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Many semantics

A variety of argumentation semantics have been proposed
in the context of Dung’s framework

Traditional semantics (Dung 95):
e Grounded

e Complete

e Stable

e Preferred

Recent semantics include:

e CF2 (Baroni, Giacomin, Guida 05)
e Semi-stable (Caminada 06)

e Ideal (Dung, Mancarella, Toni 06)
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W la différence !

e alternative intuitions and viewpoints

e suitability for different application domains

e fruitful debates opening new research directions
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France or Italy?

Don’t look to what divides you, look to
what unites you (Pope John XXIII)

e common behavior in some (many, most?) cases
e shared principles behind (partial) differences

e pbasic reference behavior

e (ir)relevance of choosing a specific semantics



Aim of the work

Creating a systematic basis for the study of agreement
between argumentation semantics by

providing a classification of argumentation frameworks with
respect to the issue of semantics agreement

considering the seven semantics mentioned before:
e GRounded

e COmplete

e STable

e PReferred

e CF2

e SemiSTable
e |Deal
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Dung’s Argumentation Framework

AF = <A, ->
‘ \— attack relation

Defeat graph

Semantics

argumen

Extensions

Es(AF)

The set of
extensions
prescribed by
semantics S
for AF



Definition of semantics agreement

Two semantics 31 and Sg are in agreement about an
argumentation framework AF if g, (AF) = Eg, (AF)

We require that both S1 and So admit extensions for AF,

namely 5,5'1 (AF)% () and 532 (AF) % 0

In other words, for a semantics O, agreement is evaluated
only about argumentation frameworks where S is defined

Only ST may be undefined for some AF



EXisting results on agreement

Grounded, stable and preferred semantics are in agreement
about AF if AF is well-founded [Dung, AlJ 95]
(when AF is finite, well-founded is equivalent to acyclic)

Stable and preferred semantics are in agreement about AF if
AF is limited controversial [Dung, AlJ 95]

(when AF is finite, limited controversial is equivalent to free
of odd-length cycles)

Stable, preferred and naive semantics are in agreement
about AF if AF is symmetric (all attacks are mutual)
[Coste-Marquis et al., ECSQARU 05]

Agreement in three topological classes of argumentation
frameworks related with the notion of strongly connected-
components investigated in [Baroni&Giacomin, ARGNMR 07]



Existing results on agreement vs. ...

Relatively limited attention to the issue of agreement after
Dung’s paper, with some recent revival

A few agreement classes identified considering mainly
topological properties of argumentation frameworks



... a complementary perspective

Systematic identification of all possible agreement classes
(given the considered set of semantics)

Based on general set-theoretical properties of semantics
extensions rather than on topological properties of
argumentation frameworks



Agreement classes: notation and basic properties

Given a set S of argumentation semantics, the set of
argumentation frameworks where all semantics in S

agree will be denoted as AQR(S)

eg. AGR({PR,ST,SST)})
denotes the set of argumentation frameworks where
preferred, stable and semi-stable semantics agree

Clearly S1 C Sy = AQ’R(SZ) C AgR(Sl)
E.gQ.

AGR({ID,ST,PR,SST}) CAGR({PR,ST,SST})

It may be (and it is) the case that for some different sets of

semantics Sqand So it holds thatAgR(Sl) — AQ”R(SQ)



Agreement classes: how many?

Given that we consider a set of 7 argumentation semantics,
) ={GR.ID.CO,PR.ST,CF2,8ST}

any subset S of () such that ‘S‘ > 2 gives rise, in principle,
to an agreement class (120 classes in total)

We have proved that most of these 120 classes are not

actually different: only 14 distinct classes exist



Agreement classes: which kind of analysis?

Agreement classes are denoted as 2, ... 24,4
We proceed by partial order of inclusion: if 2; Zj then j > i

For each class 2; three main steps have been carried out:
1. identifying which classes 2,, with k<i, are included in 2;
2. for each of these classes X, showing that Z; \ 2, # &
3. for any 2, with h<i and X2, ¢ X; , examining 2;NX,

For any set § of semantics not directly corresponding to any

of 2, .. X1, itis shown that AQR(S) coincides with one
of them
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which (known) properties we use?

Several kinds of inclusion relations between (sets of) extensions:
for any argumentation framework AF
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Agreement classes:
which (known) properties we use?

Several kinds of inclusion relations between (sets of) extensions:
for any argumentation framework AF

- SPR(AF) C gc@(AF)

s EssT(AF) C Epr(AF) Y ot i am oxtoncion

. GE(AF) c gCO(AF) of another kind

-VE € £ 5(AF)
GE(AF) C E with

R.ST.SST,CF2)

VE € Eco(AF) dE" € Epr(AF) : E C FE
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Agreement classes:
which kind of properties we prove?

As intermediate steps, we have proved several lemmata based on
the inclusion relationships like the following

Lemma 3 If |Eco(AF)| =1, then Eco(AF) = Egr(AF) = Epr(AF)

Lemmad4 Let S € {PR,ST.S8T,CF2}, if GE(AF) € Es(AF)
then Es(AF) = {GE(AF)}

Lemma 6 If £s7(AF) = {GE(AF)} then Ecpa(AF) = {GE(AF)}

Lemma 8 If Ecpa(AF) = Erp(AF) = {ID(AF)}
then Ecpa(AF) = Epr(AF)

Lemma 10 If Ecpa(AF) C AS(AF) then Ecpa(AF) = Epr(AF)
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Agreement classes:
which kind of properties we prove?

As intermediate steps, we have proved several lemmata based on
the inclusion relationships like the following

Lemma 3 If |Eco(AF)| =1, then Eco(AF) = Egr(AF) = Epr(AF)

Lemmad4 Let S € {PR,ST.S8T,CF2}, if GE(AF) € Es(AF)
then Es(AF) = {GE(AF)}

Lemma 6 If £s7(AF) = {GE(AF)} then Ecpa(AF) = {GE(AF)}

Lemma 8 [f Ecp2(AF) = Egp(AF) = {IDIAFY} |
then Ecpa(AF) = Epg (AF Implications of extension

properties
LEcra(AF) C ASATD

Lemma 1(

hen (“:CFQ(AF) = EpR (AF)




Agreement classes: coincidence

Coincidence of agreement classes follows (almost directly) from
the lemmata. Examples are:

If (GR,ST} C S then AGR(S) = %,
If {ID,CF2} C S then AGR(S) € {¥4,25}

If{GR,SST} CSAN{ST,CF2} NS) =10
then AGR(S) = X3

[CF2.8T} CSC {CF2,8T.PR.SST} = AGR(S) = g

{CF2,88T} CSC{CF2,PR,SST} = AGR(S) = %19



Agreement classes: unigque-status behavior

PR=SST=ID
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PR=CF2=SST=ID
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Agreement classes: GR unique-status behavior

PR=SST=ID z, GR=PR=SST=ID=CO ¥,
. PR=CF2=SST=ID GR=PR=CF2=SST=ID=CO

s &) >

PR=ST=SST=ID PR=CF2=ST=SST=ID

S >,

2

1
28 GR=

2., is the class where all 8 GR=ID

GR=ST=PR=CF2=SST=ID=CO

the considered semantics agree (in particular with GR)

It includes (for instance) acyclic argumentation frameworks

like AF,= (o)
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Agreement classes: GR unique-status behavior

PR=SST=ID 27 GR=PR=SST =ID=CO 23
. PR=CF2=SST=ID GR=PR=CF2=SST=ID=CO

2 2,

PR=ST=SST=ID PR=CF2=ST=SST=ID GR=ST=PR=CE2=SST=ID=CO
S 5,

z:8 GR=ID
2.4 is the class where all but

CF2 semantics agree (while ST may be undefined)

23\ 2, # @ as it includes AF;= A/@



A note on complete semantics

The grounded extension belongs to the set of complete
extensions (is the least complete extension)

For all semantics considered in this paper, except CO, it
holds that no extension can be a proper subset of another
extension

For all semantics considered in this paper, any extension is a
superset of the grounded extension

It follows that agreement with CO is possible for a multiple-
status semantics only if also agreement with GR holds

As a consequence CO only appears in agreement classes
2,205,213



Agreement classes: GR unique-status behavior

PR=SST=ID z, GR=PR=SST=ID=CO ¥,
. PR=CF2=SST=ID GR=PR=CF2=SST=ID=CO

2 2,

PR=ST=SST=ID PR=CF2=ST=SST=ID GR=ST=PR=CE2=SST=ID=CO
S 5,

2.g is the only other class
of agreement involving GR

Examples of argumentation frameworks in Xg \ X will be

given when examining its intersections with multiple-status
agreement classes



Agreement classes: ID unique-status behavior

PR=SST=ID 27

GR=PR=SST=ID=CO ¥,
.ﬂ PR=CF2=SST=ID

GR=PR=CF2=SST=ID=CO

2

PR=ST=SST=ID PR=CF2=ST=SST=ID GR=ST=PR=CF2=SST=ID=CO

2., is the class where all but

CO and GR semantics agree

>, \2; # D asitincludes AF,= () (B)
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PR=SST=ID 27
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s %
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26 @ E
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CO and GR semantics agree,
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Agreement classes: ID unique-status behavior

PR=SST=ID 27

GR=PR=SST=ID=CO ¥,
.@ PR=CF2=SST=ID

GR=PR=CF2=SST=ID=CO

2

PR=ST=SST=ID PR=CF2=ST=SST=ID GR=ST=PR=CE2=SST=ID=CO

2 is the class where all but

CO, GR, and CF2 semantics agree

Y6 \ (Z,U2:)#D as it includes AF =



Agreement classes: ID unique-status behavior

PR=SST=ID z, GR=PR=SST=ID=CO ¥,
. PR=CF2=SST=ID GR=PR=CF2=SST=ID=CO

D, >

PR=ST=SST=ID PR=CF2=ST=SST=ID GR=ST=PR=CF2=55T=ID=CO
S 5,

2
1

_ Z8 GR=ID
2.- is the class where only

PR, SST, and ID semantics agree

2.\ (BgUZg UZ )= as it includes AF7=@\/:A@ A/QD




Agreement classes: multiple-status behavior

PR=SST=ID 27

PR=CF2=SST=ID

PR=ST=SST=ID PR:CF2=5T:33T:”3¥§

PR=ST=SST

211
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PR=SST=ID 27
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The %4 class

2g is the class where all multiple-status semantics (except
CO) agree

(Zg \ 2)NZg #J as it includes AF,

& %‘;’@
&

29 \ (Z4U28) ) as it includes AF,

Y
:



Agreement classes: multiple-status behavior

PR=SST=ID

PR=ST=SST

211




The X, class

2,0 IS the class where all multiple-status semantics (except

CO) agree on a multiple-status behavior but ST may be
undefined

(Z10MZg) \ (ZguUZ:) #J as it includes AF,, @/\/\@ @

2o \ (ZgUZs UXg) 20 as it includes AF,, @i:@ @



Agreement classes: multiple-status behavior

PR=SST=ID 27

PR=CF2=SST=ID

e _ bk B ||:-PR=CF2
PR=ST=SST=ID ||PR=CF2=ST=SST=ID|}} 5: DAEO 2 >

PR=ST=SST

211




The £, class

2,4 is the class where only traditional PR and ST (and hence
SST) agree while CF2 may differ

B

211\ GguZg UEg) #J as it includes AF,,

(211 NZ) \ (BgUZg) # as it includes AF, ;.



Agreement classes: multiple-status behavior

PR=SST=ID 27

PR=CF2=SST=ID

PR=ST=SST=ID

PR=ST=SST

211




The Z,, class

2.1, is the class where PR and SST agree and may differ from
CF2 while ST is undefined

(ZoNEg) \ (B UZn UE 1) #D as it includes AF,,

G P

2o\ (Z7UZ 0 UE 1 UEg) #J as it includes AF .

G Py

g



Agreement classes: multiple-status behavior

PR=SST=ID }:7

PR=CF2=SST=ID
> AF

PR=ST=SST=ID ||PR=CF2=sT=ssT=ID}:;
Dk >

PR=ST=SST

i




The X, class

2,4 is the class where ST is defined (and hence agrees with
SST) and may differ from any other

2,5 has articulated intersections with 2,, to be examined
later



Agreement classes: multiple-status behavior

PR=SST=ID

PR=CF2=SST=ID

PR=ST=SST

Z11




The X,, class — Regions of interest

2,4 Is the class corresponding to agreement between the last
pair to be considered: PR and CF2

Let us now examine the distinct regions related to 2,45 and

244 in the Venn diagram

5\ Z)N(Eg\ 2, ,) #D as it includes AF,,

m



The X,, class — Regions of interest

(Z15\ 2 0)N (214 \ Zg) #D as it includes AF, 5.
[y
GGy D Gyt

213\ BguZ,, UZ ) #J as it includes AF, ..

“’»@




The X,, class — Regions of interest

214\ (ZgUZ 5, UX,3) #J as it includes AF,,

Z14NZ) \ (21, UZ,3) 2 as it includes AF,,.

Gl e &




Agreement classes: multiple-status behavior

PR=SST=ID 27

PR=CF2=SST=ID
z @ o

PR=ST=SST=ID ||PR=CF2=ST=SST=IDi}::

PR=ST=SST

211




g and nothing else

There are argumentation frameworks where GR and 1D

agree while all other semantics disagree (and ST is
undefined)

2\ (X1,U253UE,,) #J as it includes AFg

@%@C‘@



Universal disagreement is possible

There are argumentation frameworks where no two
semantics agree (while ST is undefined) like AF,¢

@



A synthetic view

PR=SST
2:|.2 5
GR=|DZ8 13 ST=SST

T

PR=CF2=S§T2.1y 5211 ST=PR=SST

GR=PR=SST=ID=CO 23

PR:CF2:SST:|DZ5 26 ST=PR=SST=ID

/X f/ T
ST=PR=CF2=SST
5 2

GR=PR=CF2=SST=ID=CO), 4 ST=PR=CE2=SST=ID

2.1 GR=ST=PR=CF2=SST=ID=CO



A synthetic view

Unique-status agreement

Including GR , PR=SST

/ 3 ST=SST
DR=SST=ID 27 PR=CF2 214 /\

PR=CF2=5 TE 211 ST=PR=SST

GR=PR=SST=ID=CO 23

PR=CF2=9 TleZ5 26 ST=PR=SST=ID

ST=PR=CF2=SST
2

GR=PR=CF2=SST=ID=CO
22 4 ST=PR=CF2=SST=ID

¥FST=PR=CF2=SST=ID=CO



A synthetic view

Unique-status agreement

Including GE 3, PR=SST

213 ST=SST

M

11 ST=PR=SST
GR=PR=SST=ID=CO 23

29
ST=PR=CF2=SST
GR=PR=C 2:SST:|D:(:OZ2

Unique-status
agreement

Ssr-pr-dRCGHG0gG 1D not GR



A synthetic view

Unique-status agreement
Including GR

Unique-status
agreement

Multiple-status
agreement




Conclusions

A systematic analysis of agreement providing a reference
framework independent of any topological characterization

Next steps:

analyzing relationships between agreement classes and
topological families of argumentation frameworks

considering other argumentation semantics



