstract dialectical frameworks

Definition 5. An abstract dialectical framework is atuple D = (S, L. ') where

* S is a set of statements,

» L€ S xSisasetof links,

e (' = {C,}.eq is a set of total functions C : 2P (¢) - Lin, out}, one for each
statement s. (s is called acceptance condition of s,

e Even the nature of the relation between
“arguments” is not specified: links of different nature
(attack, support, others? ...) all belong to the
relation L

e All the meaning is embedded into the acceptance
conditions (one for each node: heterogeneous
situations may occur)
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A non-Dung semantics:
“unanimity of attacks”

SDID
41
e
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... that can be expresses in Dung’s
AF through additional arguments

(0
(=) A0
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A larger universe?

e ADFs represent an alternative perspective where
the only embedded principle seems the one of
directionality (rather than conflict-free)

e Large variety of “semantics”, actually of acceptance
functions, even inside the same framework

e An alternative universe for lovers of abstract
argumentation semantics
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Abstract but not too much ...

e Dung's abstract argumentation forgets every detalil
of argument structure and every relation but attack

® In some cases it may be interesting to define an
Intermediate abstraction level where some
argument features (e.g. the conclusion) and/or
some further relations (e.g. the subargument
relation) are considered

e Here "semi-abstract" arguments are arguments

e Useful to study general properties of structured
argumentation in a formalism independent way
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Claim-augmented frameworks

Definition 3. A claim-augmented argumentation framework (CAF for short) is a triple (A, R, claim) where (A, R) is an AF and
claim: A — C assigns a claim to each argument of A; C is the set of possible claims.

A CAF (A, R.claim) is called well-formed if, for any a,b € A with claim(a) = claim(b), {c | (a.c) € R} = {c | (b,c) € R}, i.e.
arguments with the same claim attack the same arguments.

e A framework where one "remembers" the argument
claims (or conclusions)

e The claim is typically the most interesting part of an
argument for the final user

e One may be more interested in the evaluation of
claims than of arguments

e The complexity of evaluating claims has been
Investigated at a general level in this context
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LLAF-ensembles

Definition 7. Given a language £ and a disjoint set IDS of argument identifiers (IDS M L = @), a L-argument « is a tuple
(Al(ce), Conc{w), AE(x)) where Al(ee) € IDS is the argument identifier, Conc(a) € L is the argument conclusion and AE(x) C L
is the set of attackable elements of «. For a set of £-arguments X we define, with a little abuse of notation, Conc(X) £
{Conc(w) | @ € X} and AE(X) = |, .y AE(a).

e An argument has a conclusion and some attackable
elements

e Several formalism-independent notions bridging the
structured level and argument evaluation at the
abstract level are defined

e General properties are introduced to investigate the
satisfaction of some desiderata of structured
formalisms in a formalism-independent way
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LAF ensembles
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LAF ensembles

e |dentification and solution of some problems in ASPIC+

e First connection between Vreeswijk's and Dung's
approaches

e Analysis and comparison of further structured formalisms
as future work

Abstract Argumentation — P. Baroni



Conclusions

e A rich and very active research area based on
“almost nothing”

e Conflict (rather than argument) is the key notion
ensuring wide scope both in theory and in practice

e Large corpus of both basic and specific/advanced
results with many “research avenues” and
“rethinking opportunities” still open

e Many (at least in principle) reusable and (hopefully)
stimulating concepts for other research fields where
conflict management plays a key role
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Thank you for your patience!

Any argument?
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