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Claim-Centric Argumentation

A First Definition

Argumentation is the study of processes “concerned with how assertions
are proposed, discussed, and resolved in the context of issues upon which
several diverging opinions may be held”.
[Bench-Capon & Dunne: Argumentation in AI. Artif. Intell. 171:619-641, 2007]
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A First Definition

Argumentation is the study of processes “concerned with how assertions
are proposed, discussed, and resolved in the context of issues upon which
several diverging opinions may be held”.
[Bench-Capon & Dunne: Argumentation in AI. Artif. Intell. 171:619-641, 2007]

Tasks: Decision Support/Making, Persuasion, Dialogues,
Negotiation, Dialectical Reasoning, ..

Challenges: inconsistency, inherently dynamic, empathy, strategic
thinking, ...
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Claim-Centric Argumentation

Convincing? Not yet ...

Further arguments might be needed to obtain a full picture

Relation between arguments needs to be drawn on solid logical
grounds

Ultimately, this leads to a network of arguments instead of a simple
list of pro and cons.

Desiderata:

• Evaluation: which arguments
are jointly acceptable?

• Short response times

• Good visualisation required
(avoid bias)
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Claim-Centric Argumentation

Outline

Vision: Informed Citizens in a Web of Arguments

The Gold Standard: Dung’s Argumentation Frameworks

Beyond Dung: Acceptance Problems from a Claim-Centric View
• Argumentation and LP Revisited
• Complexity
• Preferences
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Claim-Centric Argumentation

Seminal Paper by Phan Minh Dung:
On the acceptability of arguments and its fundamental
role in nonmonotonic reasoning, logic programming and n-
person games. Artif. Intell. 77(2):321–358, 1995.

“The purpose of this paper is to study the fundamental mechanism,
humans use in argumentation, and to explore ways to implement this
mechanism on computers.”

“The idea of argumentational reasoning is that a statement is
believable if it can be argued successfully against attacking
arguments.”

“[...] a formal, abstract but simple theory of argumentation is
developed to capture the notion of acceptability of arguments.”

Stefan Woltran Sep 9, 2022 Page 11



Claim-Centric Argumentation

Seminal Paper by Phan Minh Dung:
On the acceptability of arguments and its fundamental
role in nonmonotonic reasoning, logic programming and n-
person games. Artif. Intell. 77(2):321–358, 1995.

“The purpose of this paper is to study the fundamental mechanism,
humans use in argumentation, and to explore ways to implement this
mechanism on computers.”

“The idea of argumentational reasoning is that a statement is
believable if it can be argued successfully against attacking
arguments.”

“[...] a formal, abstract but simple theory of argumentation is
developed to capture the notion of acceptability of arguments.”

Stefan Woltran Sep 9, 2022 Page 11



Claim-Centric Argumentation

Seminal Paper by Phan Minh Dung:
On the acceptability of arguments and its fundamental
role in nonmonotonic reasoning, logic programming and n-
person games. Artif. Intell. 77(2):321–358, 1995.

“The purpose of this paper is to study the fundamental mechanism,
humans use in argumentation, and to explore ways to implement this
mechanism on computers.”

“The idea of argumentational reasoning is that a statement is
believable if it can be argued successfully against attacking
arguments.”

“[...] a formal, abstract but simple theory of argumentation is
developed to capture the notion of acceptability of arguments.”

Stefan Woltran Sep 9, 2022 Page 11



Claim-Centric Argumentation

Seminal Paper by Phan Minh Dung:
On the acceptability of arguments and its fundamental
role in nonmonotonic reasoning, logic programming and n-
person games. Artif. Intell. 77(2):321–358, 1995.

“The purpose of this paper is to study the fundamental mechanism,
humans use in argumentation, and to explore ways to implement this
mechanism on computers.”

“The idea of argumentational reasoning is that a statement is
believable if it can be argued successfully against attacking
arguments.”

“[...] a formal, abstract but simple theory of argumentation is
developed to capture the notion of acceptability of arguments.”

Stefan Woltran Sep 9, 2022 Page 11



Claim-Centric Argumentation

Argumentation Frameworks

. . . thus abstract away from everything but attacks

Example

a

b d

c

f e
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Argumentation Frameworks
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Claim-Centric Argumentation

Complexity Results – Dung AFs

Basic Decision Problems:

Credσ: is an argument contained in some σ-extension?

Skeptσ: is an argument contained in all σ-extensions?

Verσ: is a set of arguments a σ-extension?

σ Credσ Skeptσ Verσ
cf in P trivial in P
naive in P in P in P
grd P-c P-c P-c
stb NP-c coNP-c in P
adm NP-c trivial in P
comp NP-c P-c in P
pref NP-c ΠP

2 -c coNP-c
sem ΣP

2 -c ΠP
2 -c coNP-c

stage ΣP
2 -c ΠP

2 -c coNP-c
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Claim-Centric Argumentation

We observe a certain gap:

Due to the abstraction, reasoning is solely based on argument
names, rather than on their claims

in fact, several arguments might have the same claim

thus, checking whether a claim is supported by every possible
extension is a different problem compared to checking whether an
argument is contained in every possible extension

we propose a shift from an argument-centric view to a claim-centric
view

Stefan Woltran Sep 9, 2022 Page 14



Claim-Centric Argumentation

On the Relation of Logic Programming and Argumentation

r0: a← not d
r1: d ← not a
r2: b ← not a

r3: c ← not c, not b
r4: e ← not e
r5: e ← not a, not e

A0

aA2b

A3c

A1d

A5

e

A4

e

Logic Program P Resulting AF F (with claims)

Translation from Logic Programs (LPs) to AFs
(Caminada et al., 2015)

• Rule ri corresponds to argument Ai , head of ri gives claim of Ai

• Ai with claim c attacks Aj if not c appears in body of rule rj

Many LP semantics expressible as AF semantics (e.g., stable
semantics)

However, not every LP semantics is expressible as AF semantics as
already observed by Caminada et al. (e.g., L-stable model semantics)
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Claim-Centric Argumentation

Argumentation Frameworks with Claims

Definition

A Claim-augmented Argumentation Framework (CAF) is a triple (A,R, γ)
where (A,R) is an AF and γ : A→ C maps arguments to claims.

A0

aA2b

A3c

A1d

A5

e

A4

e

CAF CAF = (A,R, γ)

Definition

A CAF (A,R, γ) is called well-formed if, for any a, b with γ(a) = γ(b),
{c | (a, c) ∈ R} = {c | (b, c) ∈ R}.
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Claim-Centric Argumentation

Semantics Straight-Forward?

Definition

For a semantics σ, we define the inherited variant as follows:

σc((A,R, γ)) = {γ(S) | S ∈ σ((A,R))}.

(Given a set S ⊆ A of arguments and γ : A→ C , let γ(S) = {γ(a) | a ∈ S}.)
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Claim-Centric Argumentation

Semantics Straight-Forward?

Example (Semi-stable semantics)

For AF (A,R), S ⊆ A, S+ denotes the set of arguments attacked by S .
S is semi-stable if S is conflict-free & defends itself (admissible) and
there is no admissible set T with S ∪ S+ ⊂ T ∪ T+ (subset-maximal
range)

A0

aA2b

A3c

A1d

A5

e

A4

e

A0

A2

A3

A1

A0

A2

A1

A5

Semi-stable extensions of (A,R):
sem((A,R)) = {{A1,A2},

{A0}}

inherited semi-stable extensions: semc(CAF) = {{b, d}, {a}}
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Claim-Centric Argumentation

Claim-Level Semantics for CAFs (I)

Idea: Maximization on claim-level instead of argument-level
• simple for, e.g., preferred semantics.

Problem: Semi-stable requires maximization of range
↪→ We introduce claim-defeat in order to maximize range of
claim-sets

Definition (Defeat of claims)

Let CAF = (A,R, γ). E ⊆ A defeats c ∈ γ(A) if E attacks every a ∈ A
with γ(a) = c . disCAF(E ) denotes the set of all defeated claims of E .

A0

aA2b

A3c

A1d

A5

e

A4

e

A0

A2

A3

A1 • defeated claims of {b, d}: a, c
• range of {b, d}: {a, b, c , d}
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Claim-Centric Argumentation

Claim-Level Semantics for CAFs (II)

Definition (cl-semi-stable semantics)

Let CAF = (A,R, γ). S ⊆ γ(A) is a cl-semi-stable claim-set if there is an
admissible set of arguments E ⊆ A with γ(E ) = S such that there is no
admissible set of arguments G ⊆ A with
S ∪ disCAF(E ) ⊂ γ(G ) ∪ disCAF(G ).

A0

aA2b

A3c

A1d

A5

e

A4

e

A0

A2

A3

A1

A0

A2

A1

A5

• range of {b, d}: {a, b, c , d}

• range of {a}: {a, b, d}

Range of {a} is not subset-maximal
↪→ Unique cl-semi-stable claim-set of CAF is {b, d}.
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Claim-Centric Argumentation

Relations between Semantics

stbc

cl-stbadm

cl-sem
semc

stgc

cl-stg

cl-stbcf

prfc
cl-prf

naivec
cl-naive

admc

cfc

Relations between semantics for CAFs

stbc = cl-stbcf = cl-stbadm

cl-semsemc stgccl-stg

prfc = cl-prf

naivec

cl-naive

admc

cfc

Relations for well-formed CAFs

An arrow from σ to τ indicates σ(CAF) ⊆ τ(CAF) for every CAF CAF.

Wolfgang Dvorák, Anna Rapberger, Stefan Woltran: Argumentation
Semantics under a Claim-centric View: Properties, Expressiveness and
Relation to SETAFs. KR 2020: 341-350
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Claim-Centric Argumentation

Complexity Results – General CAFs

Decision Problems Reformulated:

Credσ: is a claim contained in some σ-extension?

Skeptσ: is a claim contained in all σ-extensions?

Verσ: is a set of claims a σ-extension?
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Claim-Centric Argumentation

Complexity Results, Inherited Semantics

σ Credσ Skeptσ Verσ
cf in P trivial NP-c
naive in P coNP-c NP-c
grd P-c P-c P-c
stb NP-c coNP-c NP-c
adm NP-c trivial NP-c
comp NP-c P-c NP-c
pref NP-c ΠP

2 -c ΣP
2 -c

sem ΣP
2 -c ΠP

2 -c ΣP
2 -c

stage ΣP
2 -c ΠP

2 -c ΣP
2 -c

Results that deviate from the corresponding results for AFs are
highlighted in bold-face.
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Claim-Centric Argumentation

Complexity Results - Exemplary Proof

Theorem

Ver stb is NP-complete.

Proof Sketch (Hardness). We reduce from 3-SAT. Let ϕ be given as set
Cl = {cl1, . . . , clm} of clauses over atoms X . We construct a CAF
CAF = (A,R, γ) with the arguments given by the two sets
V = {xi | x ∈ X , x ∈ cli} and V̄ = {x̄i | x ∈ X ,¬x ∈ cli}:

A = V ∪ V̄ R = {(xi , x̄j), (x̄j , xi ) | xi ∈ V , x̄j ∈ V̄ }
γ(xi ) = i for xi ∈ V and γ(x̄i ) = i for x̄i ∈ V̄ .

It holds that ϕ is satisfiable iff {1, . . . ,m} is stable.

Example: ϕ = {{x , y ,¬z}, {¬y , z}, {¬x ,¬y}, {y , z}, {¬z}}.

x1 1 y1 1

z̄1 1ȳ2 2

z2 2

x̄3 3 ȳ3 3

y4 4 z4 4

z̄5 5

Stefan Woltran Sep 9, 2022 Page 24



Claim-Centric Argumentation

Complexity Results - Exemplary Proof

Theorem

Ver stb is NP-complete.

Proof Sketch (Hardness). We reduce from 3-SAT. Let ϕ be given as set
Cl = {cl1, . . . , clm} of clauses over atoms X . We construct a CAF
CAF = (A,R, γ) with the arguments given by the two sets
V = {xi | x ∈ X , x ∈ cli} and V̄ = {x̄i | x ∈ X ,¬x ∈ cli}:

A = V ∪ V̄ R = {(xi , x̄j), (x̄j , xi ) | xi ∈ V , x̄j ∈ V̄ }
γ(xi ) = i for xi ∈ V and γ(x̄i ) = i for x̄i ∈ V̄ .

It holds that ϕ is satisfiable iff {1, . . . ,m} is stable.

Example: ϕ = {{x , y ,¬z}, {¬y , z}, {¬x ,¬y}, {y , z}, {¬z}}.

x1 1 y1 1

z̄1 1ȳ2 2
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Claim-Centric Argumentation

Complexity Results, Claim-based Semantics

σ Cred σ Skeptσ Ver σ
cl-stbadm NP-c coNP-c NP-c
cl-stbcf NP-c coNP-c NP-c
cl-prf NP-c ΠP

2 -c DP-c
cl-naive in P ΠP

2 -c DP-c

cl-sem ΣP
2 -c ΠP

2 -c ΣP
2 -c

cl-stg ΣP
2 -c ΠP

2 -c ΣP
2 -c

Results that deviate from the corresponding AF results are in bold-face;
results that deviate from those w.r.t. inherited semantics are underlined.
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Claim-Centric Argumentation

Complexity Results – Well-formed CAFs

For the important class of well-formed CAFs, complexity drops back on
AF level for most cases.

Exceptions:

Skeptical acceptance for naive semantics remains coNP-complete
(for both variants)

Some deviations for restricted graph classes

Wolfgang Dvorák, Alexander Greßler, Anna Rapberger, Stefan Woltran:
The Complexity Landscape of Claim-Augmented Argumentation
Frameworks. AAAI 2021: 6296-6303.
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Claim-Centric Argumentation

Preferences in Argumentation Frameworks

A Preference-based AF1 is a triple (A,R,�).
• If x � y then x is stronger than y .
• Critical attack: x � y but (y , x) ∈ R.

a b c Example PAF with a � b and b � c

a b c Reduction 1 (deletion)

a b c Reduction 2 (reversal)

a b c Reduction 3 (conservative deletion)

a b c Reduction 4 (defense)

1Kaci et al. (2018): Preference in Abstract Argumentation, COMMA 2018.
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Claim-Centric Argumentation

Benefits of well-formedness

Well-formed CAFs constitute natural class of CAFs.

Key benefits in two areas:

• I-maximality . . . a semantics σ preserves I-maximality if for
σ-extensions S ,T we have that S ⊆ T implies S = T .

naive stb pref sem stage

CAF x x x x x
wfCAF x X X X X

• Complexity of verification . . . given a CAF F and a set of claims C ,
is C a σ-extension of F?

σ CAF wfCAF

cf/adm/naive/stb/comp NP-c in P
pref /sem/stage ΣP

2 -c coNP-c
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Claim-Centric Argumentation

Preference-based CAFs

A PCAF is a quadruple (A,R, γ,�) such that (A,R, γ) is a
well-formed CAF and (A,R,�) is a PAF.

a

α

b

β

c

α

Example PCAF P with a � b and b � c

Let Ri (P) be the result of applying Reduction i to a PCAF P.

a

α

b

β

c

α

R1(P) for above example PCAF
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Claim-Centric Argumentation

Preference-based CAFs

Four new CAF classes (i ∈ {1, 2, 3, 4}):

Ri -CAF = {Ri (P) | P is a PCAF}

Is every CAF in Ri -CAF?

No!

The following CAF is in none of the four classes:

a1

α
a2

α

For all i ∈ {1, 2, 3, 4}: wfCAF ⊂ Ri -CAF ⊂ CAF.

Proposition

For all i ∈ {1, 2, 4} and all j ∈ {1, 2, 3, 4} such that i 6= j it holds that
Ri -CAF 6⊆ Rj -CAF and R3-CAF ⊂ Ri -CAF.
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Claim-Centric Argumentation

I-maximality in PCAFs

Recall: a semantics σ preserves I-maximality if for σ-extensions S ,T
we have that S ⊆ T implies S = T .

Results for PCAFs:

naive stb pref sem stage
R1,2,4 x x x x x
R3 x X X X x

Reduction 3 is the most conservative of the reductions:
• conflicts are never completely deleted;
• no new attacks are introduced.
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Claim-Centric Argumentation

Complexity of Verification in PCAFs

Recall the verification problem: given a PCAF P and a set of claims
C , is C a σ-extension of P?

Results for PCAFs:

σ R1 R2,4 R3

cf/adm/naive/stb NP-c in P in P
comp NP-c NP-c in P

pref /sem/stage ΣP
2 -c coNP-c coNP-c

Reductions 2 and 4 do not remove conflicts,
but can introduce new attacks.

So far, results only for inherited CAF semantics ...

Michael Bernreiter, Wolfgang Dvorák, Anna Rapberger, Stefan Woltran: The

Effect of Preferences in Abstract Argumentation Under a Claim-Centric View.

NMR’22.

Stefan Woltran Sep 9, 2022 Page 32



Claim-Centric Argumentation

Complexity of Verification in PCAFs

Recall the verification problem: given a PCAF P and a set of claims
C , is C a σ-extension of P?

Results for PCAFs:

σ R1 R2,4 R3

cf/adm/naive/stb NP-c in P in P
comp NP-c NP-c in P

pref /sem/stage ΣP
2 -c coNP-c coNP-c

Reductions 2 and 4 do not remove conflicts,
but can introduce new attacks.

So far, results only for inherited CAF semantics ...

Michael Bernreiter, Wolfgang Dvorák, Anna Rapberger, Stefan Woltran: The

Effect of Preferences in Abstract Argumentation Under a Claim-Centric View.

NMR’22.

Stefan Woltran Sep 9, 2022 Page 32



Claim-Centric Argumentation

Complexity of Verification in PCAFs

Recall the verification problem: given a PCAF P and a set of claims
C , is C a σ-extension of P?

Results for PCAFs:

σ R1 R2,4 R3

cf/adm/naive/stb NP-c in P in P
comp NP-c NP-c in P

pref /sem/stage ΣP
2 -c coNP-c coNP-c

Reductions 2 and 4 do not remove conflicts,
but can introduce new attacks.

So far, results only for inherited CAF semantics ...

Michael Bernreiter, Wolfgang Dvorák, Anna Rapberger, Stefan Woltran: The

Effect of Preferences in Abstract Argumentation Under a Claim-Centric View.

NMR’22.

Stefan Woltran Sep 9, 2022 Page 32



Claim-Centric Argumentation

Complexity of Verification in PCAFs

Recall the verification problem: given a PCAF P and a set of claims
C , is C a σ-extension of P?

Results for PCAFs:

σ R1 R2,4 R3

cf/adm/naive/stb NP-c in P in P
comp NP-c NP-c in P

pref /sem/stage ΣP
2 -c coNP-c coNP-c

Reductions 2 and 4 do not remove conflicts,
but can introduce new attacks.

So far, results only for inherited CAF semantics ...

Michael Bernreiter, Wolfgang Dvorák, Anna Rapberger, Stefan Woltran: The

Effect of Preferences in Abstract Argumentation Under a Claim-Centric View.

NMR’22.

Stefan Woltran Sep 9, 2022 Page 32



Claim-Centric Argumentation

Summary

Formulated a vision towards a Web of Arguments

Proposal for a core formalism to evaluate a network of arguments
under a claim-centric view (CAFs)

• Different definition of semantics
• Complexity issues (verification becomes harder for general CAFs)
• Effect of preferences
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