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What's argumentation? (1)

e A framework for practical and uncertain reasoning able to cope
with partial and inconsistent knowledge
- philosophical roots: Aristotle, Toulmin (1958)
- in AI: R.P. Loui (1987), J. Pollock (1987), G. Simari & Loui (1992)

e Reasoning consists in two main activities:

- construction of arguments
Argument = a conclusion (belief, action, goal, etc.) and
a reason (premises) supporting the conclusion itself

- evaluation of arguments
Arguments may conflict:
decide the set of arguments and conclusions “justified”
(w.r.t. available knowledge)




An informal example (1)

< The conclusion

We are justified in believing that we should run LHC ©




An informal example (2)

A

The conclusion

We are justified in believing that we should run LHC ©

BUT

In Argumentation (and in real life as well):
- reasons are not necessary “conclusive”
(they don't logically entail conclusions)
- arguments and conclusions can be “retracted”
in front of new information, i.e. counterarguments




An informal example (3)

Now we are justified in believing that we should not run LHC ®



An informal example (4)

Now we are again justified in believing that we should run LHC ©



An informal example (5)

Now we are again justified in believing that we should not run LHC ®



An informal example (6)

Now we are again justified
in believing that we should

run LHC @
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What's argumentation? (2)

The elements of an argumentation system

e The definition of argument
(possibly including an underlying logical language +
a notion of logical consequence)

e The notion of conflict between arguments

e The notion of defeat (successful attack)

e An argumentation semantics selecting acceptable (justified) arguments
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Definition of argument: several possibilities (1)

e ASSUMPTION-BASED ARGUMENTATION

Given a knowledge base (K, Ass)

Consistent theory Set of assumptions

ARGUMENT for p:
(A, p) such that

- A [JAss
- A 0O K is consistent and entails p
- There is no A'A such that A’ 0 K entails p

ATTACKS to an argument: on its assumptions

[see Besnard&Hunter, Dung-Kowalski-Toni]
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Definition of argument: several possibilities (2)

e ARGUMENT SCHEMES

- correspond to recurring patterns of reasoning
- have associated “critical questions”

Example: Expert Testimony [WALTON 1996]

E is expert on D
E says P
Pisin D
Therefore, P is the case

Critical questions:
Is E biased?
Is P consistent with what other experts say?
Is P consistent with known evidence?
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Definition of argument: several possibilities (3)

e ARGUMENT SCHEMES IN A MEDICAL APPLICATION

Viability Scheme

Organ O of donor D is available
No contraindications are known for donating O to recipient R

Therefore, organ O is viable

CRITICAL QUESTIONS:
Does donor D have a contraindication for donating organ O?

Nonviability Scheme

Donor D of organ O has condition C
C is a contraindication are for donating O
Therefore, organ O is nonviable

[Tolchinsky et al, 2006]
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Definition of argument: several possibilities (4)

e STABLE MARRIAGE PROBLEM
- Arguments of the kind <Alice, John>
- <Barbara, John> attacks <Alice, John> if John prefers Barbara to Alice

In general

Arguments take different forms

(domain-independent vs. domain dependent)
Concern different kinds of conclusions

(beliefs, goals, intentions, ...)

In the examples we will refer to rule-based approaches...
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Rule-based approaches

e ARGUMENT

a tree made up of rules of inference constructed from
a set of premises to reach a conclusion

e Two kinds of rules: A (0.7)
A - B: deductive - “indefeasible” B (0_9)

|~ =c07)

A = B: non-deductive - “defeasible”

D (0.9) = C (0.8)

e A strength value may be associated to premises
and rules, giving rise to argument strength

See [J.Pollock, 1992], [G. Vreeswijk, 1997], ...
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Rule-based approaches (2)

Notion of conflict

— Rebutting:
an argument attacks another one by denying its
[possibly intermediate] conclusion

- Undercutting:
an argument attacks the applicability of a
defeasible rule of inference

Notion of defeat

A
An argument o defeats B iff: B} - C\
- a undercuts B, or )
- o rebuts B and D :ig/
a is not weaker than 3 \3
E=(DUC) ~

[Pollock 92]
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Rule-based approaches (3)

EXAMPLE
REBUTTING DEFEAT
AT YA
It's It's not
raining raining
Smith says Bob says
it’s raining it's not

raining
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Rule-based approaches (4)

EXAMPLE

REBUTTING DEFEAT

A~ A UNDERCUTTING

DEFEAT ,
7
7

Smith says Bob says Bob is drunk
it’s raining it's not
raining
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An argumentation spot

Advantageous features

- Different kinds of arguments can be represented
- Able to handle uncertain and inconsistent knowledge
- A “natural” representation + justification of choices

C:> - Internal reasoning of single agents

(reasoning about beliefs, goals, ...)
- Negotiation and dialogue between agents

- Applications: Decision Support, Medical reasoning,
Legal Reasoning, E-democracy, ...

Interest on argumentation witnessed by

-ASPIC European Project

[Argumentation Service Platform with Integrated Components]
- COMMA 06, COMMA 08, COMMA 10

First Int. Conferences on Computational Models of Argument

- Special issue on Argumentation in Artificial Intelligence Journal
20



Outline of the tutorial

e An informal introduction to Argumentation Theory
e Dung’s abstract argumentation framework and argumentation semantics
e A critical survey of argumentation semantics

e Principle-based criteria for semantics evaluation
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What's abstract argumentation?

Usually “abstract” stands for a difficult thing... Here it means “"simple

//!

22



What's abstract argumentation?

I/!

Usually “abstract” stands for a difficult thing... Here it means “"simple

The elements of an argumentation system

derlying logical language + a notion of logical consse®ence
e The definition of dMesgRent
e The notion of confligs#®Tween argu
o 1 otion of defeat (successful attack)

e An argumentation semantics that select
acceptable (justified) arguments

i

Abstract argumentation focuses on this aspect
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Dung’s argumentation framework

[Dung '95]
AF = <A, T>

attack (or defeat) relation
[unspecified definition]

Arguments [origin and structure not specified]

e Graphical representation as a directed graph [defeat graph], e.q.

Representation of LHC example

O—O—0O—0O—0
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Dung’s argumentation framework

[Dung '95]
AF = <A, T>

attack (or defeat) relation
[unspecified definition]

Arguments [origin and structure not specified]

e Graphical representation as a directed graph [defeat graph], e.q.

Representation of LHC example

O—O—0O—0O—0

Representation of weather example

CL_O—=C
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Dung’s argumentation framework (2)

B> So, what remains to be done?

ARGUMENT EVALUATION:

GIVEN AN ARGUMENTATION FRAMEWORK,

DETERMINE THE JUSTIFICATION STATE

(ALSO CALLED DEFEAT STATUS) OF ARGUMENTS,

IN PARTICULAR: WHAT ARGUMENTS EMERGE UNDEFEATED
FROM THE CONFLICT, I.E. ARE ACCEPTABLE?
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Argumentation semantics

e Specification of a method for argument evaluation, or of
criteria to determine, given a set of arguments, their “defeat status”

O\,"/Q

Argumentation Framework

Defeat statuss

MJ
Semant/cs

Defeat status

r Q Undefeated

Q—»‘ Defeated

— T
Q Q Provisionally Defeated
A S

\
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Labelling vs. extension-based semantics

LABELLING-BASED SEMANTICS

- Based on the notion of /abelling
[assignment to each argument of a label from a predefined set]
- Specifies how to derive from an argumentation framework
a set of labellings
- Justification of arguments derived from the set of labellings

EXTENSION-BASED SEMANTICS

- Less general, but more common kind of semantics
- Based on the notion of extension
[set of arguments “collectively acceptable”]
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Extension-based semantics

e Given AF O—0O—C_O

ol

a semantics S identify

Set of extensions Eg(AF) C> Defeat Status
(Justification Status)

e

ey e

[Justified arguments:
belong to all extensions]
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Unique-status vs. multiple-status semantics

[ Unique-Status Semantics

@/\@ Unique extension: empty set
~ a and B directly unjustified

(provisionally defeated)

— A
@'\/@D < Multiple-Status Semantics
— TS — TS

= o and B unjustified (provisionally defeated)
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Outline of the tutorial

e An informal introduction to Argumentation Theory
e Dung’s abstract argumentation framework and argumentation semantics

e A critical survey of argumentation semantics:
- complete semantics )
- grounded semantics
- stable semantics
- preferred semantics

. Problematic behaviors

- more recent proposals

e Principle-based criteria for semantics evaluation
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The core of Dung’s theory: complete “semantics”

Acceptability
O acceptable w.r.t. ("defended by”) S

e all attackers of O are attacked by S

Admissible set S

o conflict-free
e every element acceptable w.r.t. S
(defends all of its elements)

e

also includes all
acceptable elements
w.r.t. itself

All traditional semantics

select complete extensions

32




Complete “semantics”: examples

Chain

o

Nixon Diamond

()
B

T

@l (8

Admissible sets:

@, {a}, {d,Y}

Only one complete extension:

Eco(AF) = {{a, y}}

N
@ @ All admissible sets
\/

are complete

@/\@ gCO(AF) _
pa— {@, {ay, {Br3

@ ®
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Complete “"semantics”: examples (2)

Nixon Diamond + node

OEROSS

€ co(AF)

e

Admissible sets:

gl {a}r {B}I {ai y}

( T
] Ay °
@ o @ or

@ ®—» e
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The Grounded Semantics: a unique status approach

Defeat status<

Grounded extension GE(AF):

Least complete extension

ﬂ> included in all extensions
of any traditional semantics

ﬂ> Grounded semantics is
the “"most skeptical” one

i Q Undefeated

Q—' Defeated

— A
Q\/@ Provisionally Defeated
\.
35



Grounded semantics: examples

Chain

@ @ @ GE(AF) = {d, V}

Nixon Diamond

@:@ GE(AF) = @

Nixon Diamond + node

@C@ @ GE(AF) = @
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Floating arguments: a problem for grounded semantics

e Actually, grounded semantics is polynomially computable
e But sometimes we want a more discriminative behavior

>

THE CASE OF FLOATING ARGUMENTS

<é@ vs

Grounded Semantics What we want

NG

e A problem for all possible unique status approaches

ﬂ> Let us consider multiple status approaches!



Stable Semantics

Stable extension = conflict-free set attacking all outside arguments

THE CASE OF FLOATING ARGUMENTS

‘/‘%@ %@

T(AF) ={{a,0}, {B,0r+ = disjustified

ODD-LENGTH CYCLES: A PROBLEM FOR STABLE SEMANTICS

9 No stable extension exists!

0 (and also imposing @ is not satisfactory)
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Preferred semantics

Stable extensions are maximal complete extensions

o conflict-free: by definition

e admissible: every argument attacking an extension is outside
— attacked by the extension itself

e maximal: no argument can be included!

Preferred semantics [P.M. Dung, '95]

Preferred extension

Maximal complete extension = max Set:

e is conflict-free
e defends all of its elements

39



Preferred semantics and floating arguments

<*@ <

Epr(AF) = Ec(AF) = { {a, 8}, {B, 8} 2

r

Grounded semantics:

0k

><§)>0

—®

—®

= O is justified

40



Preferred semantics and odd-length cycles

(@ Epr(AF) = {@)}
G A big difference, isn't it?
E<T(AF) = @

No argument justified w.r.t. grounded and preferred semantics

g> e Like stable semantics, preferred semantics handles
the case of floating arguments
(differently than grounded semantics)
o W.r.t. stable semantics it behaves “better”
in the case of odd-length cycles
(like grounded semantics)

Em)> So, what remains to be done?
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Preferred Semantics and cycles

Even-length cycle Odd-length cycle
— A
@_ ¢
®
— S
@ ® <)

@_®

E> A different treatment for even and odd-length cycles.
Is it just a matter of symmetry and elegance?

42



Preferred Semantics and cycles (continued)

{B, 03 3

OIROSS ORI,
E V\_/ {{a1 6]_}1 {ai 62}1
Vs
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Preferred Semantics and cycles (continued)

{{0,61} {a, 0%,

{B, 03 3

Epr(AF) = {{0}}

HA'
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Preferred Semantics and cycles (continued)

{{u,él} {a, 0,3},

{B, 03 3

m pR(AF) = {{0,}}

EpR(AF) =

o wfn @

{B, 0,0}, {B, 0,0} ¥

NB: grounded semantics yields the empty set in all cases 45



Pollock example revisited (1)

~
\-/
Rob says Smith says
Jones unrel. Rob unrel.

7’

Jones says

Smith unrel.

Smith says Bob says
it’s raining it's not
raining
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Pollock example revisited (2)

Fred says

Jones unrel.

J

Jones

liable
,unrelabe N

Fred '’

unreliable

v
/TS

Rob says
Fred unrel.

7’
SN Rob A
unreliable

Smith says
Rob unrel.

4

Smith

unreliable

SN

Jones says

Smith unrel.

AT A
It's It’s not
> raining raining
Smith says Bob_says
it’s raining it's not

raining47



Preferred Semantics and Floating Arguments again...

[ two preferred
extensions]

.-

o

[empty set is the unique
preferred extension]

NB: grounded semantics yields the empty set in both cases
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Outline of the tutorial

e An informal introduction to Argumentation Theory
e Dung’s abstract argumentation framework and argumentation semantics

e A critical survey of argumentation semantics:
- complete semantics
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- more recent proposals
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Desiderata

A novel semantics

e Discrimination of floating arguments as preferred semantics
e Homogeneous treatment of even and odd-length cycles

as grounded semantics
e Agreement to grounded semantics

BUT

- in some examples a skeptical attitude is well-suited [Horty '02]
(grounded semantics)
- admissibility is an intuitive requirement

— the semantics choice may depend on context and attitude

A general argumentation schema

e based on the principles regarded as universally acceptable

— able to encompass all Dung’s semantics SCC-
e able to capture a large variety of semantics supporting recursive
schema

alternative treatments of problematic examples
50



Strongly connected components (SCCs)

Equivalence classes under the relation of
path-equivalence (mutual reachability)

—— o ——

\ / \
\ 7/ \
Wl
/7 N\ /
% N 7 =7 SA - N N
/ ! \ \
l MWI |
\ s Y PN
N\
\
Vo) Tg) !
o /
/
”



Strongly connected components (SCCs)

SCCs form an acyclic graph

S, and S, are initial SCCs
S, is sccparent of S; S, and S
all other SCCs precede S,
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SCC-recursiveness informally

1.

Extensions “are built” following the SCC order

53



SCC-recursiveness at work: SCC decomposition

54



SCC-recursiveness informally

1. Extensions “are built” following the SCC order

2. A semantics-specific base function BF is given, which

determines the set of extensions prescribed for a
single-SCC argumentation framework

3. For any initial SCC S, the base function BF is applied

to determine the possible values of E n S for any
extension E to be built by adding elements from other SCCs
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SCC-recursiveness at work: initial SCCs

Suppose that applying the base function BF on initial SCCs it

emerges that
S, , =~

7N
O
There is exactly one choice for E n S, \ I
\\ al
/7 -” AN h
\
There is one choice for E n S, I \
(actually the empty set) 1 I
\ /
N /
S ~ - <

In general multiple choices are possible

56



SCC-recursiveness informally

Extensions “are built” following the SCC order

A semantics-specific base function BF is given, which

determines the set of extensions prescribed for a
single-SCC argumentation framework

For any initial SCC S, the base function BF is applied

to determine the possible values of E n S for any
extension E to be built by adding elements from other SCCs

For any possible choice of E n S, every subsequent SCC S’ is
partitioned into three subsets

57



Attack, extensions and SCCs

Given the choice of E () in the preceding SCCs, the nodes

of a SCC S are partitioned into

— DA(S, E) : directly attacked by E O

— U,e(S, E) : defended from outside attacks by E O

- P, (S, E) : not attacked by E nor defended from outside attacks by ECO

58



SCC-recursiveness informally

Extensions “are built” following the SCC order

A semantics-specific base function BF is given, which

determines the set of extensions prescribed for a
single-SCC argumentation framework

For any initial SCC S, the base function BF is applied

to determine the possible values of E n S for any
extension E to be built by adding elements from other SCCs

For any possible choice of E n S, every subsequent SCC S’ is
partitioned in three subsets

Nodes in D,(S’, E) are suppressed and the construction of E
proceeds by applying recursively the same steps on the
remaining part of S”.

The distinction between P, (S, E) and U,(S, E) may be

taken into account in this step.
59



SCC-recursiveness at work: propagating choices

60



SCC-recursiveness at work:
recursion on restricted SCCs

restricted S; restricted S;
S; ,= T~ / ’*\ / 'N\ The restriction of S;
/ 5 \ l \ [ \ consists of a single SCC:
\ C) O | O ] g O ,  the base function is applied
/ \ /

NS LY \ and there is exactly one
= = ~ - choice for E n S,
Ss _we=—=<_ _ —= Jestricted S5 _ _ restricted S,

2 Q\ R '\O\' YO
| ~

lll’ ,
( Q (
~ ~y - < , '

-~ e = N 7 N\ P

The restriction of Sc consists of three SCCs: the SCC recursive
scheme is applied starting from the first one. The difference between
“green” and “yellow” nodes may also be taken into account.

Assume that the yellow node is not selected by the base function...
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SCC-recursiveness at work: reaching final SCCs
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SCC-recursiveness formally

Definition 20. A given argumentation semantics & 1s SCC-recursive 1f and only 1if for
any argumentation framework AF = (A, —), Es(AF) = GF (AF, A), where for any AF =

(A, —) and for any set C C A, the function GF(AF,C) C 24 is defined as follows:
forany £ C A, E € GF(AF, C) if and only 1f

e 1ncase |[SCCSar| =1, E € BFs(AF, C),
e otherwise, VS € SCCSar (ENS) € GF(AF Lupsr(s.E), UAr(S, E)NC),

where BF s(AF, C) 1s a function, called base function, that, given an argumentation frame-
work AF = (A, —) such that |[SCCSar| =1 and a set C C A, gives a subset of 2A.

- The set of extensions is given by a generic function GF
parametric with respect to the base function BF

- GT'is recursive with respect to SCC decomposition

- Single-SCC argumentation frameworks are the base of recursion

- The second parameter of BF and G7 identifies the "green”
nodes with respect to “yellow” nodes
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SCC-recursiveness is pervasive and well-founded

Characterization of traditional semantics

e Complete, grounded, stable, preferred semantics: SCC recursive
e The corresponding base functions are derived in a direct way
from the relevant notions of extension, e.g.

BF<t(AF, C) = {EOT A | Eis stable and E O C}
BTpr(AF, C) = {E O 4 is maximal | E is admissible and E O C}

Properties of the schema

o If BFis conflict free the resulting extensions are conflict free

o If BF treats “correctly” an argumentation framework

consisting of a single non self-defeating node, the resulting
extensions are in agreement with grounded semantics

64



A specific instance: CF2 semantics

BFcg>(AF, C) = MCF(AF) [the maximal conflict-free sets of AF]

e the base function is very simple: it selects the maximal
conflict free sets within the SCC

e the C parameter (green vs. yellow nodes)
plays no role at all

mmm) CF2 semantics:

- departs from the notion of admissibility
- ensures a "symmetric” treatment of
odd- and even-length cycles
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CF2 semantics: the definition

ECl €, (AF) iff:
- E 00 MCF(AF) if |SCCS,e| = 1

- |:| S D SCCSAF
(EnS) O Ecra(AF|up arse)) Otherwise
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CF2 semantics and odd-length cycles (1)

0
/®

-1n 1o be

Maximal conflict-free sets
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CF2 semantics and odd-length cycles (2)

v.e}, {a,¢%}, {00}, {B.¢} {B¢}

Yields several extensions
— all arguments not justified

@ in both cases
o Ive) e

@ {GIV/(Pz}/ {Blél(pl}l {Blér(pz}
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Floating arguments with a three-length cycle

Extensions: {y,@}, {a,®}, {B,®} Defeat status
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Semi-stable semantics (1)

e Stable semantics
- clashes in some cases (odd-length cycles), however:
- a widely applied approach (default logic, stable models of
logic programming, answer set programming, etc.)
- a very credulous approach:
stable extensions are preferred but not viceversa
= justified arguments w.r.t. stable semantics are a
(sometimes strict) superset of arguments justified
w.r.t. preferred semantics e.g.

I>'%@ b.%@

Eor(AF)={{a, 8}, {B}}  Eex(AF) = {{a, 5}}
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Semi-stable semantics (2)

[Verheij'96,
Caminada’06]

e Aims at guaranteeing existence of extensions

(differently from stable semantics)

+ coinciding with stable semantics when stable extensions exist
(differently from preferred semantics)

e Definition:
E O Egsr(AF) iff

E is a complete extension such that (EU {a] E- O} ) is maximal

e Main properties:

- A semistable extension always exists (in the finite case!)

since a maximization requirement replaces “aggressive attack”
- If a stable extension E exists, then (E U {a| E- a}) includes

all arguments, therefore semistable extensions = stable extensions
- In any case, semistable extensions are preferred extensions, but

the opposite is not always true
71




Semi-stable semantics: examples

Example for existence

Q The unique admissible set is empty
@ = trivially maximizes (EU {d]| E- O} )

Example for backward compatibility
(and difference w.r.t. preferred semantics)

& ¢
T pr(AF)={{a, 0}, {B}}
(y—@,_ ®

6 gSST(AF)={{a/ O}} )=(€5T(AF)
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Other semantics

e Stage semantics [Verheij'96]

e Two approaches to the problems of self-attacking arguments

and general odd-length cycles of attack [G. Bodanza, F. Tohme '08]
e Ideal semantics [Dung, Mancarella, Toni’'06]
e The family of prudent semantics [Coste-Marquis, Devred, Marquis'05]
e Robust semantics [H. Jakobovits, D. Vermeir '99]
e AD1, AD2, CF1 semantics [Baroni&Giacomin’04 and '05]

e Resolution-based version of any semantics [Baroni&Giacomin’08]
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Outline of the tutorial

e An informal introduction to Argumentation Theory
e Dung’s abstract argumentation framework and argumentation semantics

e A critical survey of argumentation semantics:
- complete semantics
- grounded semantics
- stable semantics
- preferred semantics

. Problematic behaviors

- more recent proposals

e Principle-based criteria for semantics evaluation
> Properties of individual extensions

> Properties of sets of extensions
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Conflict-freeness, admissibility, reinstatement

Conflict-free principle (satisfied by all semantics)

A semantics S satisfies the “conflict-free principle” iff
0 AF, 0EDEL(AF) E is conflict-free

Admissibility =
0AF, OE OE(AF) l
e E is conflict-free ®

e E defends all of its arguments

Reinstatement

0 AF, 0EOES(AF)
e if E “defends” a then alE

75



Generalizations

e Defense:
- ordinary defense
- strong defense
o Admissibility
- ordinary admissibility
- strong admissibility
e Reinstatement
- ordinary reinstatement
- weak reinstatement
- CF reinstatement

[OUTSIDE THE SCOPE OF THE TUTORIAL]
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Classical Admissibility and reinstatement:
semantics characterization

Complete semantics

Admissibility and reinstatement = complete semantics

(by definition)
Traditional, semistable and CF2 semantics

Grounded, stable, preferred, semistable semantics satisfy
admissibility and all forms of reinstatement
(select extensions among complete ones)

CF2 semantics does not satisfy @
admissibility and reinstatement, but:

- Max.C.Free = CF-reinstatement @

- agreement with GE /

= weak reinstatement
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Outline of the tutorial

e An informal introduction to Argumentation Theory
e Dung’s abstract argumentation framework and argumentation semantics

e A critical survey of argumentation semantics:
- complete semantics
- grounded semantics
- stable semantics
- preferred semantics

. Problematic behaviors

- more recent proposals

e Principle-based criteria for semantics evaluation
> Properties of individual extensions

> Properties of sets of extensions
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[-maximality principle

I-maximality principle
A semantics S satisfies the “I-maximality principle” iff

0 AF, OE,E,0E(AF) if E,O E, then E,=E,

~
<+— it is not the case

e Grounded and preferred (as well semistable and CF2) semantics
satisfy I-maximality

e Complete semantics do not
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Directionality principle

Basic idea

Extension membership of an argument is determined by its ancestors,
while it is not affected by the arguments it defeats

Definition

O AF, O U “unattacked set” of AF,

{(E n U) | EOELAF)} = SS(AFIU)

C> Extensions can be constructed “incrementally” along the graph
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Directionality: example with preferred semantics

______________________

_______________________

______________________

_______________________

@ @
@ 10— W
Ol RO



Directionality: semantics characterization

General property

Any SCC-recursive semantics which is always defined
does satisfy directionality

E> Complete, grounded, preferred and CF2 semantics are directional

Stable and semistable semantics

DIRECTIONALITY
IS NOT SATISFIED
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Skepticism related criteria

The informal notion of skepticism

Making “less|more committed choices” for arguments,
i.e. assigning to them “less|more decided” justification states.

Two kinds of skepticism relations
A basic skepticism relation <" between sets of extensions:
E, <" L., denotes that &, is “at least as skeptical as”
(or “not more committed” than) &,

A skepticism relation <"between argumentation frameworks:
AF, iAAF2 denotes that AF, is “at least as skeptical as” AF,

Adequacy criteria

Skepticism relations between AFi<:>Skepticism relations between
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Skepticism relations between sets of extensions

Comparison between two extensions E; and E,: E;00 E,

A direct generalization: the :(En relation

E, =2 E,. NE, ONE,

A finer generalization: the j\fvrelation

Comparison between an extension E; and a set of extensions £, :

0E,lE, E;0E, (e.g. GE,r contained in any pref. extension)

:> %,=,E,: 0E,0F, o0, 0F,: EOE,

GENERALIZATION

\

E nr

AN

2
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Skepticism relations between sets of extensions

Comparison between two extensions E; and E,: E;00 E,

A direct generalization: the :(En relation
E
E,=< E,. NE, UNE,

A finer generalization: the j\fvrelation
Comparison between an extension E; and a set of extensions £, :
0E,lE, E;0E, (e.g. GE,r contained in any pref. extension)

:> %,=,E,: 0E,0F, o0, 0F,: EOE,

E,

’ /
Z] E, Z

E, can include E," 7>
unrelated extensions 7
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Skepticism relation between argumentation frameworks

The Basic idea

@ e @ @

More skeptical Less skeptical
(less committed) (more committed)

The General relation

O -0 A
?@@ > AF, =" AF,
J

[ partial order]

AF, AF,
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Skepticism relation between argumentation frameworks

jﬁmaximal AF [resolutions in (Modgil 06)]
A
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Skepticism-related criteria definition

Skepticism-adequacy of a semantics

Given a skepticism relation <" between sets of extensions,
a semantics S is <-adequate iff for any AF,, AF,

AF=*AF, = &g (AF,) =& (AR,)

Resolution-adequacy of a semantics

Given a skepticism relation <" between sets of extensions,
a semantics S is jEresqution-adequate iff for any AF

Uar o rescary €s (AF) <F Es (AF)
Implication orders

. i\f\,-adequacy = iEn-adequacy

E .
° iw-resolutlon-adequacy = iEn-resqution-adequacy
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Skepticism adequacy: semantics characterization

e Grounded semantics: skepticism adequate (wrt. all forms)

GE jpo00 O GExf > =, - adequate

e A simple example

@ B v @@
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Skepticism adequacy in action:
preferred and semistable semantics

e A problematic example

& 0
o B

The only preferred extension is The only admissible set is @

{a, &} — the unique preferred and

= it is also the unique semistable semistable extension is @
extension

<E skepticism adequacy (therefore skepticism adequacy in any form)

-/ N
is NOT satisfied by preferred and semistable semantics
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Skepticism Adequacy in action:
CF2 and stable semantics

e CF2 semantics:

All extensions of AF are also extensions of AF < (B @)

> =,y - adequate

D D
Pomo

Extensions : maximal conflict-free sets in both cases

e Stable semantics: if AF, jAAF2 and stable extensions exist for both of them,
then any stable extension of AF, is a stable extension of AF,

B> =<, - adequate
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Resolution adequacy in action:
grounded vs. preferred semantics

gGR (AF)={¢} UAF’DRES(AF) gs (AF’)={{GI 6}/ {BI 6}}
Epr (AF)= {{a, &}, {B, &}}

:> Preferred semantics: resolution adequate
[it can be proved to hold in all forms]

Grounded semantics: NO (in any form!) .



Resolution adequacy in action: CF2 semantics

ruled out by a
[slightly complicate]
example

justified justified



Summarizing evaluation results

Here we consider only some semantics - see [Baroni & Giacomin ‘06]

Grounded | Preferred | CF2 | Semistable

CF-principle Yes Yes Yes Yes
Admissibility Yes Yes No Yes
Reinstatement Yes Yes No Yes
Weak reinstatement Yes Yes Yes Yes
CF-reinstatement Yes Yes Yes Yes
[-maximality Yes Yes Yes Yes
Directionality Yes Yes Yes No
Weak Skepticism Yes No Yes No
Adequacy [all forms]

Weak Resolution No Yes No Yes
Adequacy [all forms]
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Summarizing evaluation results

Here we consider only some semantics - see [Baroni & Giacomin ‘06]

Grounded | Preferred | CF2 | Semistable
CF-principle Yes Yes Yes Yes
Admissibility Yes Yes No Yes
Reinstatement Yes Yes No Yes
Weak reinstatement Yes Yes Yes Yes
CF-reinstatement Yes Yes Yes Yes

CAN DESIRABLE CRITERIA
BE SATISFIED ALTOGETHER?

Weak Resolution No Yes No Yes
Adequacy [all forms]




YESI!!

<: RESOLUTION-BASED SCHEME
OF SEMANTICS DEFINITION:

From S to S*
LResolution-based grounded semantics

Turns out to be satisfactory also wrt
computational complexity issue

[see IJCAI'09, to appear]
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