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Background — IBIS Charts & QuUAD Frameworks

IBIS (Issue Based Information System) charts [<unzand Rittel, 1970],

QuAD (Quantitative Argumentation Debate) frameworks [Faronietal. 2015]

— Special types of IBIS trees with base scores for nodes.

Correspond to BAFs (Bipolar Argumentation Frameworks) [c2vrol and Lagasquie-Schiex, 2005],

QUAD Framework [www.arganddec.com]
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Background — DF-QUAD Algorithm/Semantics

* A “discontinuity-free” algorithm for QUAD frameworks (DF-QUAD) [fago etal, 2016],

* Quantitative measure of strength or gradual acceptance [#meoud, Cayroland Lagasquie-Schiex, 2008]

— Base score and strength in [0,1].

* Asingle function used for both the attacking and supporting components.

vy = 0(SEQs (R (A2))) va=0(SEQsr (R (A2)))
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Background — DF-QUAD Algorithm/Semantics

* The function recursively calculates values for attacking and supporting components:

| | ] |
0 G (SEQsr(R¥(A2))) Vs Vo 1

o (SEQsr(R™(A2)))

>

e The combination function then uses the base score and the difference between the
attacking/supporting components to calculate the strength.

c(Vg, Vg, Vs) = Vg — Vg * |Us — Vg | if v, > v

c(vg, Va,Vs) =vo + (1 —vg) - [us —vg| if vg < vs

0 < BS(A2) > 1
SF(A2) if vy > vy SF(A2) if v, < vy

*  Overall score function:
SF(A2) =c(BS(A2),0(SEQsF(R™(A2))),0(SEQsF(R"(A2))))
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Research Summary — Motivation

* QuAD frameworks correspond to restricted BAFs, namely acyclic graphs.

* Therefore some BAFs cannot be represented as QUAD frameworks:

. & \/:> I
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* Quantitative semantics are available for cyclic AA-based
frameworks:

— Social Models for Social Abstract Argumentation Frameworks °

(SAFS) [Leite and Martins, 2011].

* However, none of these fulfill the properties of the DF-QUAD ‘
algorithm while supporting bipolar relations.
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Research Summary — Motivation

* Another restriction is QUAD frameworks assign types to nodes instead of relations:

* To represent some BAFs as QUAD frameworks, duplication of arguments is required:
b o c o
— +

6 e G g [Bae o] [ﬁ o]

* Can the DF-QuUAD algorithm be applied to BAFs directly?
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Research Summary — Applying DF-QUAD to BAFs

* We used the same strength aggregation function as DF-QUAD for QUAD frameworks to obtain
attacking and supporting strengths.

* However, the mediating function differs from the combination function.

U(va,vs) =0.5+0.5-(vg—vy)

0 < 0.5 > 1
SF(a)if v, > vy SF(a) if vy < vg

* Equivalent to the combination function with the base score set to 0.5.

e Score Function is then:

SF(A2) =u(o(SEQsF(R™(A2))),0(SEQsF(R"(A2))))
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Research Summary — Applying DF-QUAD to BAFs

* Where cyclic graphs are concerned, the score function is calculated using the fixed point.

Calculation of SF(a) : ° o Calculation of SF(b) :

Ve =0 va=SF(a)
vs =SF(b) o} v =0
SF(a)=u(0,5F (b)) SF(b) = u(SF(a),0)
=0.5+0.5-(vy—v,) =0.5+0.5-(vs—vy)
=0.5+0.5-SF(b) =0.5-0.5-SF(a)

* Combining the two simultaneous equations:

SF(a)=0.6 SF(b)=0.2
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Research Summary — Properties

*  When the supporters (attackers, resp.) are ineffective, the strength of an argument is reduced
(increased, resp.) by the proportion of its aggregated attacking (supporting, resp.) strength.

* Implications for arguments with single attackers or supporters:

SF(a)=0.6 SF(b)=0.2
The strength of a is increased from o o The strength of b is decreased from
0.5 towards 1 in the proportion of 0.5 towards 0 in the proportion of
the strength of b. the strength of a.
4
* Implications for self-attacking and self-supporting arguments:
— +
SF(c)=0.333 SF(d)=1
The strength of a self-attacking The strength of a self-supporting
argument with no supporters will argument with no attackers will
reduce from 0.5 but does not reach 0. saturate at 1
Adapting the DF-QUAD Algorithm to Bipolar Argumentation Imperlal COIIege

10/ 20 A. Rago, K. Cyras & F. Toni London



Research Summary — Properties

* The conditions for the extreme values are as follows:

For any a € X with 6(SEQsx(R ™ (a))) =v4, 6(SEQsx(R*(a))) = vs:

SF(a)=0iff v,=1Av,=0
SF(a)=1iff v,=0Avs=1

* For the maximum strength to be achieved:
— The attackers must be ineffective
— One of the supporters must have the maximum strength.

* For the minimum strength to be achieved:
— One of the attackers must have the maximum strength.
— The supporters must be ineffective
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Research Summary — Examples

* Following are some example BAF frameworks with the DF-QUAD algorithm applied.

- + = ( +
— 4 +

SF(a)=SF(b)=0333  SF(a)=SF(b)=1 SF(a)=SF(b)=1
SF(c)=0
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Research Summary — Examples

+
+ a + _ +
+ — —

SF(a)=0.333 SF(a)=0.429 SF(a)=0.431
SF(b) =0.666 SF(b)=0.143 SF(b)=0.132
SF(c)=8F(d)=1 SF(c)=0.714 SF(c)=0.724
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Research Summary — Comparisons with Other Approaches

* Since QuADs frameworks are a restricted form of BAFs there exists a mapping between them.
— The DF-QUAD strength can be shown to be equal in both, when the QUAD base score is set to 0.5.
*  SAFs can be mapped to BAFs if support relations are not present.

— If social support is fixed at 0.5, DF-QUAD for BAFs gives the same strength as the equivalent Social
Model.
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Research Summary — Comparisons with Other Approaches

* The gradual valuation semantics described for BAFs [Ameoud, Cayrol and Lagasquie-Schiex, 2008] cgn pe
represented in the same way as DF-QUAD for BAFs for comparison.

The equivalent strength aggregation function is defined as ¢ : [-1,1]* - [0, c0), where
for S = (vi,...,v,) €[-1,1]*:

n

o’($) = Z;

Vi+1
2

The equivalent mediating function is defined as p’: [0,00) x [0, 00) - [~1, 1], where for
Va, Vs € [0,00):

1 1

1+v, 1+

y,'(va,vs) =

The equivalent score function is defined as our score function, but using the equivalent
strength aggregation and mediating function, namely as SF': X — I where, for any a€ X:

SF'(a) = u'(0'(SEQsF (R (a))),0'(SEQs 7/ (R (a))))

* This semantics is restricted to acyclic BAFs.

* The DF-QUAD Algorithm’s properties do not hold here.
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Ongoing Work — Issues

* We know solutions exist, i.e. strengths are well-defined.

— Proved using Brouwer’s Fixed-Point Theorem.

SF(vi)=05+05 [ (-wvo)- T[] (1-vm)
aeR~(a;) am€R* (a;)

* Need to prove that a unique solution exists for each framework.

— Conjecture: Solution is always unique.
— Utilize Banach’s Fixed-Point Theorem.

* Asimilar proof for Social Models in SAFs exists [-¢ite and Martins, 2011]
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Ongoing Work — Development

* The option of a variable base score would improve flexibility and applicability.

— E.g. Social Media or E-Democracy applications.

* May also help to align with other frameworks and semantics.

— E.g. AA frameworks, since they can be mapped to QUAD frameworks

AA Framework QuAD Framework

— If all base scores set to 1:
* Arguments in grounded extension have strength of 1.
* Other arguments have strength of 0.

* Do the self-attacking and self-supporting implications make sense?
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Ongoing Work — System
* Main prospect for an application is voting in Social Media and E-Democracy.

* Semantics for strength seems to be intuitive in these areas.

— Quantitative measures could align with acceptance from a group.

?

SF(a)=0 SF(a)=0.5 SF(a)=1

*  Could help to encourage reasoning within voting on issues.

*  Main outstanding problems:

— Variable base score required?
— Self-attacking argument implications?
— Need to prove there is a single solution for each BAF.
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Conclusions
*  We have applied the DF-QUAD Algorithm to BAFs:
— BAFs handle both trees and cyclic graphs, unlike QUAD frameworks.
— DF-QuAD gives an automatic evaluation of strength based on attackers and supporters.
— Holds most of the properties which DF-QuUAD for QUAD frameworks holds.
— Removal of base score means that the evaluation is more automated.
— Corresponds to other semantics with additional properties.

— Further work is needed to prove the uniqueness of solutions.
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Thank You

Any Questions?
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