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Introduction Semantics

Argumentation: stakes

A model of reasoning based on the need to justify.
Essential for deciding, convincing, explaining, ...
.

A multidisciplinary theme

Artificial Intelligence [Loui (1987), Pollock (1987)]
Philosophy [Aristote, Toulmin (1958)]
Psychology [McGuire (1960)]
Linguistics [van Eemeren et al. (1996)]

.

Examples of applications

Medical: argumentative diagnostic support system
Legal : argument-based decisions on the law
Online debate systems (e.g. DebateGraph, Debatepedia,
idebate, ProCon)
Conflict resolution systems (e.g. CyberSettle)
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Introduction Semantics

Argumentation in AI: process

Different issues (e.g. decision-making, classification, negotiation, ...)

Initial Data (e.g. texts, knowledge base, online debate, ...)

Extracted Argumentation Graph (arguments, relations, weights, … )

Evaluated Argumentation Graph

Conclusion (e.g. inferred knowledge, debate winner, ...)

Argument mining

Semantics

Decision-making theory

Step 1: extraction

Step 2: reasoning

Step 3: conclude
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Introduction Semantics

Decision-Making in Argumentation (Step 1)

▪ i1 = The mushroom has a good smell.
▪ i2 = Generally (80% of the cases) mushrooms with a good smell are not poisonous.
▪ i3 = It seems that the mushroom smells like almonds (40% certainty).
▪ i4 = A mushroom that smells like almonds is a mushroom defined as having a good smell.
▪ i5 = The mushroom was found in a damp place.
▪ i6 = A mushroom found in a damp place can be poisonous (60% of the cases).
▪ i7 = The mushroom was found in a place where it has recently rained.
▪ i8 = When a place is damp but it has recently rained, it is possible (50%) that the place was not damp before the rain.

Textual Database

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

Extracted Probabilistic Bipolar Argumentation Graph

w = 0.8

w = 0.6

w = 0.5w = 0.4

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >
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Introduction Semantics

Decision-Making in Argumentation (Step 2)

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

w = 0.8

w = 0.6

w = 0.5w = 0.4

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

Evaluated Probabilistic Bipolar Argumentation Graph

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >

P(A1) = 0.7

P(A2) = 1

P(A3) = 0.1

P(A4) = 1

Semantics

Extracted Probabilistic Bipolar Argumentation Graph
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Introduction Semantics

Decision-Making in Argumentation (Step 3)

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

Evaluated Probabilistic Bipolar Argumentation Graph

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >

P(A1) = 0.7

P(A2) = 1

P(A3) = 0.1

P(A4) = 1

Conclusion

▪ The mushrooms has probably a good smell and was not in a damp place
▪ The mushrooms is not poisonous (0.7)
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Introduction Semantics

Process of Probabilistic Semantics

Initial Graph: AF Constellation of worlds Acceptability Probability

0.4

0.2

p(𝜔1) = 0.4 *(1-0.2) = 0.32 p(𝜔2) = (1-0.4) * 0.2 = 0.12

p(𝜔3) = 0.4 * 0.2 = 0.08 p(𝜔4) = (1-0.4) *(1-0.2) = 0.48

where R are the relations in the initial graph and R’ in a world

Let X a set of arguments in AF and
S an extension-based semantics

where InS(𝜔, X) = 1 if 𝑋 is a subset 
of each extension of S in 𝜔, 

otherwise = 0

For instance: Pgr(A3) = 0.48

A1

A2

A3

A1

A2

A3

A1

A2

A3

A2 A1

A3

A2

A1

A3

A2
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Introduction Semantics

Complete Semantics

Complete Semantics

A1

A4

A3

A2

A1

A4

A3

A2

A1

A4

A3

A2

A1

A4

A3

A2

Initial Graph Unattacked
arguments are 

accepted

Attacked arguments by 
accepted arguments are 

rejected

Defended arguments 
are accepted

L : A → {in, out, und}

in = accepted, out = rejected and und = undecided

1. L(A) = in if and only if |L(att) = in| < |L(def) = in| or |att| = 0 

2. L(A) = out if and only if |L(att) = in| > |L(def) = in| 

3. L(A) = und if and only if |L(att) = in| = |L(def) = in| or |def| = 0 and L(att) = und 
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Introduction Semantics

Extensions

Complete Semantics

A1

A4

A3

A2

A1

A4

A3

A2

A1

A4

A3

A2

Initial Graph Unattacked
arguments are 

accepted

Extensions

A1

A4

A3

A2

A1

A4

A3

A2

3. L(A) = und if and only if |L(att) = in| = |L(def) = in| 

or |def| = 0 and L(att) = und 
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Introduction Semantics

Constellation

Constellation

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

ω1 = 0.096

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

ω2 = 0.096 ω3 = 0.064 ω4 = 0.024 ω5 = 0.144

ω6 = 0.064 ω7 = 0.024 ω8 = 0.144 ω9 = 0.016 ω10 = 0.096 ω11 = 0.036

ω15 = 0.024ω14 = 0.036ω13 = 0.096ω12 = 0.016

ω16 = 0.024
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Introduction Semantics

Acceptability Probability of A1 with Complete Semantics

Constellation

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

ω1 = 0.096

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

A1 A3

A2 A4

ω2 = 0.096 ω3 = 0.064 ω4 = 0.024 ω5 = 0.144

ω6 = 0.064 ω7 = 0.024 ω8 = 0.144 ω9 = 0.016 ω10 = 0.096 ω11 = 0.036

ω15 = 0.024ω14 = 0.036ω13 = 0.096ω12 = 0.016

ω16 = 0.024

P(A1) = 0.7
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Introduction Semantics

Example with Probabilistic Complete Semantics

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

Extracted Probabilistic Bipolar Argumentation Graph
w = 0.8

w = 0.6

w = 0.5w = 0.4

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >

P(A1) = 0.7

P(A2) = 1

P(A3) = 0.1

P(A4) = 1

Probabilistic Complete Semantics

Evaluated Probabilistic Bipolar Argumentation Graph
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Introduction Semantics

Explanation from an Evaluated Argumentation Graph

A1 = < {i1(good smell) and i2}, 
The mushrooms is not poisonous >

A2 = < {i3 and i4}, 
The mushrooms has probably a 

good smell >

A3 = < {i5(damp) and i6}, 
The mushrooms is poisonous >

A4 = < {i7 and i8}, 
the place was probably not damp >

P(A1) = 0.7

P(A2) = 1

P(A3) = 0.1

P(A4) = 1

Conclusion

▪ The mushrooms has probably a good smell and was not in a damp place
▪ The mushrooms is not poisonous (0.7)

Evaluated Probabilistic Bipolar Argumentation Graph

w = 0.5

w = 0.8

w = 0.6

w = 0.4
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