Using Matrix Exponentials
for Abstract Argumentation

Carl Corea'! and Matthias Thimm?

'Institute for Information Systems Research, University of Koblenz-Landau
2Institute for Web Science and Technologies, University of Koblenz-Landau

—]
g
—

September 13, 2016 @ EQI\MEVNE I-QL,SA\Il\lDAU



// NMotivation: Short version

(D

- Abstract Argumentation Framework with reinstatement
- Different semantics, e.g. extension-based semantics [Dung, 95]
- {in, out}
- e.g.A=in,B=out,C=in
- Absolute assessment, i.e. A and B could not be jointly accepted
- Question: Does this semantics truly reflect human argumentation?
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// NMotivation: Short version

(D

- Experiments to evaluate cognitive plausibility of reasoning models [Rahwan et al., 10]

- Different argumentation framework structures were shown to participants

- Participants were then asked to propose acceptable arguments

- Answers differed to some extent

- Participants were unconfident, unsure etc.

- Different participants proposed different outcomes to the same patterns

- In result, argumentation semantics should not be taken as self-evident [Rahwan et al., 10]

- Human decision-making does not underly an easily distinguishable black and white scheme
- Question: Are there semantics to incorporate this human trait?
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// NMotivation: Short version

(D

- Ranking-based Semantics [Amgoud, Ben-Naim, 13]
- Ranking of A, B and C instead of an absolute status
-e.g.B<A<C

- Question/Motivation of our work: How to compute said ranking?
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// NMotivation: Short version

(D

- Abstract argumentation semantics investigate graph-theoretic measures
on (directed) graphs

- Another field studying this mathematical object is (Social) Network Theory [Easley et al., 10]
- e.g. Friendship-graphs

- Nodes = Humans, Edges = (Friendship-)Relations

- Idea: Apply scientific results of Network Theory to abstract argumentation
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// NMotivation: Short version

- Link Prediction

- Measures that predict whether a new relationship will be established in the future
- e.g. Friendship recommendations

- These measures can assess relations between nodes (score) based on the
object of a (directed-) graph

- Hence, they can rank these relations by a respective score
- Idea: Use friendship recommendation measures to define ranking-based semantics
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// Use-Case

(),

score A score B score C

. Compute link prediction measure for the graph representing an
abstract argumentation framework

. Every node (argument) is assigned a score based on a link prediction measure
(Matrix Exponential)

. Agents can accept or reject nodes (arguments) based on this score
- Athreshold can be defined, as the score is a numerical value

v

Corea, Thimm - Matrix Exponentials




// Contributions

1. We investigate applying a link prediction measure to...
A. abstract argumentation

B. bipolar argumentation (not in this talk)
2. We validate our ranking-based semantics by...
A. analyzing its compliance with rationality postulates of
ranking-based semantics [Amgoud, Ben-Naim, 13] (not in this talk)

B. applying them to data-sets of the First International Competition on
Computational Models of Argumentation [I[CCMA’15]
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// Outling

® Preliminaries
Abstract argumentation

® Matrix Exponentials

Definition, Examples, Analysis

® Experiments
Setup and results

® Summary
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// Abstract argumentation

Definition

An abstract argumentation framework A is defined as a pair A = (Arg, Rax), where Arg
IS a finite set of arguments and Rax C Arg x Arg.

- For two arguments A,B € Arg, we say that A attacks B, iff (A,B) € Rax
which we denote A — B

- Semantics are given to an argumentation framework A by extensions,
l.e. sets S € Arg of jointly acceptable arguments
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// Abstract argumentation

Let A = (Arg, Ran)

Definition
S € Argis conflict-free iff there are no arguments A, Be S, suchthat A — B

S € Arg defends an argument A e Siffforall B¢ S, if B = A then there exists an
argument C e S, suchthat C —» B

Semantics
S € Argis admissible, iff Sis conflict-free and S defends all of its elements

Complete, Grounded, Preferred, and Stable semantics can be defined on top of that
[Dung, 95]
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// Outline ® Preliminaries
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// Graphs in Network Theory

- Graphs are used as a mathematical model for
relations between entities, e.g. friendships
Adjaceny Matrix

A graph G = (V,E) can be represented by its adjacency matrix A € {0,1} ViVl

Definition

| - 1, ifGij)€E
Every matrix component Aj is defined as Ajj = 0. otherwise
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// Graphs in Network Theory

Example

010]
(a)—(B)—(c) 001
000
(11) Adj;cency-matrix

(1)
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// Link prediction

- The adjacency matrices of social network graphs can be exploited for
link prediction
- Predict/Recommend new edges to be created for a user
- Friend-of-a-friend principle
-+ Users are recommended the friends of their own friends
- AZ? calculates friends-of-friends, i.e. paths of length 2
- Link prediction measure: Matrix exponential
- Incorporates paths of longer length for recommendation

Definition

The matrix exponential exp(A) of A is defined as

o Al

- The result is a IVIxIVI matrix that contains a so-called recommendation score
15
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// Link prediction: Matrix =xponential

Example

010] 1105
@—»@ 001 01 1
000 00 1
(ii) Adjacency matrix  (iii) Matrix exponential

®)
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// Jsing matrix exponentials for apstract argumentation

- Difference between edges in social graphs and argumentation frameworks
-+ Connotation (Friendship vs. Attack relation)
- Path length semantics

- Semantics of recommendation score are defined such that a
higher score is superior to a lower score [Kunegis, 10]
- Modification of adjacency matrix necessary

Definition

Let A = (Arg,Rax) be an abstract argumentation framework.
Every component of the adjusted adjacency matrix A’ € {-1,0} 'Argl xlArdl j5 defined as

Al = ;_1 JIf (4, a;) € Ray
710, otherwise
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// Jsing matrix exponentials for apstract argumentation

Acceptability Assessment

Let A = (Arg,Rau) be an abstract argumentation framework.
The exponential acceptability exp(A) is the |Argl x |Argl real-valued matrix

defined via exp(A) = exp(A’). For a;aj € Arg the entry exp(A)j € R is called acceptability
assessment of g; wrt. a;
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// Jsing matrix exponentials for apstract argumentation

Example
(1) o o 0-10 0 07 [1.00—1.000.5000 —0.1667 0.0416 ]
00 -10 0 0.00 1.00 —1.00 0.5000 —0.1667
00 0 -10 0.00 0.0 1.00 —1.00 0.5000
e e 00 0 0—1| [0.00 000 000 100 —1.00
00 0 0 0] |000000 000 000 1.00
e (11) Adjacency matrix  (1i1) Exponential acceptability

Acceptability assessment of B wrt. A = exp(A)as = -1.00

Acceptability assessment of D wrt. A = exp(A)ap = -0.1667
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// Jsing matrix exponentials for apstract argumentation

- So far: Assessment of an argument, from the viewpoint of a second argument
- Based on matrix exponential, incorporating path length semantics via
the adjusted adjacency matrix
+ Next step: ,Overall assessment”

Definition

Let A be an adjusted adjacency matrix of a graph representing an abstract
argumentation framework.

An absolute acceptance score score(ai) of a; is defined via

score(a;)) = 2 exp(A);

ajEArg
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// Jsing matrix exponentials for apstract argumentation

score(E

Example
() o " 1.54 —1.17 —0.63 0.36 —0.13’
—1.17 1.54 —0.63 0.36 —0.13
0.00 0.00 1.00 —1.00 0.50
0.00 0.00 0.00 1.00 —1.00
. 0.00 0.00 0.00 0.00 1.00
o (1) Exponential acceptability
score(A) =1.54-1.17 =0.37
score(B) =-1.17 + 1.54 = 0.37
score(C) =-0.63 - 0.63 +1 =-0.26 C<E<AB=x<D
score(D) =0.36 +0.63-1+1= 0.72
(E) =

-0.13-0.13+0.5-1+1=0.24
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// Experment Setup

- Validate plausibility of proposed approach
- Analyse ICCMA’'15 benchmark graphs

- 3 different graph generator models (large, stable, SCC)
- A: Compute acceptance scores

- B: Compare proposed ranking-based semantics to extension-based semantics of
benchmark graphs

Definition

Let A = (Arg,Rau) be an abstract argumentation framework and E be an extension of A.
An relative acceptance score score(ai) of ai is defined via

scoreg(a;) = EE exp(A);;
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// Experment Setup

- We computed absolute acceptance scores of all benchmark graphs
- We computed relative acceptance score of all benchmark graphs,
w.r.t. complete, preferred, grounded, and stable semantics
- if multiple extensions exist, we compute the average

- In result, for every benchmark graph, we can assign to each argument

A. An absolute acceptance score
B. Arelative acceptance score (one per all of the mentioned semantics)
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// Experiment Goa

We validated these scores against the following hypotheses

It E is a complete, grounded, stable or preferred extension, the relative
acceptance scores of all members of E are strictly positive

If E is a complete, grounded, stable or preferred extension, the relative
acceptance scores of all non-members of E are strictly negative

It E is a complete, grounded, stable or preferred extension, the absolute
acceptance scores of all members of E are on average higher than the
absolute acceptance score of all non-members of E
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Nr. of arguments

//
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Distribution of the average absolute/relative acceptance score of arguments
under the grounded semantics for all considered graphs
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//

b = + Extension members &2
- . g 10k1* Non-Extension members || g
—xpernment Results & : :
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Relative acceptance score

If E is a complete, grounded, stable or preferred extension, the relative
acceptance scores of all members of E are strictly positive

If E is a complete, grounded, stable or preferred extension, the relative

acceptance scores of all non-members of E are strictly negative

If E is a complete, grounded, stable or preferred extension, the absolute

15

10

+ Extension members

= Non-Extension members |!

Absolute acceptance score

acceptance scores of all members of E are on average higher than the absolute

acceptance score of all non-members of E
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Tha, You!

// Summary

Approach Validation

- Computation of acceptance scores based on - Experiments to compare semantics of our approach
matrix exponentials to extension-based semantics

- Investigated for abstract and bipolar -+ Comparison to postulates of ranking-based
argumentation frameworks semantics [Amgoud, Ben-Naim, 13]

- New perspective on fine-grained assessments
of acceptability

Outlook Keywords

Abstract Argumentation Bipolar Argumentation
Ranking Semantics Matrix Exponential
Network Theory Absolute Acceptance Score

- Implement agents that decide acceptability based
on our approach
- Compute absolute acceptance scores
- Set threshold
- Determine acceptability based on threshold
- Comparison to other rationality postulates [Bonzon et al., 16]
- Compute score based on other measures from network theory
- Apply abstract argumentation theory to network theory
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