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1 Introduction

In communication settings, argumentative agents use the content of information
to draw conclusions and make decisions, however awareness of other non-logical
features of the information they acquired, such as the context in which they
received it, may enrich their reasoning capabilities.

Information always comes together with meta-information [Bre01]: when
exchanging information, agents have available certain bits of meta-information
attached to the informational content itself. Some of this meta-information
derives directly from the source of the information (is the source reliable?), some
others can be specific to the content of the information itself (how relevant is
this information for the agent’s purposes?), in some cases it can depend on the
specific setting and on other information (how connected was this information
to the rest?). From now on, I will call this meta-information context of the
information.

Agents use the information they acquire to draw conclusions on their state
of affairs and on their decision. Hence the context attached to this information
can be used to affect the way agents reason.
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Argumentation is a reasoning framework that allows to deal with incomplete
and conflicting information [CRL00, Pra10, AC98].

Agent dialogues [MP09] are a communication framework by which agents
may exchange information in the form of arguments. If context is attached
to arguments this can affect the way agents reason with them. Properties of
context (meta-logical information) may affect properties of arguments (logical
information).

Some work has tried to integrate properties of metalogical information 1

in argumentation systems. In [PTS+11] Parsons et al. describe a Trust Ar-
gumentation System where properties of a trust network between agents are
propagated in an argumentation system where, under certain assumptions, ar-
guments from less trustworthy agents cannot overrule arguments from more
trustworthy agents. The approach in this work makes it possible to define for-
mal properties on the acceptability of arguments based on properties of the
multi-agent system at hand (a trust network in the specific case). Nonetheless
the system in [PTS+11] shows several limitations: it does not support defeasible
argumentation; it is based mainly on trust and it is not explicitely extensible
to other types of metalogical information or properties on these; it focuses on
static properties of the system rather on dynamic ones which may be important
in dialogical settings (what changes do new arguments cause in the system?
what happens if properties of trust change?).

Other related work comes from the subfield of Belief Revision and Argumen-
tation [FKIS09]. In [Pag04, PC05] Paglieri and Castelfranchi discuss a cognitive
framework of belief dynamics called Data Based Revision. Here arguments are
considered as ”persuasions to believe” and used to initiate successful revision.
They distinguish between two basic informational categories: data an beliefs.
These represent pieces of information that are simply gathered and stored by
the agent (data) and pieces of information that the agent considers to some ex-
tent truthful representations of the states of the world (beliefs). The latter are
a subset of the former, in fact in this framework belief change is conceived as a
two-step process. Paglieri and Castelfranchi’s work offers a parametric approach
to belief change since agents may choose which data to rely more on according
to functions on the metalogical information attached to them (e.g. credibility,
likeability...). By means of different parameters, agents can develop more or less
complex attitudes that determine which data (arguments) they come to believe.
This helps to capture individual variation in epistemic dynamics, i.e. specifying
different strategies of belief change for different agents and/or for different con-
texts and tasks. Some limitations of this approach, however, are the following:
arguments are considered as ”persuasions to believe” and thus they are used
only to initiate a belief revision process. As a consequence arguments and their
structural properties are used only to evaluate metalogical information attached
to them, not for drawing conclusions; the impact of context is then limited to
this first step of reasoning.

1The term ”metalogical information” is inspired by [Bre01] where ”meta-knowledge” and
”meta-information” are used to refer to non-logical aspects of information, e.g. its reliability
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In [vdWDM+12] a formal model for dialogical agents that are able to discuss
their preferences is presented. If an agent expresses a subjective statement, this
is assumed to have a higher conclusive force over non-subjective conflicting
statements. Also in this work, a metalogical property of arguments affects the
way beliefs are drawn, but the approach is specific to subjectivity.

In this work I aim at defining a general formal system where agents can assess
metalogical information on external data they receive during communication
settings (e.g. dialogues) and these metalogical features explicitely affect the
conclusions they draw by defeasible argumentation (given certain metalogical
properties it is clear what effects they have on arguments).

In the remainder of this introduction I will describe related work more in
detail, in particular I will describe Parsons et al.’s work on argumentation and
trust [PTS+11], Paglieri and Castefranchi’s DBR framework [Pag04] and intro-
duce general work on Belief Revision and Argumentation. Then I will present
some general assumptions and approach choices of this work: I will show ex-
amples of metalogical information on arguments, show the intuitions behind
the properties whose formalization is the aim of this thesis and then generally
introduce the framework for structured defeasible reasoning ASPIC+. Finally,
I will state the problem statement of this thesis and its research questions.

1.1 Related Work

In this section I will outline two branches of research. I will describe the work in
[PTS+11]; several of the ideas in this paper have inspired the work in the current
thesis. Secondly, I will give an overview of Belief Revision and Argumentation;
literature in belief revision and its more recent blendings with argumentation
systems have inspired part of my approach.

1.1.1 Argumentation-based reasoning in agents with varying degrees
of trust

The following is a summary of [PTS+11]. In this work, the authors define an
argumentation system that they call AT1 which has the ability to ensure that
arguments grounded in information from untrustworthy agents cannot overrule
arguments grounded by more trustworthy agents.

Trust is a very important property in multi agent systems. Autonomous
agents should be able to carry out their owners’ wishes while interacting with
other entities. It is thus important that they reason about whether they should
trust these other entities, how much they are trusting them. Argumentation
is a model of reasoning that seems well-suited for agent-based systems. This
work assumes a model for a network of trust, how much agents trust each other,
embedding it in a model of argumentation. Then, it proposes some desired
properties for this trust-argumentation system. Since the model is (deliberately)
vague on some respects the authors then show how, making some assumptions
on some of these systems, some of the properties previously described can be
satisfied.
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This work assumes a network of trust, i.e. a graph (Ags, T ) where T is a
set of edges. In this graph, the set of agents is the set of vertices, and the trust
relations define the arcs. Also, a measure of trust is defined such that

tr : Ags×Ags→ R

The trust network is consistent with the trust function:

tr(agi, agj) = 0 ⇔ (agi, agj) 6∈ T

Given two agents, we can have indirect trust between them if there is a path
in the trust network connecting the two. Given a path (agi, agi+1, ..., agj) in
the trust network, one can have: tr(agi, agj) = tr(agi)⊗tr tr(agi+1)⊗tr ....⊗tr
tr(agj−1, agj) for some operation ⊗tr. The authors also define another operation
⊕ for combining different trust paths, but its description is beyond the scope of
this work.

The authors assume the argumentation system used in [PWA03], an argument-
based nonmonotonic logic; arguments are built as classical proofs from consis-
tent premises. Counterarguments are arguments that negate a premise of their
target (undercutting), whose defeat is defined in terms of a priority relation on
premises between the two; defeasible inference is then defined with the grounded
semantics of [Dun95].

The available information to each agent agi is given by ∆i = Σi ∪{
⋃
j CSj}

where Σi is the knowledge base each agent mantains and CSj denotes the in-
formation that agent agj made public.

Agents will have different degrees of beliefs for the formulas in ∆i. So if
an argument is A = (S, p), we can compute the belief degree on that argument
for agent Agi as beli(A) = beli(s1) ⊗bel beli(s2) ⊗bel ... ⊗bel beli(sn) where S =
s1, s2, ...sn (the set S of premises is also called support of A). The operator
⊗bel : R × R → R aggregates different levels of belief degree into a new unique
value. The authors leave this operator generally abstract but discuss some
instantiations and their properties (see TAS Proposition 9 at the end of the
current subsubsection). Thus one (belief-based) order ≥beli over arguments is
derived from belief degrees.

The following is the formal description of an argumentation system in the
work.

Definition 1. An argumentation system is a triple
(A(∆i), Undercut,�argi ) where A(∆i) is the set of all arguments which can be
made from ∆i. Undercut is a binary relation collecting all pairs of arguments
A1 and A2 such that A1 undercuts A2 and �arg is a preference over arguments.

Note in this definition that the order over beliefs is not the same as the pref-
erence over arguments in the definition of argumentation system; the relation
�argi will be defined in terms of ≥beli

The authors try to answer the question: if an agent makes use of the infor-
mation obtained from an acquaintance, how should a level of trust towards this
other entity affect its conclusions? To do this, they extend the argumentation
system defined above including trust levels among agents.
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Definition 2. A Trust Argumentation System (TAS) is a tuple
(Ags,A(∆i), Undercut,�argi , T ) where T is a trust network.

As mentioned before, there are a few parameters which needs to be instan-
tiated in this model:

• the trust operators ⊗tr and ⊕tr (that calculates respectively indirect trust
on a given path and combine different paths in a trust network);

• how we can use the trust levels tr(Agi, Agj). This is achieved by means
of the function ttb, so that we can calculate the degree of beliefs an agent
has on formulas from the trust levels towards the source of that formula;

• we also need to specify ⊗bel, that is how beliefs degrees on formulas are
combined as belief degrees over arguments;

• how to determine the arguments order �arg from the order ≥bel.

The authors proceed discussing instantiations of this model and define some
of their desirable properties. Some of these desiderata proposed by the authors
are concerned with properties of paths on the trust network, since these prop-
erties are beyond the scope of my work I will not describe them in this venue. I
will now describe some properties concerning the degrees of belief. Recall that
the degree of belief of the conclusion of an argument can be loosely seen as the
degree of belief on the argument.

TAS Property (Property 6). Given an argument (S, p) where S = {s1, s2, ..., sn},
then:

beli(p) ≤ minj=1,...mbeli(sj)

The belief of the conclusion of an argument should be believed no more than
the minimum of the elements of its support.

TAS Property (Property 7). Given two arguments (S, p) and (S′, p′), |S| ≥
|S′| iff bel(p) ≤ bel(p′)

If an argument has a larger support it should not have a greater belief degree
than an argument with a smaller support (they don’t have to have the same
conclusion)

TAS Property (Property 8). Given two arguments (S, p) and (S′, p′), if S ⊆ S′
iff bel(p) ≥ bel(p′)

If the support of an argument support is included in another then the first
should not have a lower belief degree than the second.

The authors prove that Property 7 implies Property 8 but also that they are
not equivalent.

TAS Property (Property 9). If agent agi has two arguments (S, p) and (S,′ , p′),
where two supports have corresponding sets of agents Ags and Ags′ then (S, p)
is stronger than (S′, p′) only if agi considers Ags to be more trustworthy than
Ags′.
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If this property holds, arguments grounded in information coming from less
trustworthy agents will not be able to defeat arguments coming from more
trustworthy sources. Note that in the above property trust is compared between
sets of agents. Given two agents ag and ag′ we say that ag ≥tr ag′ ⇔ tr(ag) >=
tr(ag′). For two sets of agents Ags and Ags′ we say that Ags ≥tr Ags′ ⇔
minag∈Ags(tr(ag)) ≥ maxag′∈Ags′(tr(ag′))

If this property is obeyed the following proposition holds.

TAS Proposition (Proposition 1). In a trust argumentation system
(Ags,A(∆i), Undercut,�argi , T ) if an argument (S, p) with corresponding set
of agents Ag, is acceptable, then, given Property 9, a new argument (S′, p′)
with corresponding set of agents Ag′ cannot make (S, p) not acceptable if Agi
considers Ag′ to be less trustworthy than Ag.

As Proposition 1 shows, Property 9 can prevent new arguments from less
trustworthy agents to make unacceptable more trustworthy arguments that oth-
erwise would be acceptable.

Last, the authors show that particular instances of the system may satisfy
some of the properties above. For example they prove the following proposition.

TAS Proposition (Proposition 9). A Trust Argumentation System that uses
minimum for ⊗bel, maximum for ⊕tr and adopts L2 and O1 satisfies Property
9.

In the proposition above L2 is a definition of ttb such that

ttb(tr(agi), tr(agj)) = tr(agi, agj) ·minj{beli(sj)|sj ∈ Σi}

whereas O1 refers to the following simple relation between �argi and �beli :

(S, p) �argi (S′, p′)⇔ (S, p) �beli (S′, p′)

1.1.2 Belief Revision

Belief revision is the study of how a knowledge base is updated when removing
existing information, accommodating new information or a combination of both.
One of the most influential theories of belief revision is the eponymous AGM
theory of Alchourron et al. [AGM85], in which they propose the AGM Postulates
for which they consider three types of changes that can be made to a knowledge
base: expansion (where a new formula is added to a belief system together with
its logical consequences), revision (where a formula is added to a belief system
with which it is inconsistent and that is changed to restore consistency) and
contraction (where a formula is retracted from a belief system without adding
any new one).

The original AGM framework has been extended in many ways introducing
new types of operators in addition to the three standard ones. Two of these
operators relevant to this thesis are selective revision and screened revision.
Selective revision [FH99] is a type of non-prioritized revision, that is a process
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in which new information is received and weighed against old information, with
no special priority assigned to the new information due to its novelty (differently
from the AGM approach); part or whole of the input information may then be
accepted. Screened revision [Mak97] is a variant of non-prioritized revision
where there is a set of potential core beliefs that are immuned to revision.

1.1.3 Belief Revision and Argumentation

In [FKIS09, FGKIS11] Falappa et al. develop a conceptual view on the relation
between argumentation and belief revision. This conceptual view is first defined
by four steps of reasoning:

• Receiving new information: new information can be in many forms, e.g.
a propositional fact or an argument.

• Evaluating new information: Upon receipt of new information, an agent
will evaluate it in order to be convinced it is true. If the information is an
observation, truth is usually assumed. However, if it is communicated by
another agent, some justification will be required.

• Changing beliefs: If the agent chooses to accept the information, it will
apply belief revision techniques to incorporate it into its knowledge base.

• Inference: From its new epistemic state, the agent derives plausible beliefs
that guide its behaviour.

In this thesis I will focus on the first three steps: modelling the way agents
receive information, their evaluation and imposing properties on the way the
change their beliefs given the metalogical content of the (possibly new) infor-
mation. The final step of inference will be left to the argumentation machinery.

1.2 Research assumptions

In the following paragraphs I describe some of the assumptions for work in the
present thesis.

In the introduction I have said how the information agents receive may have
a certain context, representing some non-logical of its content. The way we
aim at using these contexts is to affect the conclusions taken by argumentative
agents; one way to do this is by letting contexts affect logical properties of
arguments. In the next paragraphs I give some more specific examples of the
contexts to give an intuition of the type of applications they can provide.

Examples of context

One important example of context in MAS is trust [PTS+11, PSM12]. Trust is
an approach for measuring and managing the uncerttainty about autonomous
entities and the information they deal with. Trust is a type of metalogical
information that is specifically related to the source of the information.
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Paglieri and Castelfranchi [Pag04] propose contexts that are meant to de-
scribe the ”overall epistemic processing of a cognitive agent”:

• Relevance: a measure of pragmatic utility of the datum;

• Credibility: a measure of the number of all supporting data;

• Importance: a measure of epistemic connectivity of the datum;

• Likability: a measure of the motivational appeal of the datum;

Another specific example of context is priority, the freshness of a datum.
This contextual information is fundamental for a standard assumption in the
AGM approach to Belief Revision [Gär88], the axioms of success: in AGM new
information is prioritized over old one. One way to represent freshness as the
numerical context of a datum received at time t is representing it as 1

t .
Other type of contexts may represent values that are not directly available

from the environment but may still be significant, e.g. measures that allow to
identify good arguments in persuasion settings characterized by uncertainty and
inconsistency as described in [Hun13].

Properties of context and properties of arguments

The examples above show cases where contextual information in agent settings
may have a certain relevance. If information is represented by means of argu-
ments this context may refer to the argument themselves. If a certain relation on
different contexts (and their corresponding pieces of information) holds, what is
the relation between the corresponding arguments? If two pieces of information
come from differently trustworthy agents, what is the relation between the two
resulting arguments, for example in terms of their logical properties?

This scenario is schematized in Figure 1.
As discussed in the previous subsection, the work in [PTS+11] gives one

possible answer to the question above: the relation between two pieces of in-
formation I1, I2 is such that I1 comes from a more trustworthy source than I2,
then the relationship between the two respective arguments will be ”Argument
A(I1) cannot make A(I2) unacceptable” (see Proposition 9).

One of the aims of this thesis is to provide mappings from properties or
relations of contexts to properties or relations of arguments. In the next sections
I will define an operator for a process that I will call contextualized revision to
provide such mappings.

There are some meta-properties we want from contextualized revision. First,
we want it to be general, that is making almost no assumptions on the under-
lying metalogical information. Since the metalogical information above can be
captured by numbers, I will assume context attached to arguments as a func-
tion from arguments to numbers. Thus the properties and relations considered
on arguments will have a numerical nature. Moreover, a quantitative-oriented
approach is also more suitable for experimental settings [KMPV12].
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Figure 1: Context and arguments. The dotted and dashed lines on the left
represent relations between context of pieces of information. The corresponding
lines on the right are resulting relations between arguments.

This form of revision should also be able to deal with the dynamics of ar-
guments aquisition. We aim at being able to formalize the properties of the set
of arguments constructable by an agent after a new argument with attached a
certain context is received by it (given a starting situation, e.g. a previous set
of arguments and their properties). These dynamical features may constitute a
tool for designing strategical dialogical agents [Dij12, Sna12].

There is another sense in which such a framework can be considered dynamic:
it must be able to express not only changes in the arguments but also changes in
the contexts attached to them. These changes of contexts may be a consequence
of the agent’s reasoning process itself, thus we want that changes on contexts
may be expressed as arguments.

ASPIC+

This work will assume a specific argumentation system: ASPIC+ [Pra10]. This
system is chosen for several reasons. It is a rich system of structured argumen-
tation with certain proven properties, which provides the ability to explore the
effect of dynamics on the structure of arguments, and the properties of the sys-
tem as a whole. In many MAS settings, communication exchange is by means
of dialogues where agents use formulas to communicate with each other; hence
arguments are structured in these contexts. It is rich in the sense that it allows
for several types of premises (assumptions and axioms) and rules (defeasible and
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strict, based on Pollock’s theory of defeasible reasoning [Pol87]). Thus ASPIC+
can be a more general case study than other systems (such as the one used in
[PTS+11]). Moreover, the fact that ASPIC+ uses two types of inference rules
enables us to investigate rule-based dynamics, i.e. how the use of a type of
rule affects the revision process. Finally, ASPIC+ is the argumentation system
used in Argument Revision [Sna12], which I will use as an example to further
applications of formal properties on metalogical information of arguments.

1.3 Research aim

The problem I will tackle is the following:

Problem Statement. Is it possible to define a geneal theoretical framework,
usable in MAS settings, to formally describe reasoning dynamics in argumenta-
tive agents by providing formal connections between metalogical properties of the
information and logical properties of the arguments expressing that information?

The method used to answer the problem statement is as follows. First,
describe an abstract formal framework built on top of ASPIC+ that describes
connections between metalogical information and arguments. Second, formulate
a way to define context on arguments in general MAS settings. Third, describe
a concrete way to formalize the framework using properties of ASPIC+. Fourth,
validate the defined properties and the framework in realistic dialogical settings
between agents.

Research Questions

The following research questions stem from the problem statement above.
The first step is to define a formal language to express connections between

the context of arguments and their logical properties.

RQ 1: How can we define an abstract formal system for properties

of dynamics of arguments with contextual information?

We need to define a formal model for describing the state of the agent that
employs arguments with context as well as the dynamic aspects of the system,
i.e. how the state can be changed. From this the two following subquestions:

RQ 1.a: What is the formal definition of a system able to express

arguments, contextual properties and constraints on these?

RQ 1.b: What is the formal definition of an abstract operator

for describing the acquisition of arguments with a

certain context?

Given a way to formally describe the connections between arguments and
their context, we need to choose which properties we want on these connections
that would make the system useful in general agent settings.
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RQ 1.c: What general properties should we require for the

arguments in the system?

Then these properties have to be formalized in the system.

RQ 1.d: How can we formally describe these properties in the

system?

Once we have a system for describing arguments, their context and the
connections between the latter and logical properties of the former, we can
proceed to another aspect of the system: we have to describe how to go from
metalogical aspects of information to a numerical context value on arguments.
Thus we need to investigate how to define context on arguments to make the
abstract system of the previous research question useful in general settings.

RQ 2: How can we define context on arguments?

RQ 2.a: On which elements of arguments can we assume

context is defined?

RQ 2.b: What functions to use to aggregate context of arguments

from different elements that are general with respect

to the nature of the metalogical information?

Once described a system by which plausibly describe context on arguments,
we need to formalize an instance of the model using the way ASPIC+ arguments
are constructed.

RQ 3: How can we define a way to modify an agent’s knowledge base

and an argumentation system so that the properties described

in the abstract system of RQ 1 are respected?

Finally, we want to show explicit connection between the formal framework
obtained by the three previous questions and settings of agent interaction. To
answer this question I define the three subgoals of describing how to use the
system in dialogues, how to make it support changes in contexts deriving from
the argumentation system itself and how to usefully apply the notions built to
answer the previous questions to improve other research in MAS.

RQ 4: Can this system be used in realistic settings of agent

interaction?

RQ 4.a: Can this system be concretely used in dialogues?

RQ 4.b: Can the system model changes in the context values

due to revision itself?

RQ 4.c: Are the properties defined in RQ 1 flexible enough

to formalize and implement useful properties in

dialogues or other agent settings?
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1.4 Thesis outline

This thesis is structured as follows: Section 2 presents the formal background
for logics of defeasible argumentation. Section 3 presents the abstract model of
Contextualized Argumentation Theories and Contextualized Revision. Section
3 will answer RQs 1 and 2. Section 4 introduces Contextualized Knowledge
Bases as a simple approach to updating knowledge bases by which to obtain
properties for Contextualized Revision. Section 4 will answer RQ 3. Section 5
introduces meta-argumentation and uses it to show applications of Contextual-
ized Revisions in dialogue with a dynamical context. Section 5 will answer RQs
4.a and 4.b. Section 6 introduces Argument Revision and shows how to extend
it with properties of Contextualized Argumentation Theories. Section 6 will
answer RQ 4.c. Finally, Section 7 concludes the thesis and identifies potential
areas for future work.

2 Background

In this section I will describe a fundamental component of the agent’s reasoning
architecture, the logic for defeasible argumentation ASPIC+. I will then proceed
describing the considered dialogue system and some aspects of the architectures
of the agents.

2.1 Logics for defeasible argumentation

Defeasible logics express a form of reasoning where conclusions can be withdrawn
when new information becomes available. Logics for defeasible argumentation
(or argumentation systems for short) conceptualize and formalize this type of
reasoning as the construction and comparison of arguments for and against a
certain conclusion. In these systems conflict between arguments allows new
information to ”take over” old, thus bringing about a process of inference which
is non-monotonic.

In argumentation systems, the fundamental units of knowledge, formulas,
are represented by an underlying logical language.

Arguments can be more or less simple: an elementary argument has a con-
clusion, premises and an inference connecting the conclusion, while a complex
argument is a tree of arguments.

Argumentation systems use a binary defeat relation to determine which ar-
gument of two attacking arguments wins.

Once defined the defeat relation within a set of arguments, the outcome of
an argumentation system is a classification of each of the arguments in one of
the three statuses: winning (justified), losing (overruled) and ties (defensible).
This classification can be seen as a form of inference in argumentation systems.

I will now formalize the framework for argumentation system ASPIC+.

Definition 3 (Argumentation system). An argumentation system is a tuple
AS = (L, Not,R,≤d) where
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• L is a logical language,

• Not is a contrariness function from L to 2L,

• R = Rs ∪ Rd is a set of strict (Rs) and defeasible (Rd) inference rules
such that Rs ∩Rd = ∅,

• ≤d is a partial preorder on Rd.

Definition 4 (Contrary). Let L, a set, be a logical language and Not a con-
trariness function from L → 2L . If φ ∈ Not(ψ) then if ψ 6∈ Not(φ) then φ is
called a contrary of ψ , otherwise φ and ψ are called contradictory. The latter
case is denoted by φ = −psi (i.e., φ ∈ ψ and ψ ∈ φ).

Definition 5 (Strict and defeasible rules). Let φ1, ..., φn, φ be elements of L

• strict rules are of the form φ1, ..., φn → φ

• defeasible rules are of the form φ1, ..., φn  φ

ASPIC+ constructs arguments from a pre-ordered set of formulas: a knowl-
edge base.

Definition 6 (Knowledge Base). A knowledge base in an argumentation sys-
tem (L, Not,R,≤d) is a pair (K,≤K) where K ⊆ L and ≤K is a partial preorder
on K \ Kn. Here K = Kn ∪ Kp where these subsets are disjoint and

• Kn is a set of necessary axioms.

• Kp is a set of ordinary premises.

Intuitively arguments cannot be attacked on their axiom premises, but they
can be attacked on their ordinary premises. Defeat depends however on the
comparison of the arguments involved.

As said above, in ASPIC+ arguments are represented as trees obtained by
chaining inference rules. Here I give a formalization of the constructable argu-
ments from a knowledge base. The following functions on arguments are defined:
Prem (premises), Conc (Conclusions), Sub (sub-arguments), DefRules (defea-
sible rules), TopRule (last inference rule).

Definition 7 (Argument). An argument A on the base of a knowledge base
(K,≤K) in an argumentation system (L, Not,R,≤d) is:

1. φ if φ ∈ K with:
Prem(A) = {φ}
Conc(A) = φ
Sub(A) = {φ}
DefRules(A) = ∅
TopRule(A) = undefined
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2. A1, ..., An → φ such that there exists a strict rule Conc(A1), ...Conc(An)→
φ in Rs with:
Prem(A) = Prem(A1) ∪ ... ∪ Prem(An)
Conc(A) = φ
Sub(A) = Sub(A1) ∪ ... ∪ Sub(An) ∪ {A}
DefRules(A) = DefRules(A1) ∪ ... ∪DefRules(An)
TopRule(A) = Conc(A1), ...Conc(An)→ φ

3. A1, ..., An  φ such that there exists a defeasible rule Conc(A1), ...Conc(An) 
φ in Rd with:
Prem(A) = Prem(A1) ∪ ... ∪ Prem(An)
Conc(A) = φ
Sub(A) = Sub(A1) ∪ ... ∪ Sub(An) ∪ {A}
DefRules(A) = DefRules(A1) ∪ ... ∪DefRules(An)
TopRule(A) = Conc(A1), ...Conc(An) φ

Arguments can be classified according to their premises and to their inference
rules:

• strict if DefRules(A) = ∅

• defeasible if DefRules(A) 6= ∅

• firm if Prem(A) ⊆ Kn

• plausible if Prem(A) 6⊆ Kn

ASPIC+ assumes any pre-order that satisfies the two following basic as-
sumptions:

Definition 8 (Admissible argument ordering). Let A be a set of arguments.
Then a partial pre-order � on A is an admissible argument ordering iff

if A is firm and strict and B is defeasible or plausible, then B ≺ A
if A = A1, ...An → φ then for all 1 ≤ i ≤ n, A � Ai and for some 1 ≤ i ≤ n,
Ai � A

(Here B ≺ A means B � A and A 6� B.)
Given a knowledge base, an argumentation system and an admissible order-

ing we can define an argumentation theory.

Definition 9 (Argumentation Theory). An Argumentation Theory is a triple
AT = (AS,KB,�) where AS is an argumentation system, KB is a knowledge
base in AS and � is an admissible ordering of the set of all arguments that can
be constructed from KB in AS (below called the set of arguments on the basis
of AT or Args(AT ) )
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Next, I shall provide the definitions of two argument orderings, called the
weakest-link and last-link orderings [Pra10]. These two definitions require lift-
ing a partial pre-order ≤e of elements of two sets to an ordering on the latter.
The following definition induces a strict partial order ≺s of the two sets:

S1 ≺e S2 iff ∃e1 ∈ S1 s.t. ∀e2 ∈ S2 it holds that e1 ≤e e2

The weakest-link principle prefers an argument if this is preferred on both
its premises and its defeasible rules.

Definition 10 (Weakest link principle). Let A and B be two arguments. Then
A ≺ B iff either

1. A is firm and strict while B is defeasible or plausible; or

2. • Prem(A) ≺s Prem(B); and

• If DefRules(B) 6= ∅ then DefRules(A) ≺s DefRules(B)

The last link ordering compares arguments on the base of their last defeasible
rules or, in case both arguments are strict, on the base of their premises. The
notion of last defeasible rules is defined as follows

Definition 11 (Last defeasible rules). Let A be an argument

• LastDefRules(A) = ∅ iff DefRules(A) = ∅

• if A = A1, ..., An  φ then LastDefRules(A) = TopRule(A), otherwise
LastDefRules(A) = LastDefRules(A1) ∪ ... ∪ LastDefRules(An)

Definition 12 (Last link principle). Let A and B be two arguments. Then
A ≺ B iff one of the following holds

1. A is firm and strict while B is defeasible or plausible;

2. LastDefRules(A) ≺s LastDefRules(B);

3. LastDefRules(A) = LastDefRules(B) = ∅ and Prem(A) ≺s Prem(B).

Attack and defeat

ASPIC+ uses attack and defeat in order to do inference. Attack is a purely syn-
tactic relation between arguments and does not involve any notion of preference,
which on the other hand determines defeat.

An argument can be attacked in three ways: on a (non-axiom) premise (un-
dermine), on a defeasible inference rule (undercut) or on a conclusion (rebuttal).

Definition 13 (Rebuttal). Argument A rebuts argument B (on B′) iff Conc(A) ∈
Not(φ) for some B′ ∈ Sub(B) of the form B′′1 , ..., B

′′
n  φ. In such a case A

contrary-rebuts B iff Conc(A) is a contrary of φ.
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Definition 14 (Undermining). Argument A undermines argument B (on φ) iff
Conc(A) ∈ Not(φ) for some φ ∈ Prem(B) \Kn of the form B′′1 , ..., B

′′
n  φ. In

such a case A contrary-undermines B iff Conc(A) is a contrary of φ.

Definition 15 (Undercut). Argument A rebuts argument B (on B′) iff Conc(A) ∈
B′ for some B′ ∈ Sub(B) of the form B′′1 , ..., B

′′
n  φ.

Definition 16 (Attack). Argument A attacks B iff A rebuts, undermines or
undercuts B.

We can use ordering on arguments to define which attacks result in defeat.

Definition 17. An argument A defeats an argument B if A if one of the fol-
lowing cases occurs:

• A undercuts B

• A succesfully rebuts B, i.e. A rebuts B on B′ and either A contrary-rebuts
B′ or A 6≺ B′

• A succesfully undermines B, i.e. A undermines B on φ and either A
contrary-undermines B or A 6≺ φ

In the remainder of this work I will not assume any specific logic for ASPIC+.
Examples will be presented using propositional logic but the underlying concepts
are extensible to other cases, unless specified otherwise.

2.2 Argumentation Frameworks

It is possible to transform every ASPIC+ argumentation theory in an abstract
argumentation framework [Dun95], a set of arguments (whose structure we ab-
stract from) and an attack relation among them. This allows us to define several
notions of semantics for arguments.

Definition 18. A Dung argumentation framework is a tuple AF = (Args,R),
where Args is a set of arguments, and R ⊆ Args×Args.

Given an argumentation theory AT the corresponding Dung argumenta-
tion framework is given by the Args(AT ) and the defeat relation amongs the
arguments.

Dung defines the acceptability of arguments, and the characteristic function
and admissible extensions of a framework:

Definition 19. Let AF = (Args,R), S ⊆ Args and let A,B,C, ... denote argu-
ments in Args. Then:

1. S is conflict free iff ∀A,B ∈ S it is not the case that (A,B) ∈ R

2. A is acceptable with respect to S iff ∀B ∈ Args : if(B,A) ∈ R then there
is a C ∈ S such that (C,B) ∈ R
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3. The characteristic function of AF , denoted FAF , is defined as follows:

• FAF : 2Args → 2Args

• FAF (S) = {A|A is acceptable w.r.t. S}

4. If S is conflict free, then S is an admissible extension of AF iff each
argument in S is acceptable with respect to S (i.e., S ⊆ FAF (S))

For s ∈ {complete, preferred, stable, grounded}, an argument is said to be
sceptically justified under the s-semantics if it belongs to all extensions. An ar-
gument is said to be only credulously justified under the s-semantics if it belongs
to at least one, but not all, extensions. Sceptical and credulous justification co-
incide for the grounded semantics given that a framework only ever has a single
grounded extension.

Intuitively, an argument A is acceptable with respect to S if for any argument
B that attacks A, there is a C in S that attacks B, in which case C is said to
defend or ‘reinstate’ A. An admissible extension S can then be interpreted as a
coherent defendable position. From hereon, i will write F instead of FAF .

Admissibility is augmented by preferred, complete, stable and grounded se-
mantics:

Definition 20. Let AF = (Args,R), S a conflict free subset of Args, and F
the characteristic function of AF . Then:

• S is a preferred extension iff S is a set inclusion maximal admissible ex-
tension

• S is a complete extension iff each argument which is acceptable w.r.t. S
is in S (S = F (S))

• S is a stable extension iff ∀B ∈ S,∃A ∈ S such that (A,B) ∈ R

• S is the grounded extension iff S is the least fixed point of F (the smallest
complete extension).

In ASPIC+, given a set of structured arguments, a Dung-style abstract
framework can be derived then evaluated using the standard semantics. This
allows the acceptability of structured arguments to be ascertained.

In subsequent sections, given an ASPIC+ argumentation theory AT , the no-
tationA ∈ E(AT ) meansA is an acceptable argument in the abstract framework
derived from the argumentation theory AT , under some unspecified, unique-
extension semantics, subsumed by complete semantics 2 (a semantics is said to
be a unique-extension semantics if it prescribes exactly one extension for any
argumentation framework).

2We use this constraint to be in line with the original work Section 6 is based on, [Sna12]

18



3 Contextualized Revision

In this section I describe formally the problem of contextualized revision (revi-
sion with context) for allowing agents to reason with a context on arguments,
i.e. meta-logical information. Although all desired properties and definitions in
this section are general and independent of the nature of the context, I will use
trust as a study case and as a concrete example in most of the section.

3.1 Introduction to contextualized revision

With the expression contextualized revision or revision with context I informally
mean a reasoning process of argumentative agents where arguments (or their
structural elements) are provided with a function, called context. This function
is considered to be external to the argumentation logic, capturing meta-logical
information on it. An discussed in the introduction of this thesis several kinds
of meta-logical information may be available in MAS settings and may play a
role in the way agents reason. This section will describe part of this role and
how this it may be formalized in argumentation in forms of desiderata on the
process of contextualized revision. How to capture this meta-logical in logics
of argumentation will be discussed later on in this work when presenting meta-
argumentation (see Sections 5 and 6).

There are differences and similarities between classical revision and Contex-
tualized Revision. Classical revision aims at consistency in a flat set of beliefs.
The aim of contextualized revision is to use this properties of a (numerical) func-
tion to impose constraints on the relation between arguments. Several desired
properties on the contextualized revision operator expressing these constraints
will be presented.

This function expresses properties of arguments leading the reasoning pro-
cess and in some of the scenarios I will examine in this work it can be seen as
a form of entrenchement. Although I use the term ”revision” to refer to this
process of reasoning dynamics, there are several differences with classical Be-
lief Revision. Whereas classical Belief Revision focused on consistency, Success
and Failure of beliefs (revision, expansion and contraction), I will study some
loosely related concepts in the perspective of structured argumentation, focusing
on features of arguments in ASPIC+. Concepts closer to classical revision will
be examined in later sections when I discuss extensions of Argument Revision
[Sna12] with contextualized revision.

I shall now introduce the formal setting. In this thesis I assume a unique
logical language L, left implicit if there is no danger of ambiguity.

Definition 21 (Contextualized Argumentation Theory). A Contextualized Ar-
gumentation Theory (CAT) is a pair (Ctx,AT ) where AT is an ASPIC+ Ar-
gumentation Theory and Ctx : SCtx → R where SCtx is a set of arguments.

The function Ctx, also called context, is a real function on a set of the
arguments.
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Definition 22 (Contextualized revision (revision with context)). A contextu-
alized revision function takes as input a CAT (Ctx,AT ) and an argument A,
the contextualized revision function returns a new CAT:

(Ctx,AT )⊗A = (Ctx,AT ′)

Given this definition we can see why we made no assumptions on the do-
main of the context function with respect to AT . The domain of the context
function is not a subset of AT because it may be defined on A, the argument
we revise with, which may as well not be present in the original argumentation
theory — notice that the revision process leaves the context untouched, so the
context function is not extended (cases where this assumption is dropped will
be discussed later on in this thesis). The domain of the context function is
neither a superset of the original AT as not every argument in it has to have
the context defined on it. If we assumed the existence of a universe U of all the
possible arguments we can construct (as done in other works on Belief Revision
and Argumentation such as [RMF+08]) we might define the context function on
any subset of U. The existence of such a universe is not assumed as this would
be limiting in dialogical settings: as pointed out in [Sna12], this would require a
shared knowledge between dialogue participants of all the possible arguments.

But is it plausible to assume the existence of such a context function on an
arbitrary set arguments? The context function is formally defined over argu-
ments, however some of the properties of argumentative settings the context
aims at modelling do not refer to the arguments themselves (as ASPIC+ en-
tities) but to other features of the arguments. Context functions may also be
generally dependent on individual agents. For example, my main example of
context function in this thesis, trust, is commonly attached to the source of the
argument. Later in this section I will describe context tranformers that will
allow us to map contextual properties of the setting tp contexts on arguments
in a plausible way starting from arguments’s structure.

In the remainder of this section I will keep the contextualized revision op-
erator abstract and I will discuss some of the desired properties for it. These
properties intuitively describe several attitudes an agent can have towards the
information on arguments provided by the context function. In the remainder
of this section, I will assume a specific context, trust. The properties above
should be considered valid for a rather general class of context. Nevertheless
the choice of presenting the desiderata below by the trust function is motivated
by two main reasons. First, connection with literature on trust and argumenta-
tion. Trust is a relevant topic in MAS [HH11, SS05] and recently several works
on trust and argumentation appeared [PTS+11, PSM12, TSP12]. As discussed
in Section 1, some of this literature has inspired part of this work’s approaches.
A second reason trust has been chosen is for the sake of a more concrete discus-
sion. Some of the general desiderata below may be more effective when context
represents a measure of reliability of arguments; trust is a good example of such
a property. Although other examples will be presented, a thorough discussion
of which context functions aptly match the desired properties in this section is
out of the scope of this thesis.

20



3.2 Reasoning by contextual revision

So far we described a general setting where new arguments can be introduced
in an Argumentation Theory by contextualized revision, here I present a few
proposals on the type of reasoning properties that we may want when dealing
with contextualized revision.

I shall now introduce the context function that will be used in this section.

Definition 23 (Trust function on arguments). A trust function is a function of
the type τA : S → [0, 1] where S is a set of ASPIC+ arguments and τA(A) = 1
if A ∈ S is firm and strict.

The assumption on strict and firm arguments will be clarified later and has to
do with the special way this type of arguments is treated by admissible orderings
in ASPIC+.

3.2.1 An example of contextual revision with trust

I will introduce some motivation behind the desiderata below by means of an
example.

Albert (α) is the agent of whom we aim at describing the revision process.
Albert interacts with the two agents BraggingBuddy (β), an old friend of his that
sometimes utters more boasting than truths, and SageSagan (σ), who is obsessed
with a rational understanding of the world and is thoughtful in anything he says.
Albert receives argument Aβ and Aσ respectively from the other two agents.
He trusts both agents but he trusts information from σ more than information
from β; thus we have τ(Aσ) > τ(Aβ).

How should trust affect α’s conclusions? Assuming he has no way of deter-
mining the reliability of these two arguments other than trust, he may want to
be sure that information from β cannot take over information from σ (if the
two are conflicting). In terms of argumentation in ASPIC+ this means that
Aβ should not defeat Aσ. Desideratum 3 expresses this scenario. At the same
time, if the information are conflicting we want σ’s information to be able to
take over β’s. Desideratum 2 expresses this property.

A third property, not directly related to trust, has to do with a general
desirable feature of dynamics of argument acquisition. The abstract operator
of the previous subsection aims at modelling the receipt of an argument and
the consequent modifications on an argumentation theory. It may be that this
acquired argument is not trustworthy enough, as in the previous example, or
that some other property of contextualized revision limits the strength or the
use of this argument for other reasons. In either case, one desirable property of
a revision operator is that in the future (i.e. after further revisions), if an agent
aims at using that argument, for example because the context function changed
or the argumentation theory underwent other modifications, it can still utilize
it even if it did not in the past; in other words the revised argumentation theory
should keep the argument. This property will be called Total memory in the
following paragraphs.
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3.2.2 Discussion: gathering revision properties

From the example above, we may gather some initial intuitions for initial prop-
erties. Here I informally introduce what will be formalized in the next section
as desired properties: three of the constraints that we may want from revision
with context.

• Total memory: arguments should not be removed from the AT, even if
they have to overruled by others;

• Enabling attack (also called consistency with context ordering): if an ar-
gument is more trustworthy than another, the preference in the AT should
enable it to defeat it;

• Screened defeat: if an argument is strictly more trustworthy than another
it should defeat it.

Notice that the last two properties refer to pairs of conflicting arguments. Also
notice that the requirements of the third property, screened defeat, will be
refined excluding cases of preference-independent attacks (see Property on CAT
2).

3.3 Desiderata on Contextualized revision

This section formalizes the notions of the previous section introducing formal
desired properties on contextualized revision by means of desiderata on Argu-
mentation Theories in ASPIC+.

These desiderata express properties on contextualized argumentation theo-
ries. (If there is no danger of ambiguity, the following definitions and properties
will leave the argumentation theory implicit).

I shall now present some desired properties for contextualized revision.

Desideratum 1 (Deductive Monotonic Contextualized Revision). A contextu-
alized revision operator ⊗ is deductively monotonic if for all argumentation the-
ories AT and arguments A, we have that ∀A′ ∈ Args(AT )Prem(A′) ⊆ K(AT ′)
where (Ctx,AT )⊗A = (Ctx,AT ′)

If this property is satisfied, a contextualized revision operator does not carry
out destructive changes in the argumentation theory.

Desideratum 2 ensures consistency between the ordering induced from trust
and the one on arguments. The next one, Desideratum 3, guarantees that under
some circumstances arguments cannot defeat each other if trust is used to assign
them preferences.

The desiderata express constraints on Contextualized Argumentation Theo-
ries. These properties are then extended to contextualized revision.

Property on CAT 1 (Consistency with context ordering). A CAT (τA, AT )
satisfies the property of consistency with context ordering if given two arguments
A,B ∈ Args(AT ) such that τA(A) ≤ τA(B), A � B (where � is the ordering
relation in AT ).
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Desideratum 2 (Consistency with Context Ordering). A contextualized revi-
sion operator ⊗ satisfies the Desideratum of Consistency with Context Ordering
if if CAT satisfies the property of the same name then CAT ⊗A satisfies it too,
for each CAT and A.

The next desired property connects the trust levels of two arguments with
constraints on their defeat relationship. The next property imposes a condition
on pairs of argument:the lack of attacks which are preference-independent.

Definition 24 (Preference-independent attack). An argument A carries out a
preference-independent attack on an argument B if A contrary-attacks B or A
undercuts B.

Defeat in preference-independent attacks is automatic in ASPIC+, thus trust
cannot affect them since it imposes only a preference between arguments.

Property on CAT 2 (Screened defeat). A CAT (τA, AT ) satisfies the property
of Screened Defeat if given two arguments A,B ∈ Args(AT ) such that:

• τA(A) < τA(B);

• A does not carry out a preference-independent attack on B

then A does not defeat B in AT.

Desideratum 3 (Screened defeat). A contextualized revision operator ⊗ sat-
isfies the Desideratum of Screened Defeat if if CAT satisfies the property of
Screened Defeat then CAT ⊗A satisfies it too, for each CAT and A .

A Contextualized Argumentation Theory for which the properties above do
not hold is of little use (at least for the settings considered in this thesis), thus
the following definition:

Definition 25 (Effective Contextualized Argumentation Theory). A Contex-
tualized Argumentation Theory is effective if it satisfies the properties of Con-
sistency with Context Ordering and Screened Defeat.

How to build effective Contextualized Argumentation Theories by means of
an operator of contextualized revision will be the subject of the next section.

Note that the desiderata above assume a definition of the τA function. In
the next subsection I will propose how to derive this function from trust on
argument premises.

3.4 From trust on formulae to trust on arguments

Arguments in ASPIC+ are structured pieces of information composed by several
elements: premises and rules that in turn form other subarguments. So far, I
assumed that each argument has a specific level of trust attached to it. However,
when an agent considers the trust level of a certain argument it may be that
not all the argument’s sub-arguments come from the same source.
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In this section I propose how the trust level τA of a single argument can be
obtained from the trust of its composing elements: premises and rules (this is
also close to the approach in [PTS+11] where a trust value over an agent is trans-
lated to a belief value on premises and only then it becomes an ordering over
arguments). Formulae, that will then become premises and rules in arguments,
are the basic unit of exchange in several dialogue protocols [PWA03, Pra05], for
this reason trust is assumed as ”given” on these elements, rather than on whole
arguments. Thus I assume that trust on arguments, τA, is defined for an argu-
ment A only if for all φ ∈ Premises(A)∪DefRules(A)∪StrictRules(A) a trust
function on formulae, τ , is defined 3. The set Premises(A) ∪DefRules(A) ∪
StrictRules(A) will be from now on called Formulae(A).

ASPIC+ has a type of premise which is treated specially : necessary axioms
(see definition of knowledge base and admissible orderings in the background
section on ASPIC+). Given a KB, trust level on any formula that belongs to
Kn is assumed to be 1.

This function above is the one on which trust on arguments can be defined.
Desiderata 2 and 3, however, require a trust function defined on arguments. I
shall now discuss a few ways to get from trust on premises to trust on arguments.
This passage from τ to τA is partly inspired from operators for combining belief
degrees discussed in [PTS+11].

Definition 26 (Trust on arguments as minimum). τA : S → [0, 1]
τA(A) = minφ∈Formulae(A)(τ(φ)) where S is a set of arguments.

For the next definition of trust over arguments I require that the premises
of the arguments all have the same trust level. I shall call these arguments
homogeneously trustworthy.

Definition 27 (Homogeneously trustworthy arguments).

HS
τ = {A ∈ S|∃t ∈ [0, 1]s.t.∀φ ∈ Formulae(A)τ(φ) = t}

The set of arguments S in HS will be considered implicit when there is no
risk for ambiguity.

Definition 28 (Homogeneous trust on arguments). τA : Hτ → [0, 1]
τA(A) = t (where t is the trust level of each of the formulae in Formulae(A))

The functions in definition 26 and 28 will also be referred to as respectively
τmin and τhom.

Notice that τhom is a restriction of τmin over homogeneously trustworthy
arguments.

The definitions above represent measures of trust for arguments starting from
trust on their premises. Definitions 26 reflect a cautious attitude towards ar-
guments which contain heterogeneous trust levels: the agent considers the least
trustworthy subargument in order to evaluate the whole argument. Definition

3In general I assume a generic logical language LU and universe of rules RU such that
Dom(τ) = LU ∪RU
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28 can be used in contexts where the arguments the agent reason with come all
from the same source. More sophisticated options may be explored with an eye
on literature on trust and argumentation [PTS+11] or trust in MAS [HH11].

So far I have discussed desired properties on contextualized revision and
showed how a context function on arguments can be built from a context func-
tion from the formulae in them. In the next section I will present a way to
obtain a context revision operator by exploiting the context function to deter-
mine arguments’ preferences.

Generalizing with context transformers

In the previous paragraphs I described a different type of context function than
the one used in the definition of CATs. These functions are defined on the for-
mulae that constitute arguments and their values are used to produce a context
on the arguments themselves (e.g. τA).

In particular I proposed two different definitions of τA: τmin and τhom. These
are not to be considered the only possible definitions of a context function on
arguments from a context on formulae, but are simply the ones we are using for
further investigation of the theoretical framework at hand, given their generality.
At the same time, the rationale behind τmin and τhom is still applicable in a
number of domains, so it is worth abstracting from the way we defined them in
the previous sections.

The following definitions are not completely formalized because they would
be very similar to definitions 26 and 28, however it is straightforward to gener-
alize the results in the previous section from the following descriptions.

I call (context) transformer (usually denoted with T ) any operator that takes
a context on formulae ctx : LU ∪RU → R and returns a context on arguments
CtxA : S → R (where S is a set of arguments).

Definition 29 (Min-Transformer). Given a context function on formulae ctx,
the application of the tranformer Tmin on ctx, CtxA = Tmin(ctx), is a context
on arguments behaving analogously to τmin

Definition 30 (Hom-Transformer). Given a context function on formulae ctx,
the application of the tranformer Thom on ctx, CtxA = Thom(ctx), is a context
on arguments behaving analogously to τhom

The operators above are not only a further layer of abstractions for the
definitions in the previous section, in fact they will turn useful later on in this
work (namely with Contextualized Knowledge Bases) allowing a higher degree
of modularity.

4 Contextualized Revision by update of prefer-
ences

In this section I propose a possible way to build the abstract contextualized revi-
sion operator described in the previous section. For this purpose I will describe
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the basic notions of Contextualized Knowledge Bases and their evaluation. By
using the properties of ASPIC+ argumentation theories, I will prove how these
notions can achieve effective contextualized revision under certain assumptions.

4.1 Contextualized Knowledge Base

The notion of Contextualized Knowledge Base allows to concretely instantiate
contextualized revision operators.

Definition 31 (Contextualized Knowledge Base). Given a logical language L,
a Contextualized Knowledge Base (CKB) on L is a triple (K,R, pref) where

• K ⊆ L;

• R is a set of rules (in the sense of ASPIC+) over L;

• Rd ⊆ R is the set of all the defeasible rules in R;

• pref is a function from K ∪R to R.

The set K in a CKB is close to a knowledge base in ASPIC+. Definition
32 of the Argumentation Theory derived from a CKB will show how a CKB
is closer to Kp as necessary axioms are not being used in CKBs.

The set R of rules in a CKB may contain strict as well as defeasible rules.
To simplify the formalism I assume that strict rules (that is any rule in R\Rd)
are in the domain of pref , however since strict rules will not be used when
building an argumentation theory from pref we can assume pref(rs) to be an
undefined value for any strict rule rs.

In the following I will assume the existence of a contrariness function Not :
L → 2L (see definition 3).

Definition 32 (Argumentation Theory from CKB). Given a Contextualized
Knowledge Base CKB = (K,R, pref) an Argumentation Theory from CKB is
ATord(CKB) = (AS,KB,�A) where:

• AS = (L, Not,R,≤d)

• ≤d is such that ∀r1, r2 ∈ Rd r1 ≤d r2 ⇔ pref(r1) ≤ pref(r2)

• KB = (K,≤K)

• ≤K is such that ∀φ1, φ2 ∈ K φ1 ≤K φ2 ⇔ pref(φ1) ≤ pref(φ2)

• the admissible ordering over arguments �A is derived by applying the
weakest-link or last-link principles to ≤d and ≤K , denoted respectively
by ATll(CKB) or ATwl(CKB) (If the assumed admissible ordering is not
relevant I will use the notation AT (CKB))
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Note that all the formulas in the resulting Knowledge Base in an Argumen-
tation Theory are ordinary premises.

Now that we defined CKBs we want to see how to build them. There are
two main elements: the formulae, by which to build the arguments (given by
K and R) and the preferences by which comparing these arguments according
to some prior The following notion is the basic building block for achieving
contextualized revision with contextualized knowledge bases.

Definition 33 (Evaluation of an argument in a CKB). Given a Contextu-
alized Knowledge Base CKB, an argument A and a context function ctx :
Formulae(A) → R, the evaluation of argument A in CKB by context ctx is a
function eval that returns a new CKB:

CKB′ = eval(CKB,A, ctx)

where CKB′ = (K′,R′, pref ′) and

• K′ = K ∪ Prem(A)

• R′ = R∪Rules(A)

• pref ′(φA) = ctx(φA) ∀φA ∈ Formulae(A)

• pref ′(φ) = pref(φ) ∀φ ∈ K(CKB) ∪R(CKB)

As the definition above shows, when evaluating an argument the new pref-
erence function in CKB′′ is an extension of that in CKB.

If an agents evaluates its Contextualized Knowledge Base with a new ar-
gument two things happen: the formulae in the argument are stored in the
Contextualized Knowledge Base and the preferences corresponding to each of
the formulae are updating by means of the context values. Notice that when
evaluating a Contextualized Knowledge Base with a new argument we update
it with both premises and rules. The reason for this is to enable agents that
acquire new arguments to be able to make use of the inference rules in those
arguments in the future.

The simple way Contextualized Knowledge Bases deal with preferences on
premises and rules comes with a cost and will account for most of the technical
challenges in the next subsection for proving that this formalism may support
effective Contextualized Argumentation Theories.

The following is an example of the use of evaluation in CKBs to have con-
textualized revision. We assume a sequence of incoming arguments and to start
from an empty CKB evaluating each argument at the time. Formally, We have
in input a set of incoming arguments I = {A1,A2, ...,An}, a context function
on arguments ctx and a context transformer.

Example 1. Our agent has received the following sequence of arguments I =
{A1,A2} where each formulas is contextualized by means of a trust function τ .

For convenience of notation, the functions τ and pref are represented as
dictionaries, i.e. sets of pairs (key, value).

The two arguments are:
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• A1 = ({p, r1 : p q}, q)

• A2 = ({¬q},¬q)

The context is given by τ = {(p, .2), (r1, .4), (¬q, .3), }
Since it has just started the revision process its CKB is empty, thus we have

CKB = (K0,R0, pref), where K0 = R0 = pref = ∅. We will build the final
Contextualized Knowledge Base by iterating CKBi := eval(CKBi−1,Ai, ctx)
for all Ai ∈ I.

i K(CKBi) R(CKBi) pref(CKBi)
0 {} {} {}
1 {p} {r1} {(p, .2), (r1, .4)}
2 {p,¬q} {r1} {(p, .2), (r1, .4), (¬q, .3)}

One thing to notice is that CKBs are unaware of transformers when they
are built. Thus, as we will see in the next section, given a specific CKB, they
respect the properties of the context function on formulas no matter how strict
it is the criterion on arguments (as said before, transformers can be used as
criterions the agents have on how to use the meta-logical information and their
beliefs).

Definition 34 (Preference-based contextualized revision). Given a context func-
tion ctx (on formulas), a context tranformer T , a Contextualized Knowledge
Base CKB and an argument A, preference-based contextualized revision is de-
fined as

(Ctx,AT (CKB))⊗ckb A = (Ctx,AT (CKB′))

where CKB′ = eval(CKB,A, ctx) and Ctx = T (ctx)

The definition above is quite general, assuming an arbitrary transformer and
making no assumption on the connection between the context on formulas and
the one on arguments. However, as we will see in the next section, only specific
instances allow us to satisfy desiderata on CATs.

Where are ASPIC+ axioms in CKBs?

The reader may notice that in the previous definition of Contextualized Knowl-
edge Bases all the premises we are used are ordinary assumptions in ASPIC+
Knowledge Bases. The reason for this is the following: axioms are premises
on which arguments cannot be attacked, thus protecting arguments with axiom
premises from undermining on those premises. As we will see in the next para-
graphs, a Contextualized Knowledge Base enables us to have a contextualized
revision operator where Screened Defeat holds. The latter property protects
arguments from defeat from attacking arguments that are less trustworthy (or
that in general have a lower context). In this sense, to some extent, high trust-
worth premises take the place of axioms and I chose not to include the latter to
simplify the definitions on Contextualized Knowledge Bases.
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4.2 Desiderata for preference-based contextualized revi-
sion

Proposition 1 (Preference-based contextualized revision is deductively mono-
tonic). Sketch of the proof: for Definition 33 in an Argumentation Theory result
of evaluation the set of the premises is monotonic with respect to inclusion.

In the following propositions StrictArgs(AT ) and DefArgs(AT ) are respec-
tively the sets of strict and defeasible arguments in an Argumentation Theory
AT .

Proposition 2. Desiderata 2 and 3 hold for any preference-based contextual-
ized revision with context τstrictmin (the restriction of τmin to strict arguments) in
ATll(CKB) and ATwl(CKB).

Proof. The proof is the same for both derived argumentation theories ATll and
ATwl. It is sufficient to show that, given any CKB, the properties on CATs cor-
responding to desiderata 2 and 3 hold for (τstrictmin , AT (CKB)). First note that
all arguments in AT (CKB)) are plausible (see definition 32). For desideratum
2, we want to show that given any two arguments A,B ∈ Args(AT (CKB))
s.t. τA(A) � τA(B) we have A � B. Both arguments are strict, hence as-
suming either ordering on them (weakest-link or last-link) we have A � B iff
Prem(A) �s Prem(B) (see Definitions 10 and 12). For definition of τmin we
have τ(pminA ) ≤ τ(pminB ) where pminA and pminB are the least trustworthy premises
respectively in A and B. Therefore ∀pB ∈ Prem(B) τ(pminA ) ≤ τ(pminB ) ≤
τ(pB). By definition of �s this implies Prem(A) �s Prem(B). Hence A � B.
For Desideratum 3, we have to show that if τA(A) < τA(B) and A does not
contrary attack B or viceversa, A does not defeat B. In order for A to defeat B
we should have that A attacks B and B ≺ A. The latter is not possible since,
as shown before, Prem(A) ≺s Prem(B).

The following proposition states that strict homogeneously trustworthy ar-
guments can satisfy Desiderata 2 and 3.

Proposition 3. Desiderata 2 and 3 hold for any preference-based contextual-
ized revision with context τstricthom (the restriction of τhom to strict arguments) in
ATll(CKB) and ATwl(CKB).

Proof. The proof is identical to Proposition 2: it suffices to observe that τhom
is a restriction of τmin to homogeneously trustworthy arguments.

The proposition above shows that a strict argument inserted by evaluation
and coming entirely from a source S can not be defeated by incoming argu-
ments from sources less trustworthy than S (except for contrary attacks). The
assumption of homogeneous trust is used to ensure that arguments come from
a single source.

These propositions can partly be extended to defeasible arguments, viz. ar-
guments that use defeasible rules.
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I will show that using τhom can be extended to defeasible arguments in a
straightforward way, while the same is not true for τmin and the reason for this
will be explained later on.

Proposition 4. Desiderata 2 and 3 hold for any preference-based contextualized
revision with context τhom in ATll(CKB) and ATwl(CKB).

Proof. As in Proposition 2, it is sufficient to prove that given any CKB, the
properties on CATs corresponding to desiderata 2 and 3 hold for (τhom, AT (CKB)).
Let us consider two arguments A,B ∈ Args(AT (CKB)) s.t. τ(A) < τ(B). First
observe that if τ(A) < τ(B) then Prem(A) ≺S Prem(B) and DefRules(A) ≺S
DefRules(B). This because given any formula (premise or rule) φA and φB
respectively such that φA ∈ Formulae(A) and φB ∈ Formulae(B), we have
τhom(φA) < τhom(φB). If DefRules(A) 6= ∅, given any rule rA ∈ DefRules(A)
we have that τhom(rA) = τhom(φA) < τhom(φB) = τhom(rB) where rB is an ar-
bitrary defeasible rule of B. Hence DefRules(A) ≺S DefRules(B). Reasoning
in an analogous way, we can show that Prem(A) ≺S Prem(B) and assum-
ing τ(A) ≤ τ(B) we can have Prem(A) �S Prem(B) and DefRules(A) �S
DefRules(B).

We can now observe that, both with Last Link or Weakest Link (see Defi-
nitions 10 and 12), it holds that τ(A) ≤ τ(B) ⇒ A � B, hence Property 2 is
satisfied. To show that Property 2 holds, we can observe that under its assump-
tions A ≺ B. Now we only need show that we have B 6≺ A . The latter holds
since Prem(A) ≺S Prem(B) and DefRules(A) ≺S DefRules(B) and neither
A nor B is strict and firm. Hence Property 3 holds.

We saw that we could show properties of CKBs for τmin with strict argu-
ments, whereas the properties above could not be easily shown to be holding
for general arguments. This technical difficulty is due to a feature of the ad-
missible orderings we are considering (weakest-link and last-link) and to the
way Contextualized Knowledge Bases work. This will be exemplified by the
following.

Example 2. Let us consider the following Knowledge Base, rule set and trust
function.

• K = {p, s}

• R = {r1 : p q, r2 : s ¬q}

• τ(p) = 0.7; τ(s) = 0.8; τ(r1) = 0.9; τ(r2) = 0.6

• A = ({p, r1}, q); B = ({s, r2},¬q)

We are considering τA = Tmin(τ) as a context on arguments. Thus we have
τA(A) < τA(B). However if we build a CKB by evaluating the two arguments,
we have Prem(A) 6≺S Prem(B) and DefRules(A) 6≺S DefRules(B). Thus
neither with last-link nor weakest-link we can have A ≺ B.
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5 Using meta-argumentation for dynamic con-
texts and applications to dialogues

In the previous sections I showed how we could use context values, conceived
as properties of the system at hand, to influence properties of arguments. In
some settings these properties and consequent context may come directly from
the arguments themselves. For example agents may argue about the trustwor-
thiness of a third source of information [PSM12] or state whether some of their
statements are subjective [vdWD12].

In this section I will use the CKBs presented in the last section to define
a meta-argumentation approach by which agents may change the preferences
they use during contextualized revision. This approach will be presented in the
setting of agent dialogues and by specific examples on trust.

The meta-argumentation approach presented here extends the possibilities
of Contextualized Revision to contexts so that agents can use arguments to
express context and reason on these. The meta-argumentation system proposed
is based on the work of [vdW11].

These preliminaries on meta-argumentation will also be used in the next
section on Argument Revision.

5.1 Preliminaries on meta-argumentation

A general idea of meta-argumentation as an approach is that one can express
preferences on arguments as arguments themselves. A predicate ≺ is allowed at
a higher-level to express order between arguments. Thus, the meta-argument
A = A1 ≺ A2 expresses that argument A1 has less conclusive force than A2.

In this section we introduce the formal preliminaries of meta-argumentation.
The following notions are based on the work in [vdW11]. In this section we will
use meta-argumentation to describe context by means of justified conclusions
at the meta-level. Thus we will use meta-argumentation to determine context
levels on the basis of properties of arguments and their elements. We will not
use the full power of meta-argumentation by deriving a defeat relation at the
object level (see definition of argumentation system below) from the justified
conclusions at the meta-level. A more powerful meta-argumentation framework
will be described in Section 6.

The following is the notion of meta-language, which refers to elements of a
particular argumentation system, with respect to which it is at the meta-level.

Definition 35 (Meta-language). Let AS = (L,Rs ∪ Rd, Not) be an argumen-
tation system and let R = Rs∪Rd. A Meta-Language w.r.t. AS is a first-order
language L′ such that L′ 6= L and with at least:

• constants:

– for each formula φ ∈ L, there is a constant φ,

– for each inference rule r ∈ R, there is a constant r,
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– for each argument A in Args(AS) there is a constant A,

– for each subset X of L, R or Args(AS) there is a constant X

• functions:

– for each function on arguments defined in Definition 7 there is a
function symbol, and

– there is an unary function symbol for Not,

• predicates:

– unary predicates: np, op

– binary predicates: in,�Args,�R and �L

The definition above uses a variation of the definition of argumentation sys-
tem used in the previous sections (see Definition 3) to align with the work in
[vdW11]. In fact here we do not require that the tuple representing the argu-
mentation system contains an the ordering on rules. Given an argumentation
system AS = (L,R, Not), we will assume that there exists an ordering �R
over rules. Similarly I will assume that there exists an ordering �L among the
formulae in the logical language L, thus knowledge bases will not be defined
as pairs containing a set of fomulae and an ordering but as simple sets. These
assumptions will be used in the remainder of this thesis. One of the reasons
for such changes in definitions is that the argumentation theory in definition
41 will have an ordering on arguments based determined by justified formu-
lae at the meta-level and not by any fixed ordering in its knowledge base and
argumentation system.

The unary predicates “np” and “op” denote that the given formula is a neces-
sary axiom 4 and an ordinary premise respectively in the object-level knowledge
base.

The binary predicate �Args is also written as x �Args y and denotes that y
is as strong as or stronger than x. The predicates R and L are used similarly
and denote relative strength of sets of object-level defeasible rules and sets of
object-level formulae.

For ease of notation, if x is a constant, then we will write simply x if there is
no ambiguity. For example, instead of in(φ,L), we will write in(φ,L). Further
abbreviations are represented in Table 2 ([vdW11]) (notice that the author uses
SR and DR to denote respectively strict and defeasible inference rules in R).

The following definition describes contrariness for meta-languages, limiting
it to symmetrical conflict.

Definition 36. Let L be a meta-language for argumentation system AS. A
contrariness function for meta-language L is a contrariness function Not : L →
2L with at least

4The name ”np” is kept for continuity with the work in [vdW11] that uses ”necessary
premise” instead of ”necessary axiom”
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Figure 2: Abbreviations in Meta-languages

• x ≺ y ∈ Not(y ≺ x), and

• there are no formulae φ and ψ s.t. φ ∈ Not(ψ) and ψ 6∈ Not(φ).

We may now define meta-argumentation systems:

Definition 37 (Meta-Argumentation System). Let AS be an argumentation
system. A Meta-Argumentation System on the basis of argumentation system
AS = (L,R, Not) is an argumentation system (L,Rs ∪Rd, Not) where

• L is a meta-language for AS,

• Rs is the set of all valid first-order inference rules,

• Rd is a set of defeasible inference rules, and

• Not is a contrariness function for L.

Meta-argumentation systems are a class of argumentation systems, thus it is
straigthforward to build a meta-argumentation theory for a meta-argumentation
system. Recall that an argumentation theory is a tuple consisting of an argu-
mentation system AS, a knowledge base and argument ordering over the ar-
guments in AS. In the knowledge base we will put several axioms to ensure
desirable properties (Figure 3 from [vdW11]):

Definition 38 (Meta-Knowledge Base). Let AS be a meta-argumentation sys-
tem on the basis of an argumentation system AS and K = Kn ∪Kp is a knowl-
edge base in AS. A meta-knowledge base in AS on the basis of K is a tuple
K′ = K′n ∪ K′p with

• K′n containing the axioms in the table in Figure 3,

• x ∈ X iff in(x,X) ∈ K′p,
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Figure 3: Axioms for Meta-Argumentation Theories

• φ ∈ Kp iff op(φ) ∈ K′p ,

• φ ∈ Kn iff np(φ) ∈ K′p,

We can now define meta-argumentation theories:

Definition 39 (Meta-Argumentation Theory). Let AS be an argumentation
system and K a knowledge base in AS. A meta-argumentation theory w.r.t.
AS and K is an argumentation theory 〈AS ′,K′,≤〉 with:

• AS ′ a meta-argumentation system w.r.t. AS,

• K′ a meta-knowledge base in AS w.r.t. K, and

• ≤ an argument ordering over Args(AS) that satisfies the last-link or weak-
est link principle.

Note that meta-argumentation theories are a class of argumentation theories
(see Definition 9). Thus it is straightforward to construct its corresponding
argumentation framework as described in subsection 2.2. We aim at using the
status of formulae w.r.t. � in the meta argumentation framework to determine
the argument ordering of the object level argumentation theory. The conclusions
of the AF of a meta-level argumentation theory will be used to construct the
argument ordering of object-level arguments according to grounded semantics,
which allows exactly one argument ordering over object-level arguments. This
justifies the following definition:
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Definition 40 (Grounded Argument Ordering). Let AF be the argumentation
framework of a meta-argumentation theory AT w.r.t. AS and K. The grounded
argument ordering on the basis of AT is a binary relation ≤ over Args(AS)
such that A ≤ B iff A � B is a justified conclusion of AF .

Given a meta-argumentation theory, we can build an object-level argumen-
tation theory with the grounded argument ordering of the meta-argumentation
theory.

Definition 41 (Argumentation Theory Based On Meta-Argumentation). Let
AT be an argumentation theory w.r.t. AS and K. The object level argumenta-
tion theory based on AT is an argumentation theory 〈AS,K,≤〉 where ≤ is the
grounded argument ordering on the basis of AT .

In [vdW11] it is shown that the meta-level argumentation framework satisfies
ASPIC+ rationality postulates and that the object-level argument ordering it
describes satisfies the last-link principle.

In this section we will make use of meta-argumentation to describe properties
on arguments and formulae at the object level such as context levels and we will
make use of argumentation theories based on meta-argumentation only in the
Section 6 when introducing argument revision. Thus Section 5 will not make
use of definitions 41 and 40.

5.2 Updating trust contexts with meta-arguments

The notions in the following paragraphs will enable dialogical agents to argue
modifying a context function by means of meta-arguments. Dialogues are sys-
tems for inter-agent communication [MP09]. They are described by means of
formal protocols defining the agents’ communication rules and involve one of
more locution acts, i.e. the type of utterances agents can carry out. We will
consider a very simple dialogue protocol where the only locution act is claim(A)
used for communicating arguments. We assume a binary variant of the locution
act, claim(α,A), where α is the agent who uttered A. We will also only cover
the case of an agent observing dialogue moves and carrying out contextualized
revision on them.

As discussed in [vdWD12], meta-argumentation can be useful to model ob-
servation of dialogue moves by agents. In our case agents may have to observe
moves for two main reasons: for keeping track of the arguments claimed by
other agents and reasoning about the trust context function. The former reason
is part of the purpose in [vdWD12] whereas the second one is specific to the
setting of Contextualized Argumentation Theory.

Technically, we aim at using a meta-argumentation theory to build a Con-
textualized Argumentation Theory CAT whose arguments and context function
are determined respectively from specific formulae in the meta-knowledge base
(i.e. the observed utterances) and from specific justified formulae. The first
part of a Contextualized Argumentation Theory (see Definition 21) is its con-
text function, here assumed to represent trust for sake of example. We will
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enable meta-arguments to determine the trust context function τ in CAT . The
other part of CAT is the argumentation theory AT (CAT ); we aim at making
sure that the latter is such that CAT is effective in the sense of Definition 25.

This argumentation theory will be produced by a Contextualized Knowledge
Base by using definitions and results from the previous section. However, this
time we want the meta-arguments to affect the arguments produced by the
Contextualized Knowledge Base (because these same meta-arguments affect a
context function). We enable this in two ways: updating K(CKB) with the
formulas in the claimed arguments and imposing preferences that reflect the
context. These two constraints are exactly those imposed by evaluation, thus
we will use the function eval on CKBs in the following definitions. Finally,
these notions will be formalized in the setting of dialogical agents by including
explicit representation of utterance types (only claim in our case).

The following definition is an instance of how to define a system that allows
reasoning about trust and that brings about a corresponding Contextualized
Argumentation Theory.

Definition 42 (Dialogical Trust-based Agent). A Dialogical Trust-based Agent
(DTA) is a tuple (AS2,K2, τctx, CKB) where:

1. Let AS = (L,R(CKB), Not) is an argumentation system for some logical
language L and contrariness function Not,

2. AS2 is a meta-argumentation system on the basis of AS,

• L2, the logical language of AS2, is a meta-language for AS and con-
tains the binary predicates τ and claim,

3. K2 is a meta-knowledge base in AS on the basis of K(CKB),

4. τctx(φ) = t iff τ(φ, t) (i.e. ”τ(φ) = t”) is S-justified in the argumentation
framework corresponding to the meta-argumentation theory AT 2 for some
semantics S,

• AT 2 = 〈AS2,K2,≤〉 where ≤ is an argument ordering over Args(AS)
that satisfies the last-link or weakest-link principle.

From now on, given a CKB, we will also denote the argumentation system
in the first bullet of the definition above as AS(CKB).

Notice that τ is a predicate symbol in the meta knowledge base, whereas
τctx is a function on formulae such as the one defined in Subsection 3.4.

The most important parts of the definition above are (i) the requirement for
the meta-logical language to include predicates to describe uttered arguments5

and context values and (ii) the definition of the context function on the basis
of justified conclusions.

By the definition above we obtain a Contextualized Argumentation Theory
(τActx,AT (CKB)), where τActx is the context on arguments for τctx (i.e. τActx =
T (τctx) for some tranformer T ) .

5a similar approach is taken in [vdWD12]
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The binary predicate claim refers to the claim move in argumentative dia-
logue protocols [Pra05], that in general is used when an agent communicates an
argument to one or more other agents in a dialogue. Dialogue protocols usually
involve more locution types, but in this venue I will focus on a very simple
dialogue protocol based only on the locution claim. The predicate is binary so
that we can keep track not only of the uttered argument but also of the agent
α, the speaker; in an example later in this chapter the agent-parameter will be
useful to show the connections with reasoning on trust contexts.

How does a dialogue affect the system above? The connections between the
dialogue and the meta-argumentation system may be formalized by a notion
similar to the commitment update rules in [vdWD12] (Definition 21). In our
setting with our simplified dialogue system we impose that if, at a certain time,
an agent with a meta-knowledge base K2, observes the move claim(α,A) then
it updates its meta-knowledge base by the following:

Definition 43 (Updating Knowledge Base during a dialogue). Let DTA =
(AS2,K2, τctx, CKB) be a Dialogical Trust-based Agent, if it observes move
claim(A) during a dialogue, then the agent is updated to DTA′ = (AS2,K′2, τ ′ctx, CKB′)
such that:

• If A is an object-level argument:

– K′2 = (K′2,p ∪ K′2,n,≤K),

∗ K′2,n = K2,n where K2,n is the set of necessary axioms in K2,

∗ K′2,p ⊇ K2,p∪{claim(α,A)} 6 is the smallest set, w.r.t. inclusion,
such that K′2 is a meta-knowledge base in AS(CKB′) on the basis
of K(CKB′)

– CKB′ = eval(CKB,A, τctx),

– τ ′ctx = τctx

• If A is a meta-level argument (i.e. not an object-level argument):

– K′2 = (K′2,p ∪ K′2,n,≤K),

∗ K′2,n = K2,n where K2,n is the set of necessary axioms in K2,

∗ K′2,p = K2,p ∪ Formulae(A)

– CKB′ = CKB

– τ ′ctx is such that DTA′ is a Dialogical Trust-Based Agent (i.e. τ ′ctx
is defined as in bullet 4 of Definition 42).

Above, an argument is an object-level argument if its premises are a subset
of the logical language at the object-language (rules are not a problem because
we include them by means of eval, thus extending the argumentation system
at the object level). The update rule above says that when an agent observes
a claimed argument A at the object level, it would expand the contextualized

6α is the agent who made the observed move
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knowledge base in the DTA with A. The context values used for the evaluation
are taken from the context function in DTA. Also the meta-knowledge base is
expanded including a predicate corresponding to the locution act. If A is an
argument at the meta-level, we extend the meta-knowledge base with it. We
consider the possible effect of the argument updating the context function τctx
when a new extension for the new meta-argumentation theory is determined.
This is necessary to model the possibility that the claim’s conclusions deals with
trust levels.

In Section 3 we assumed that context is a function defined on a subset of all
possible arguments. When using eval in the rule above it is possible that context
is not defined on the particular argument we are evaluating with. We can solve
this problem by assuming a default value for formulae/arguments whose value
is not determined by the predicate τ at the meta-level.

Notice that K′2,p is well-defined because extending the sets in an argumen-
tation system or a knowledge base at the object level (which is the case with
evaluation of contextualized knowledge bases) can only extend a corresponding
meta-knowledge base.

The definition of DTA gives rise to a Contextualized Argumentation Theory
(τctx, CKB). The definition of updating on the other hand gives rise to a
contextualized revision process: every time an agent observes the move claim(A)
by the definition above we carry out the revision (τctx,AT (CKB)) ⊗ckb A =
(τ ′ctx,AT (CKB′)). The reader may see how, differently from Section 3, here
the context function changes with revision.

Notice that the properties of CKB we saw holding for CKBs in the last
section still hold here: the resulting CAT is effective. The meta-argumentation
formalism shown here allows us to express the interplay between dialogue moves,
changes in contexts and consequent contextualized revision.

Notice that given the property of deductive monotonicity of CKBs we have
claim(α,A) ∈ K2 ⇒ ∀φ ∈ Formulae(A) φ ∈ AT (CKB).

The following is an example of application of Contextualized Knowledge
Bases with meta-argumentation.

5.3 Dialogical Trust-based Agents in action: choosing a
movie

Agent α is looking for a movie to watch on a Saturday night and asks for advise,
let us consider the following dialogue between agents α, β and γ (we will consider
only α’s perspective listening to these arguments):

1. β: You should watch the movie ”Tetsuo The Ironman” by Shinya Tsukamoto
because it is good cyberpunk.

2. β: You should watch the movie ”Blade Runner” by Ridley Scott because
of its director.

3. γ: When β talks about Japanese movies, it is usually too biased
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4. γ: Tetsuo is a Japanese movie.

5. γ: You should not watch Tetsuo because it is too violent.

6. γ: You should not watch Blade Runner either because it is based on a
novel by a lousy writer.

We will assume that, by default, α attaches a trust level of 0.8 and 0.7 to
formulae respectively from β and γ (see defeasible rules below). Since we will
deal with defeasible arguments I assume τhomA to construct context levels on
arguments in order to use properties of effective Contextualized Argumentation
Theories with CKBs.

The following table summarizes the arguments constructible by α (the col-
umn CKBi below represents the Contextualized Knowledge Base of the Trust-
Based Dialogue Agent α at time i, the union of the setsR(CKB) and K(CKB)).
Some other aspects of the formalism have been simplified and are discussed be-
low.

i Locution Ki2 τ iA CKBi

0 - {} {} {}
1 claimβ(A1) K0

2 ∪ {claim(β,A1)} {A1 : .8} CKB0 ∪ Formulae(A1)
2 claimβ(A2) K1

2 ∪ {claim(β,A2)} {A1,A2 : .8} CKB1 ∪ Formulae(A2)
3 claimγ(A3) K2

2 ∪ Premises(A3) {A1,A2 : .8} CKB2

4 claimγ(A4) K3
2 ∪ {claim(γ,A4)} {A1 : .5,A2 : .8,A4 : .7} CKB3 ∪ Formulae(A4)

5 claimγ(A5) K4
2 ∪ {claim(γ,A5)} {A1 : .5,A2 : .8,A4,A5 : .7} CKB4 ∪ Formulae(A5)

6 claimγ(A6) K5
2 ∪ {claim(γ,A6)} {A1 : .5,A2 : .8,A4,A5,A6 : .7} CKB5 ∪ Formulae(A6)

The arguments and formulae in the table above are the following:

• A1 : {goodCyberpunk(Tetsuo) shouldWatch(Tetsuo)}

• A2 : {director(BladeRunner) shouldWatch(BladeRunner)}

• A3 : {japanese(m), claim(β,A), Conc(A) = shouldWatch(m), φ ∈ Formulae(A) 
τ(φ) = .5} (here A is a variable on arguments)

• A4 : {japanese(Tetsuo)}

• A5 : {violent(Tetsuo) ¬shouldWatch(Tetsuo)}

• A6 : {lousyWriterStory(BladeRunner) ¬shouldWatch(BladeRunner)}

• rτ(β) : {claim(β,A), φ ∈ Formulae(A) τ(φ) = .8)}

• rτ(γ) : {claim(γ,A), , φ ∈ Formulae(A) τ(φ) = .7}

Notice how the claim at move 3 changes the context levels. Also note how
this move should be contained in a level 3 meta knowledge base if the application
of the update policy had to be formalized to allow observing moves involving
meta-arguments.
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Notice also how we must apply context changes to formulas rather than on
arguments; the latter have to be determined by the evaluation in the Contex-
tualized Knowledge Base otherwise non-admissible orderings in ASPIC+ argu-
mentation theories may arise.

We assume that the AS2 of the Dialogical Trust-based Agent α contains
rτ(β), rτ(γ) and that preferences are symmetric at this second level. We also
assume that the agents has a prior preference on A3 higher than any argument
using rτ(γ) as an inference rule, this is to ensure that the conclusion of A3 is
justified in the argumentation theory at the second level.

I will now highlight some of the conclusions α may draw at certain points
in time. Notice first that the pref values in CKB will be equal to the context
level at each step i. Before move 3, α may derive the conclusion that it should
watch both movies (there are no attacking arguments for β’s recommendations).
After move 4, α can form an argument whose conclusion sets the context of the
formulae in A1 to .5. Notice how the context changes consequently. After move
5, γ claims A5 which attacks A1. Since the trust levels of the formulae of A1

have been reduced after the previous step, now we have τA(A1) = .5 whereas
τA(A5) = .7. Hence after move 5 we have A1 ≺ A5 and α may conclude that
it should not watch Tetsuo. After move 6, γ attacks the other recommendation
by β. This time, however, argument A2 is considered more trustworthy than
argument A6 because of the default context on them, thus it is A6 that would
be defeated and α can still conclude that it should watch Blade Runner.

The example above shows some features of Contextualized Argumentation
Theories as well as some limitations of Contextualized Knowledge Bases and
the extensions of my formalism to meta-argumentation:

• Consistency with trust orderings and screened defeat may allow to chal-
lenge specific arguments in a predictive manner: if we know (as a property
of the system) that agent β is not reliable on Japanese movies we are able
to observe specific properties of the arguments from it. In this case, after
step 3 we know that any arguments from β that advise japanese movies
will be defeated by conflicting arguments with (strictly) higher reliability.

• Meta argumentation and contextualized revision allow specific (indirect)
changes of preferences in arguments by describing context on their struc-
tural elements.

• Contexts may encapsulate specific properties of a MAS and decide how
this influences the conclusive force of arguments; the example above shows
this for trust but other properties are possible. For example, this approach
may be used to define more sophisticated ways subjective arguments in
[vdWD12] are affected.

• The example shows some limitations of the tranformer Thom: this trans-
former requires that the formulae in an argument all have the same context
value, hence the structure of rτ(β), rτ(γ) and A3.
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• It is not clear how the operators described in Section 4 may enable an agent
to adopt prior preferences on arguments, that is preferences on arguments
that are not acquired by other agents by contextualized revision. Moreover
when context on some formula changes, the current formalism implicitely
assumes that corresponding preferences in the object level CKB changes
as well, whereas they may require a further revision.

• Another limitation is the need for a higher tower of argumentation sys-
tems 7. In fact, in the example above, move 3 is assumed to update the
argumentation system at the meta-level with levels of trust, but recall
from Definition 42 that DTAs describe a tower of only size 2. This does
not allow us to introduce an explicit observed claim in the knowledge base
of the agent.

• Finally, we make no assumption on the preferences at the meta-level, that
is on how the agents may actually reason on trust (the current framework
only enables them to reason on trust). This issue will be addressed in the
next subsection when we will see how agents may reason on trust being
protected by certain types of naive manipulations.

5.4 Agents that are skeptical towards manipulations of
trust

Earlier in this section, we saw how to allow agents to discuss about their trust
levels and how we can use Contextualized Knowledge Bases to incorporate this
information in the argumentation theories in order to guarantee properties of ef-
fective contextualized argumentation theories. The approach we followed was to
define Dialogical Trust-based Agents, a notion that used a meta-argumentation
theory to reason about terms at the object-level and in turn about context. In
this subsection we will address some of the limitations of Dialogical Trust-based
Agents and allow agents to protect themselves from manipulations of trust under
certain circumstances.

The formalization we have given so far for dialogical agents shows a property
which is undesirable in many dialogical settings: agents may claim trust levels
(theirs or other agents’) and the argument for this claim may end up being
justified and actually change their trust levels. This happens because we make
too few assumptions on the arguments at the meta-level. To exemplify this
undesirable effect, let us assume that, at the end of the example in the previous
subsection, agent β claims to α: ”You can consider me very acknowledgeable
on any topic” — thus conflicting with γ’s statement at argument A3. One way
to formalize β’s claim is: Aβ = {claim(β,A), φ ∈ Formulae(A)  τ(φ) =
1}. This argument would be added in the meta-knowledge base of a DTA
(second case of Definition 43) and if there is no defeating argument, Aβ would
be justified. As a consequence τctx would be modified accordingly (last bullet

7Tower of argumentation systems are a generalization of the approach used here with a
single pair of meta-level/object-level argumentation systems. See [vdWD12] for further details.
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of Definition 43), in this case enabling arguments from β to have full trust.
We can see how our previous formalization of DTAs enables makes agents too
naive: other agents would easily convince them that they are trustworthy and
all properties such as screened defeat would offer no protection at all.

I shall now propose a way to tackle this issue. First, notice that this problem
might have occurred if some other agent had claimed a high trust level for γ.
Intuitively, we do not want this to occur, unless we trust significantly the agent
who utters such a trust-manipulation argument. If an agent Ag claims that a
trust level of another agent is t (where t is higher than our current beliefs on
the trust levels), how much trust do we require from Ag in order to (possibly)
believe its proposition? I propose that such an agent should be trusted at least
t in order for its claim to be believed, or even considered, since it may always
be overruled by other incoming information. This principle, that from now on
I will call manipulation-protection principle, may be informally stated as:

The trust level τAg1 attributed to an agent Ag1 may be increased at τ ′Ag1 out
of information by an agent Ag2 only if τAg2 ≥ τ ′Ag1 .

Before I discuss how to formalize the intuitions behind such a principle,
notice that the behavior exemplified by Aβ may also occur if the latter were a
strict argument, rather than a defeasible one. In the rest of this subsection we
will discuss only the defeasible case, showing a solution for issues arising from it
and will assume that strict arguments whose conclusions are of the type τ(φ, t)
are forbidden, thus avoiding the issues arising in the strict case.

In the next paragraphs I will show how the properties (in particular Screened
Defeat) of effective CATs may be used at the meta-level to tackle this problem.
Before showing the formal solution I will discuss some of the observations that
lead to it. Consider a formula φ, let τcur(φ) be the current trust level we attach
to φ; we aim at imposing that whenever an agent AgSrc — to whose arguments
we attach the trust level τcur(AgSrc) — utters an argument with conclusion
”τ(φ) = τnew”, this argument is not justified when τcur(AgSrc) < τnew, with
τnew > τcur(φ). One way we can do this is by having an (atomic) argument with
conclusion ψτ(φ) ≡ ”τ(φ) ≤ τcur(φ)” (read ”the context of a formula φ cannot be
higher than its current trust level”) at the meta-level. Let us now observe how
strong should such an argument be and consequently how to use it at the meta-
level. We aim at having this argument protect us against trust manipulation,
we may then think of using ψτ(φ) as an axiom at the meta-level. However,
such an approach would not be satisfying, since it would prevent any increase
of trust levels: in fact we aim at protecting this only whenever the source of
the information is not trustworthy enough (namely when it has a lower trust
than the increased trust level). Hence we do not want ψτ(φ) to be this strongly
preferred. How strong should ψτ(φ) be then? Notice that we only want ψτ(φ)
to defeat a contradictory conclusion when this conclusion is not trustworthy
enough. But this is exactly what Screened Defeat does! (see subsections 3.2
and 3.3) In particular, we may achieve the manipulation-protection principle
above if the property of screened defeat holds and we attach to ψτ(φ) a context
(trust) value strictly greater than τcur(φ). Thus only arguments A such that

42



τcur(A) is greater than τcur(φ) may be defeated by the atomic argument ψτ(φ).
This corresponds very closely to our principle above.

In the remainder of this section I will propose an improved definition of DTA
that formalizes these observations. For this purpose I shall define the notion of
meta-contextualized knowledge base, in order to deal with trust preferences on
statements at the meta-level in particular with statements of the form ψτ(φ) as
above.

Definition 44 (Meta-Contextualized Knowledge Base). Let CKB = (K,R, pref)
be a Contextualized Knowledge Base on a logical language L. Let L′ be a meta-
language on the basis of the argumentation system (L,RU , Not) (where RU is
a set of rules RU s.t. RU ⊆ R and Not is some contrariness function on L).
Let CKB′ = (K′,R′, pref ′) be a Contextualized Knowledge Base on L′, CKB′
is a meta-Contextualized Knowledge Base on the basis of CKB if K′ is a meta-
knowledge base in AS(CKB′) = (L′,R′, Not′) for some contrariness function
Not′ on L′,

The assumption on RU above is required because the set of rules may in-
crease by evaluating arguments in the contextualized knowledge base. If all the
possible arguments an agent can observe have rules in the set RU , we have the
guarantee that the meta-language L′ has a symbol r for any rule r an evaluated
argument may have. 8

The use of Meta-Contextualized Knowledge Bases will be shown with the
next definition.

Definition 45 (Anti-manipulation Dialogical Trust-based Agent). An anti-
manipulation DTA is a triple (CKB2, τctx, CKB1) where:

• CKB2 is a meta-contextualized knowledge base on the basis of CKB1

• L′, the (meta) language of CKB2, contains the binary predicates τ and
claim,

• τctx is a context function s.t. it is defined on the members of Dom(τctx) =
Formulae(CKB′),

• τctx(φ) = t iff τ(φ, t) (i.e. ”τ(φ) = t”) is S-justified in the argumentation
framework corresponding to the meta-argumentation theory AT (CKB2)
for some semantics S.

The definition above uses two contextualized knowledge bases, one of which,
CKB2, may be used to reason on the formulae at the object-level and to define
the context function τctx. Notice that while only CKB2 can modify τctx (last
bullet of definition above), this context function may be used for the evaluation
of arguments in both CKBs. This will be shown in the update rule in Definition
47 and it is an important difference with Dialogical Trust-based Agents where
the strength of the arguments at the meta-level had no specific constraints and
was independent of the trust levels.

8Notice that a similar assumption on R(CKB) may be used to improve the definition of
Dialogical Trust-based Agent given in the previous subsection.
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Definition 46 (Trust protection statement). Let (CKB2, τctx, CKB1) be an
Anti-manipulation Dialogical Trust-based agent, let φ ∈ L (defined as in Defini-
tion 44), the trust protection statement for φ w.r.t. τctx is a formula ψτφ ∈ L′
(where L′ = L(CKB2)) s.t. ψτ(φ) = τ(φ) ≤ τctx(φ) where τctx(φ) is the actual
value of the context function and τ is the predicate in L′.

Definition 47 (Update rules for anti-manipulation agents). Let ADTA =
(CKB2, τctx, CKB1) be an anti-manipulation dialogical trust-based agent, then
the agent is updated to ADTA′ = (CKB′2, τ

′
ctx, CKB

′
1) where:

• If A is an object-level argument:

– CKB′2 = eval(CKB2, claim(α,A), τctx),

– CKB′1 = eval(CKB1,A, τctx),

– τ ′ctx = τctx

• If A is a meta-level argument (i.e. not an object-level argument):

– CKB′2 = eval(CKBψ2 ,A, τctx) where:

∗ Let Formulae(A) = {φ1, ...φn}
∗ CKB0

2 = CKB2

∗ CKBi2 = eval(CKBi−12 , ψτ(φi), τctx(φi)}, τctx + ε) with i ≥ 1,
where ψτ(φi) is the trust protection statement for φi w.r.t. τctx
and ε > 0

∗ CKBψ2 = CKBn2

– CKB′1 = CKB1

– τ ′ctx is such that ADTA′ is an anti-manipulation Dialogical Trust-
Based Agent (i.e. τ ′ctx is defined as the last bullet in Definition 45).

Although properties showing the usefulness of the definitions above shall not
be formally proved 9, I will informally exemplify how the ideas in the previous
paragraphs may be interesting. For instance, if agent α from the example in the
last subsection observed the move claim(β,Aβ) where Aβ = {claim(β,A), φ ∈
Formulae(A)  τ(φ) = 1} is the example argument at the beginning of this
subsection, we could use the update rule in Definition 47: let us assume that
(CKB2, τctx, CKB1) represents the current state of α, then we would evalu-

ate Aβ by CKB′2 = eval(CKBφ2 ,Aβ , τctx). Notice now that in the resulting
meta-level argumentation theory, i.e. AT (CKB′2), the argument Aβ cannot be
justified (assuming a past history of dialogue moves as in the example in the
previous subsection) since we added corresponding trust protection statements
ψτ(φ)

10. These contradict the conclusion in Aβ and their trust levels are strictly
greater (see first set of sub-bullets in the meta-level case in Definion 47).

9Due to time constraints during the writing of this thesis
10This is true for any attempt of manipulation of this type as long as the assumptions of

screened defeat are satisfied.
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6 Argument Revision with Context

Here I will propose to extend Snaith’s Argument Revision with concepts from
contextualized revision.

In the previous sections I presented revision with context and how to for-
malize it using ASPIC+. In this section I will introduce an approach to belief
revision in argumentation, called Argument Revision and I will propose how
to extend this framework in order to include the use of properties of effective
Contextualized Argumentation Theories.

The aim of Argument Revision [Sna12] is to guarantee a certain acceptabil-
ity status of an argument in an argumentation theory. Argument Revision is
divided into two broad processes: expansion and contraction. The two guaran-
tee that arguments in some set are respectively acceptable and unacceptable in
the resulting argumentation theory. This may have strategical applications in
dialogical settings since it can be used for keeping consistency of commitment
stores and for evaluating lying in dialogues.

Snaith presents an approach to argument revision by means of insertion/removal
of formulas in a meta-argumentation theory. Since this modification can also
take place at the meta-level the insertion/removal of formulas may not trans-
late directly to adding/removing premises but to changes in the contrariness
function, the type of inference rules, the addition/removal of inference rules
and preferences on arguments. Given an argumentation theory and a set of
arguments to expand/contract in it, there are several ways this can be done
performing a sequence of operations like the ones mentioned above. Snaith
propose a cost function based on structural and acceptability changes in the
Argumentation Theory to minimize when choosing among the possible ways of
revising.

In general, the approach to argument revision in Snaith’s work is ”destruc-
tive”. If for instance we want to contract an argumentation theory by a set of
arguments S, this can happen by increasing the preference over the defeaters,
but may as well happen by means of the total removal of the arguments in
S from the argumentation theory (e.g. by removing some of the premises of
the arguments in S). If one applies Argument Revision to a Contextualized
Argumentation Theory, it may happen that some of the desiderata on it such
as the ones in Section 5 may not hold any more after an operation of expan-
sion or contraction. My aim here is to modify Snaith’s approach to Argument
Revision in order to make expansion and contraction satisfy the desiderata in
the previous sections. I propose to achieve this goal by imposing constraints on
the operations performed according to some of the (contextual) properties of
arguments.

The original description of Argument Revision in [Sna12] is not totally for-
malized and presents several flaws. In this work I will tackle some of these
aspects described further in subsubsection 6.1.5.

Summarizing, the contributions of this section are twofold: enhancing the
formalization by Snaith of Argument Revision and propose measures of impact
on the base of properties of Contextualized Argumentation Theory and ways to

45



apply these measures in argument revision and, in turn, in dialogical settings.

6.1 Preliminaries on Argument Revision

In this subsection I will introduce the inner mechanics of Argument Revision.
I will first formally introduce expansion and contraction, then I will describe
the basics of the actual process: formula addition and removal. The latter can
be used to affect rules, preferences, contrariness and strictness is performed at
the meta level. Some of the ideas behind the definitions and properties in this
subsection are presented originally in [Sna12].

6.1.1 Principles of Argument Revision

Argument revision (AR) is divided into two broad processes: contraction and
expansion. In both cases the goal relate to the acceptability of arguments in
the resulting Argumentation Theory. As in classic AGM Theory [Gär88] there
is no unique way to specify AR functions.

Definition 48 (Contraction). Given an Argumentation Theory AT = (AS,K,≤
) and a set of arguments S ⊆ Args(AS), AT −̇S is a maximal (with respect to
set inclusion) set of argumentation theories where ∀AT ′ ∈ AT −̇S it holds that

∀A ∈ S,A 6∈ E(AT ′)

We refer to AT −S as a contraction of AT by S.

Definition 49 (Expansion). Given an Argumentation Theory AT = (AS,K,≤
) and a set of arguments S ⊆ Args(AS), AT +̇S is a maximal (with respect to
set inclusion) set of argumentation theories where ∀AT ′ ∈ AT +̇S it holds that

∀A ∈ S,A ∈ E(AT ′)

. We refer to AT +
S as an expansion of AT by S.

Informally, the definitions of expansion and contraction above, describe a
set of argumentation theories such that the arguments in the revising set are
respectively justified or overruled.

If it is not necessary to know what type of argument revision we are referring
to, we use the notation AT ±S to refer to an expansion or contraction of AT by
S.

6.1.2 The process of Argument Revision

In the remainder of this subsection I will describe how to achieve the contraction
or expansion of an argumentation theory. We will loosely follow the same general
idea described in Snaith [Sna12], that is, starting from an argumentation theory
AT and in order to get AT ±S :

• define a notion of atomic change on the argumentation theory (formula
removal and formula addition, see next paragraphs),
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• describe all the possible sequence of changes by means of a change graph,
where vertices are argumentation theories and there is an arc from AT 1

to AT 2 iff there exists a formula addition/removal change that transforms
AT 1 into AT 2

11 (see next pararaphs),

• pick a path in the change graph from AT such that (i) the final vertex
of the path is an argumentation theory in the set AT ±S , and (ii) the path
satisfies certain constraints (e.g. minimality).

The process of change of an argumentation theory is based on modifications
of the underlying argumentation system and knowledge base in the theory, so to
add or remove arguments or to change their acceptability status (thus achieving
expansion or contraction).

Since we are using meta-argumentation, adding or removing arguments can
be achieved by adding and removing formulas from a meta-knowledge base.
We will see how this enables us to obtain changes in rules, preferences and
contrariness in the argumentation theory: recall that for each of these there
is a corresponding (possibly atomic) meta-argument for it in the meta-level
knowledge base.

The ultimate goal of AR is to guarantee a certain acceptability status for
arguments. But what are the possible ways changes in acceptability can occur?
Snaith identifies three:

• Adding a new argument defeater of the original argument;

• Removing an argument which acts as a defender or defeater of the original
argument;

• Revising the meta-arguments for contrariness and preference relations,
which involve the original argument.

Snaith proposes to achieve the changes above by modifying an argumenta-
tion system by adding and removing formulas, thus yielding new argumentation
theories. The general idea of the AR process is then that of a search through
the space of the possible Argumentation Theories obtainable by this set of op-
erations, the change graph.

Once described all the possible changes obtainable from the starting argu-
mentation theory, we may choose a sequence of changes that leads to one revised
argumentation theory in AT ±S . There may be several of such sequences in the
change graphs, thus in [Sna12] it is proposed to choose a shortest path with
respect to a certain measure of minimal change. In this thesis we will perform
this last step in a different fashion. We will still define a measure of impact for
each argumentation theory or for each change but with two main differences:

11Note that the formal definition of change graph in the next paragraphs will be slightly
diffent from this, since the actual vertices will be Argument Revision Bases (defined in this
subsection) and not argumentation theories. However, informally speaking, this description
and the actual definition are equivalent and share the same intuitions. Note that also the
actual definition of formula addition/removal will be on Argument Revision Bases rather
than argumentation theories.

47



• these measures will be based on properties of contextual information,
rather than on structural properties as in [Sna12],

• I will propose additional criteria than shortest paths to choose among
different paths according to their measures of impact.

6.1.3 Adding and removing formulas

Before introducing the change graph, I will formally describe the ways we can
modify an argumentation system during the AR process.

Starting from a (meta) argumentation theory AT , given a set of arguments
S, we aim at defining changes on it that would lead us to AT ′ with AT ′ ∈ AT +

S

(AT −S ). Changes on argumentation theories will be defined as changes on a
description of theirs that makes use of meta-argumentation. For this purpose
in the following paragraphs I will introduce argument revision bases on which
actual notions of atomic change will be defined: formula addition and removal.

Argumentation systems for Argument Revision are instances of object-level
argumentation systems (argumentation systems on the basis of which we assume
a meta-argumentation system AS ′) that are described by a knowledge base at
the meta-level. The way these argumentation systems are described is given
by the notion of constructive conclusion. These concepts are inspired by the
definition of meta-argumentation system in [Sna12].

Definition 50 (Constructive conclusion). Given an argumentation system AS
and a knowledge base K in AS, a formula φ ∈ L(AS) may be constructively con-
cluded in (AS,K) if there exists an argument A ∈ Args(AS) s.t. Premises(A) ⊆
K and Conc(A) = φ

Definition 51 (Argumentation system for Argument Revision). Let AS ′ be a
meta-argumentation system on the basis of AS and let K′ be a knowledge base
in AS ′. AS is an argumentation system for Argument Revision w.r.t. AS ′ and
K′:

• r ∈ R iff in(r,R(AS)) may be constructively concluded in (AS ′, K′)

• φ ∈ Not(ψ) iff in(φ,Not(ψ)) may be constructively concluded in (AS ′,
K′)

The definition above says that, in an Argumentation system for Argument
Revision, contrariness and rules are determined by the existence of an argument
at the meta-level whose conclusion represents respectively a contrariness relation
or a rule.

The actual process of Argument Revision will be defined on Argument Revi-
sion Bases. Their definition resembles the definition of argumentation theories
in [vdWD12, Sna12].

Definition 52 (Argument Revision Base). An Argumentation Revision Base
(ARB) is a tuple (AS ′,AS,K′,K) where:
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• AS is an argumentation system for argument revision w.r.t AS ′ and K′,

• K′ is a meta-knowledge base in AS ′ on the basis of K.

Given an Argument Revision Base, we define the Argumentation Theory
described by it.

Definition 53 (Argumentation theory w.r.t. an Argument Revision Base).
Let ARB = (AS ′,AS,K′,K) be an argument revision base. An argumentation
theory w.r.t. ARB, denoted with AT (ARB), is the object-level argumentation
theory based on AT ′, where AT ′ is a meta-argumentation theory w.r.t. AS ′
and K′.

Definition 54 (Formula removal function). Let ARB0 = (AS ′,AS0,K′0,K0)
be an argument revision base. Let φ ∈ L(AS ′):

ARB0 − φ = (AS ′,AS1,K′1,K1)

where:

• K′1 = K′0 \ {φ}

• AS1 is an argumentation system for argument revision w.r.t. to AS ′ and
K′1 and L(AS1) = L(AS0), and

• K1 is such that K′1 is a meta-knowledge base in AS ′ on the base of K1

What the rule above does is to remove a formula from the meta-knowledge
base in the argument revision base. The purpose of this is to modify the un-
derlying argumentation systems for argument revision AS (by changing its con-
trariness function Not(AS) or the set of rules R(AS)) or the knowledge base K
(by removing a predicate op(·) or np(·)). This is why AS1 and K1 are needed
to replace their old counterparts. Notice that the argumentation system for
argument revision AS1 is uniquely determined by AS ′,K′1,L(AS0), while the
knowledge base K1 is uniquely determined by K′1. Other types of changes for
the purpose of Argument Revision may occur too, for example changes in order-
ing. A schematic view of the possible changes with be provided in definition 57.
Notice that the result of removing a formula from an argument revision base is
an argument revision base.

Similarly, formula addition is defined as follows:

Definition 55 (Formula addition function). Let ARB0 = (AS ′,AS0,K′0,K0)
be an argument revision base. Let φ ∈ L(AS ′):

ARB0 + φ = (AS ′,AS1,K′1,K1)

where:

• K′1 = K′1,p ∪ K′1,n

– K′1,n = K′0,n
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– K′1,p = K′0,p ∪ {φ}

• AS1 is an argumentation system for argument revision w.r.t. to AS ′ and
K′1 and L(AS1) = L(AS0), and

• K1 is such that K′1 is a meta-knowledge base in AS ′ on the base of K1

For sake of notation ease, I will introduce formula removal/addition in ar-
gumentation theories. In order to do that we assume, in the remainder of this
section, that each argumentation theory AT has a corresponding argument re-
vision base ARB s.t. AT = AT (ARB). We denote this argument revision base
by ARB(AT ). This assumption is plausible since, when carrying out AR on
an argumentation theory AT , we will always deal with argumentation theories
obtained by modifications of argument revision bases.

Definition 56 (Formula removal/addition in an Argumentation Theory). Let
AT be an argumentation theory and let ARB = ARB(AT ) be its corresponding
argument revision base, then

AT − φ = AT (ARB − φ)

AT + φ = AT (ARB + φ)

I mentioned earlier in this section how one of the advantages of using meta
argumentation for AR was that it would allow us to specify a unique method
of revision. In fact, AR simply uses formula addition and removal to deal with
several types of changes. According to the type of formula we are adding or
removing we may obtain different types of changes:

Definition 57 (Types of formula change). Given an argumentation theory AT
and a formula φ, we call the operation AT − φ (AT + φ):

• premise-based Argument Revision, if φ = np(ψ) or φ = op(ψ) for some
formula ψ;

• preference-based Argument Revision, if there exists an argument A ∈
E(AT ) (E(AT + φ)) s.t. φ ∈ Prem(A) and Conc(A) = A1 �Args A2 for
some arguments A1 and A2;

• contrariness-based Argument Revision, if there exists an argument A ∈
AT (AT +φ) s.t. φ ∈ Prem(A) and Conc(A) = Not(ψ) for some formula
ψ;

• rule-based Argument Revision, if there exists an argument A ∈ AT (AT +
φ) s.t. φ ∈ Prem(A) and Conc(A) = in(r,R(AS)) for some rule r.

The taxonomy above is not provided to guide the process of Argument Revi-
sion but rather to formally describe the type of changes (in the sense of formula
addition/removal) that define a significant impact on an argumentation theory,
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that is changes that may lead to drop or gain of constructible or acceptable
arguments, as discussed in subsubsection 6.1.2.

These definitions suggest how we can use addition/removal of formula on
an argumentation theory to obtain changes that involve not only premises, but
also rules, contrariness and preferences. Premises and rules determine which
arguments are constructible, contrariness determines attack and preferences
determine defeat among conflicting arguments. Notice that the structure of
the types of changes above differs: premise-based AR depends only on the re-
moval/addition of a particular type of formula (i.e. a formula describing the
object-level knowledge base), preference-based AR depends on the drop/gain in
acceptability of arguments with a certain type of conclusion (i.e. a conclusion on
argument ordering), contrariness and rule-based AR depend on the mere exis-
tence of arguments with a certain type of conclusion (i.e. a conclusion describing
respectively contraries and rules in the object level argumentation system). The
limitations and the rationale of these definitions will be discussed further in the
discussion at the end of this subsection.

6.1.4 Change graphs and minimal impact

The two functions for formula addition and removal above are used to model
expansion and contraction of Argumentation Theories by a structure called
change graph.

The revision of an Argumentation Theory is carried out by modifying knowl-
edge bases in the argumentation systems within the theory, with modifications
continuing to take place untile the properties of the chosen revision (i.e. revi-
sion or contraction) are satisfied. One such sequence of modifications can be
seen as a path from the initial Argumentation Theory to another that has been
revised with respect to the set of arguments in input. A change graph models
the possible ways we can either expand or contract an argumentation theory.

Definition 58 (Difference set between argumentation theories). Let AT 1,AT 2

be argumentation theories, let ARB1 = ARB(AT 1), ARB2 = ARB(AT 2), then
the difference set between AT 1 and AT 2 is given by

AT 1∆AT 2 = K′(ARB1)∆K′(ARB2)

where ∆ on the right-hand side is the symmetric difference between sets.

Definition 59 (Change graph). A change graph CG(AT ,Π′) for the revision
of AT to a set of argumentation theories Π′ = {AT ±S,1, ...,AT

±
S,n} is a directed

acyclic graph (Υ,Ω) where:

• Υ ⊆ Π (where Π is the set of all possible argumentation theories),

• (Atomic change) Ω ⊆ Υ × Υ where ∀ω ∈ Ω such that ω = (AT ′,AT ′′),
we have that |AT ′′∆AT ′| = ±1,

• Π′ ⊆ Υ is such that ∀AT ′ ∈ Π′, @AT ′′ ∈ Π′,AT ∆AT ′′ ⊂ AT ∆AT ′.
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The second bullet defines the arcs of the graph as the ones between ar-
gumentation theories such that one is obtained as the result of formula addi-
tion/removal from the other and this results in a change in the correspond-
ing meta-knowledge base; however, this constraint is not expressed merely as
”AT ′′ = AT ′ ± φ for some φ” because what we are actually aiming for is a
stronger property: that the formula addition/removal leads to a different ar-
gumentation theory. In fact, if the constraint were not expressed as in the
definition but as above, there could exist an arc from an argumentation theory
AT ′ to itself since AT ′ = AT ′ − φ, ∀φ 6∈ K′(ARB(AT ′)).

The third bullet rules out from the set of the vertices any of the argumenta-
tion theories in Π′ (the set of target revised argumentation theories) for which
there exists another revised argumentation theory which is ”less distant” from
the starting one (AT ). This constraint is mostly for pruning purposes.

One of the aims of Argument Revision is to provide a way to choose a
revised argumentation theory that has the least impact among the possible ones
(this is close to the concept of entrenchment in AGM). Once we have defined
the ways we can modify argumentation theories as paths in a graph we can
define impact as weights on the edges of the change graph. Snaith [Sna12]
provides a definition of impact that takes into account structural properties of
arguments. These measures of impact (of which I will not provide a formal
definition) are: argument gain, argument loss (which constructable arguments
have been gained/lost), acceptability gain, acceptability loss (which acceptable
arguments have been gained/lost). In [Sna12] a revised Argumentation Theory
has undergone minimal impact if the sum of the measures above on the change
graph path is minimal. We will not use any of these measures in this work
and in the remainder of this section we will follow a different approach. In
the next subsections I will describe measures of minimal impact that define
an entrenchment based on context values. Before then, I will provide a short
discussion of some of the changes in the original work by Snaith.

6.1.5 Limitations of Snaith’s meta-argumentation approach to Ar-
gument Revision

The framework presented above is based on the original work by Snaith in
[Sna12]. In the next paragraphs I will outline some of the differences of my
approach with the original presentation of Argument Revision and some of the
current limitations in both formalizations.

One of the main differences in the definition of Argument Revision is in
the assumed framework of meta-argumentation. Snaith proposes a variant of
the definition of meta-argumentation system provided in [vdWD12] where con-
trariness, preferences and rules in the argumentation system at the object level
depend on the existence of an argument at the meta-level (similarly to the ap-
proach to contrariness and rules in the current thesis) and preferences over argu-
ments is not expressed by the introduction of a predicate �Args at the meta-level
but rather by atomic formulae (I will explain below why such a thing represents
a limitation). Snaith also makes use of towers of argumentation of arbitrary size
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[vdWD12]. On the other hand, my approach relies on the meta-argumentation
framework presented in [vdW11]. I restrict my attention to towers of argumen-
tation systems of size 2, since these show to be sufficiently powerful for most of
the applications this thesis is concerned with. Ordering on arguments is here
expressed as a predicate at the meta-level and axioms for ensuring admissible
orderings are provided in the meta-knowledge bases. The fact that these axioms
are not present in Snaith’s definitions makes it unclear to see how admissible
orderings can be achieved. In fact, in his thesis it seems to be suggested that
only argumentation theories which, out of the revision process, show admissi-
ble orderings would be considered in the change graph. However, even if this
were the case, it would lead to an explosion in the size of the change graph be-
cause of the presence of many argumentation theories with ill-defined orderings.
Thus ensuring an admissible ordering would be a significant enhancement; this
is achieved in the current thesis: in my formalization of argumentation revision
I use object level argumentation theories in the sense of Definition 41 where
the ordering is derived from the justified conclusions at the meta-level and it is
ensured to be admissible because of the axioms in the meta-knowledge bases.

Also, in the current work, this ordering comes from the argumentation se-
mantics (at the meta-level) and does not depend merely on the existence of
arguments whose conclusion express preferences (over rules, premises or argu-
ments). This allows to solve some limitations in the original formalization of
Argument Revision; since these limitations are still present in this thesis for
rules and contrariness, I will clarify them using rules as an example: consider
Definition 51 (Argumentation system for argument revision), if AS is an ar-
gumentation system for argument revision, then r is a rule in R(AS) iff there
exists an argument at the meta-level having φr = in(r,R(AS)) as a conclu-
sion. Let us now assume that the arguments A1 and A2 are constructible at
the meta-level with A1 = ({ψ,ψ  φr}, φr) and A2 = ¬φr. Given these two
arguments, we satisfy the requirements of Definition 51 and thus r ∈ R(AS).
However, if A2 defeated A1 in the meta-level argumentation theory, it would
still be the case that r ∈ R(AS) despite φr being overruled (at least this is the
case if no other argument can reinstante it). This is counterintuitive because
it implies that defeat and argument semantics play no role for argument revi-
sion. In the formalization I propose in this thesis, this problem is solved for
argument ordering, but my definitions still make use of constructive conclusions
(see Definition 50) for rules and contrariness. Future work should address such
an issue. One possible way to tackle this limitation would be to change the
definition of argumentation systems for argument revision bases so that rules
and contrariness relations depend on justified conclusions at the meta-level.

The definition of change graphs has also undergone modifications from its
original formalization since it is now based on Argument Revision Bases — this
notion is not present in Snaith’s work.

Formula removal and addition have been made a bit more precise and at the
same time simplified: now they do not require to operate at different meta-levels
of knowledge bases, whereas in [Sna12] this occurred even in the case of towers
of meta-argumentation systems of size 2.
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One final enhancement in the formalization in this thesis in comparison to
that in [Sna12] is that the process of argument revision has been made a bit more
precise by introducing a formal definition of type of changes and by explicitely
stating the use of the semantics of meta-argumentation. In [Sna12] Extended
Argumentation Frameworks [Mod09] seem to have been proposed for this pur-
pose but the way they are used in the Argument Revision framework is not
formalized nor clear. In this work, the definition of object-level argumentation
theory (see Definition 41) [vdW11] makes explicit how meta-level and object-
level are connected by argumentation semantics. In turn this solves another
issue in Snaith’s work: in fact in [Sna12] the definition of argument expansion
and contraction require explicitly that the revised argumentation theory is well-
formed [Pra10]. As shown in [vdW11] Definition 41 ensures that the resulting
argumentation theories are well-formed and it is not necessary to include this
constraint in the definition of argument revision.

6.2 Differences between Argument Revision and Contex-
tualized Revision and its properties

The following is a short discussion of the differences between Argument Revision
and Contextualized Revision with the three desired properties of effective Con-
textualized Revision (namely Total Memory, Consistency with external ordering
and Screened Defeat).

Despite the existence of several differences between Argument Revision and
Contextualized Revision, there are also important similarities: both aim at
establishing logical properties of arguments and both modify elements of argu-
ments to do that, they are both inspired by Belief Revision.

6.2.1 Goals

First, let us recall again what are the main general goals of Argumentation Revi-
sion and Contextualized Argumentation Theories. Argument Revision is about
accepting/unaccepting arguments and it does this by means of changing other
arguments in the Knowledge Base. Contextualized revision, on the other hand,
injects into an Argumentation Theory parameters on arguments. These param-
eters are external to the Argumentation Theory itself and are used to enable
arguments with certain properties to be able to defeat others (Consistency with
context ordering) and not to be defeated by others (Screened defeat). More-
over, no argument in the Knowledge Base is removed to ensure these properties
(Total memory property).

Expanding an Argumentation Theory with a set of arguments can guarantee
those arguments are acceptable whereas revising in a Contextualized Argumen-
tation Theory does not guarantee that, even if an argument has the maximum
context value in the CAT. On the other hand when extending the Knowledge
Base nothing guarantees that arguments made acceptable by expansion keep
being acceptable, whereas this can be assured to some extent in Contextualized
Argumentation Theories (namely when no revision with argument with higher
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context occurs). Also, in Contextualized Revision strong (context-wise) argu-
ments can be enabled to defeat weaker ones that may threaten them in the
future. Conversely, Argument Revision does not allow anything like that.

Summarizing, Argument Revision can guarantee the acceptability or over-
ruling of arguments, whereas Contextualized Revision does not. Also, Contex-
tualized Revision can tell us something about the future of the interactions with
other arguments whereas Argument Revision can deal only with the present: ar-
guments are made acceptable immediately and without concern for the future.

6.2.2 Approach

Another important difference is in the way the two types of revision achieve
their goals. In Argument Revision an Argumentation Theory is modified by
adding and removing structural parts of arguments themselves so that the set of
arguments we expand with becomes acceptable. In Contextualized Revision12

we only change preferences in the underlying argumentation system, without
changing other parts. In this sense Argument Revision has a more general type
of change than Contextualized Revision.

Another important difference however is how changes are directed: in Con-
textualized Revision (by Contextualized Knowledge Bases) there is a single set
of changes in preferences that has to be carried out to achieve desired Properties
on CATs. Also, these changes strictly depend on the context of the argumen-
tation theory. In Argument Revision they are not deterministic: the result,
whether it be expansion or contraction, can be achieved with different sets of
changes and the only criteria to choose them is minimal change as discussed in
Section 6.1.

6.2.3 What Contextualized Revision can do for Argument Revision

Part of the rationale behind the definition of minimal change in Argument Revi-
sion is to provide a way to determine an entrenchment of arguments based only
on acceptability criteria without any predetermined entrenchment. In settings
where forms of preferences and entrenchment are available however, Argument
revision may still be used and these preferences may guide the processes of ex-
pansion and contraction. Contexts are additional information on arguments, as
such they can be used to define a notion of minimal change.

In the remainder of this section I will extend AR on Contextualized Argu-
mentation Theories and present concepts of minimal change based on properties
of effective CATs.

6.3 Guiding Argumentation Revision with CATs

The following is an extension of Argument Revision to Contextualized Argu-
mentation Theory:

12here I am referring to the instantiation of CAT presented in this work by means of CKBs
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Definition 60 (Expansion for Contextualized Argumentation Theories). Given
a Contextualized Argumentation Theory CAT = (CtxA,AT ) and a set of ar-
guments S the expansion of CAT by S is a new Contextualized Argumentation
Theory CAT ′ = CAT +̇S = (CtxA,AT ′) where AT ′ ∈ AT +̇S.

Contraction may be defined in a similar way.
If, in the definition above, the Contextualized Argumentation Theory is ef-

fective, the process of expansion or contraction may make it not be effective
anymore. Or there can be other changes that may make the resulting argumen-
tation theory less desirable with respect to the context values. From this we
may define a measure of the impact of the changes.

There are two main ways this can happen. Preference-based revision (see
Definition 57) may cause preferences to change; this may happen in ways that
violate the properties of effective CATs. The other types of formulae addi-
tion/removal in Definition 57 cannot violate properties of CATs. However, they
may also remove trustworthy arguments/formulas.

Therefore, if we are expanding/contracting a Contextualized Argumentation
Theory we may end up ”harming” a CAT in two ways:

• violated Screened Defeats and Consistency with Ordering

• removal of trusted arguments/formulas

The first case occurs whenever the resulting Argumentation Theory has pref-
erences between arguments that ensure that properties of effective CATs hold
(see Definition 32) and these are changed by prefererence-based revision. The
second case occurs whenever a trusted formula is removed by premise or rule-
based revision.

I propose that the observations above are used to define functions that in
turn will be used to guide the Argument Revision process. Thus I will now
introduce related cost functions and then I will describe two approaches to
define minimal impact by them.

Cost functions

The cost functions in this part will be defined combining several cases of ”un-
desired” consequences in Contextualized Argumentation Theories. Recall that
an Argumentation Revision process works by iteratively applying cahnges to
an argumentation theory thus obtaining a change graph, where modified ar-
gumentation theories are nodes in the graphs. In the original work by Snaith
[Sna12] minimal impact is defined by providing each edge in the change graph
with a weight, thus reducing the problem to finding a minimum path in the
change graph. In the following paragraphs I will describe how to apply the cost
functions defined in this subsubsection; the approach taken in this thesis will
be different from Snaith’s minimum paths.

In the previous paragraphs we saw that Contextualized Argumentation The-
ories can be impacted by changes in preferences during the revision process.
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Thus, one parameter to look at is how many of these changes occur. This
justifies the following definition:

V iolationsSD(τA,AT ) = {(A1, A2) : A1 ≺ A2e ∈ K′, τA(A2) < τA(A1)}

where K′ is the meta-level knowledge base in ARB(AT ) (see Definition 52).
The set above represents the pairs of arguments where A1 has a relative

strength higher than A2 despite TA(A1) < TA(A2), that is those pairs of ar-
guments that violate the property of Screened Defeat in the Contextualized
Argumentation Theory.

Another case is when trustworthy arguments get ”weakened” because the
changes during the Argumentation Revision process may remove their prefer-
ences over less trustworthy arguments. This justifies the following definition:

V iolationsCTO(τA,AT ) = {(A1, A2) : A1, A2 ∈ Args(AS), τA(A2) ≤ τA(A1)∧A1 � A2 6∈ K′}

where K′ is defined as above and AS is thhe object-level argumentation system
in ARB(AT ).

These two functions above return set of pairs of arguments, we may use them
to define a cost measure for an argumentation theory by the following:

Vv(τA,AT ,AT ′) = |V iolationsSD(τA,AT )|+ |V iolationsCTO(τA,AT )|

I will now propose another function, Vctx to measure the impact of expansion
or contraction which is deafined on pairs of argumentation theories (AT ,AT ′),
thus giving a form of distance between argumentation theories. This new cost
function is specific to trust as a context for it makes assumptions on the bounds
of the context, however it can be generalized to any other bounded context
function. This function Vctx uses context levels of specific formulas: let us
assume that we are carrying out a removal of a formula φ in an argumentation
theory AT . Let us also assume that we have a context value τ(φ) associated
with the formula. If we remove the formula φ we are giving away information
that may be trustworthy. At the same time if we carry out a change that
introduce at new formula φ, the change may be less advantageous if φ is not
very trustworthy. The function Vctx expresses these intuitions:

Vctx(τA,AT AT ′) =
∑

A∈DA(AT ,AT ′)

τA(A) +
∑

A∈DA(AT ′,AT )

(1− τA(A))

where DA returns the differences in arguments between the two argumentation
theories: DA(AT ,AT ′) = E(AT ) \ Args(AT ′). Intuitively we sum the trust-
worthiness of the lost arguments and the non-trustworthiness of the arguments
we acquired. The function above may be considered a weighted version of the
argument drop function in [Sna12].

These two functions define a cost vector CV (AT ,AT ′) = (Vv, Vctx).
The following example is adapted from [Sna12] and shows the use of these

functions.
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Example 3. Let us consider a Contextualized Argumentation Theory CAT .
For sake of concreteness let us assume that CAT = CAT (CKB), where CKB
is the Contextualized Knowledge Base below (CKB may have been obtained by
repeatedly evaluating formulae in an empty CKB as in Example 1):

• K(CKB) = {a1, a2, b1, b2, c1}

• R(CKB) = {r1 : (a1, a2  a), r2 : (a1  x), r3 : (a2  y), r4 : (b1, b2  
b), r5 : (c1  c)}

We also have that a2 ∈ b̄1 and b ∈ c̄ and the context is given by τ = {(a1, .2), (a2, .6), (c1, .4),
(b1, .6), (b2, .2), (r1, .6), (r2, .5), (r3, .9), (r4, .8), (r5, .8)}

The arguments with their contexts (assuming τmin) in Args(CAT ) are:

• A1 : a1, τA(A1) = .2

• A2 : a2, τA(A2) = .5

• A3 : b1, τA(A3) = .6

• A4 : b2, τA(A4) = .2

• A5 : c1, τA(A5) = .4

• A6 : A1,A2  a, τA(A6) = .2

• A7 : A1  x, τA(A7) = .2

• A8 : A2  y, τA(A8) = .6

• A9 : A3,A4  b, τA(A9) = .2

• A10 : A5  c, τA(A10) = .4

Assume that we wish to achieve CAT −̇{A6, A10} using only premise-based
revision, that is we ignore, for the time being, preferences on arguments and
formula revision on them.

Let us consider the removal of the premises of A5, a1 and a2, the dropped
arguments (∆A) and the values of Vctx are shown in the table below:

φ ∆A Vctx
a1 {A1,A6,A7} .6
a2 {A2,A6,A8} 1.3

Let us now consider preference-based revision. Notice that given their context
values — and the consequent values in pref(CKB) — it holds that A9 ≺ A10.
However, consider the argumentation theory AT ′ obtained by removing the for-
mula b2 <K c1 and adding b2 >K c1 Let φ1 = b2 <K c1 and φ2 = b2 >K c1, we
have:

V iolationsSD(AT − φ1 + φ2) = {A4 ≺ A5,A9 ≺ A10}
V iolationsCTO(AT − φ1 + φ2) = {(A4,A5), (A9,A10)}

We can see that Vv(AT ,AT − φ1 + φ2) = 4
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In the following I will describe how the cost functions above can be used to
reduce impact on AR in Contextualized Argumentation Theories.

6.4 Limiting impact with context

In his work [Sna12] Snaith proposes minimal change, as inspired by traditional
AGM Theory, as a way to guide the argument revision process. His concern is
with a measure of minimal change that would take into account only structural
and acceptability properties of arguments. One of the assumptions of this work
is that external preferences are available from the agents’ setting and that they
should be used as a form of entrenchment for arguments and should be used to
guide agents’ reasoning with argumentation; thus in the following paragraphs I
will describe how context can be used to limit impact during Argument Revision.
Once again, the discussion will focus on trust as a context, but this choice is
mostly for sake of concreteness and the same observations can be applied to
other settings. I describe two different approaches: thresholds and budgeting.
Thresholds are simple way to constrain the types of possible changes (i.e. which
formulae we may add or remove) to go from AT to AT ±S . Budgeting uses the
functions defined in the previous subsection to limit the total cost of a change
from AT to AT ±S . Thus, thresholds limit impact by looking at local changes
(edges in the change graph) whereas budgeting consider global changes (paths
in the change graphs).

6.4.1 Thresholds

As we saw in Subsection 6.3, information with high preferences can be lost
during the Argumentation Revision process. This is due to the fact that removal
of formulae does not discriminate between more and less trustworthy ones. An
approach to reduce loss of trustworthy information when removing formulas is
the use of thresholds. These thresholds can be used to protect trustworthy
arguments from being ruled out from the Argumentation Theory identifying
a basic level of trust above which a formula should not be removed from the
Argumentation Theory. On the other hand, in the setting of formula addition,
thresholds can be used to guarantee that only arguments that are trustworthy
enough enter the Argumentation Theory.

A threshold can be defined by any bound on the context values.

Definition 61 (Thresholds for argument revision). Let t ∈ [0, 1], τ a context
function and (τA,AT ) a Contextualized Argumentation Theory (where τA =
T (τ) for some transformer T ) we say that an argumentation revision process:

• t-forbids formula addition if for any change AT + φ it must hold that:

– τ(ψ) ≥ t when AT + φ is a premise-based AR change (where ψ is
defined as in the first bullet of Definition 57);

– τ(r) ≥ t when AT +φ is a rule-based AR change (where ψ is defined
as in the fourth bullet of Definition 57);
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• t-forbids formula removal if for any change AT − φ it must hold that:

– τ(ψ) < t when AT − φ is a premise-based AR change (where ψ is
defined as in the first bullet of Definition 57);

– τ(r) < t when AT −φ is a rule-based AR change (where ψ is defined
as in the fourth bullet of Definition 57).

The definition above induces a subgraph of the change graph where all the
edges respect the conditions above.

There are two issues that arise by the use of thresholds. First, fixed a certain
threshold, it is not guaranteed if it is possible to reach a desired expansion or
contraction given that threshold. Second, it would be useful to be able to
measure the impact of a certain threshold, thus evaluating its ”quality”, e.g.
how much advantage an agent obtains from the information it is protected from.

One shortcoming of thresholds is that they impose a sharp separation be-
tween ”good” and ”bad” information. This emerging separation may be hard
to tune or estimate and it may create a systematic bias in agents that would
rule out always the same type of information; in some settings this may not be
desirable, e.g. with trust, where this would lead to excluding always the same
sources. The next approach, budgeting, partly solves these problems.

6.4.2 Budgeting

In this section I will describe how to use budgeting to guide the argument revision
process with context. Budgeting is a technique described in [PSM12] to deal
with Trust in argumentation theories. The basic idea is to allow a certain
amount of total trustworthiness to invest during the process of change. The
original idea by Parsons et al. is used in a different setting13 and is here adapted
for our purposes.

Each agent has a certain budget B = (Bv, Bctx) which represents a pair of
values. Informally this pair of values is an upper bound of the cost vector CV
defined previously. We will use the notion of Pareto domination [SLB09].

If we have an Argumentation TheoryAT to which we are applying Argument
Revision, let AT ′ be the resulting Argumentation Theory resulting from the
adding or removal of formulas. We consider AT ′ to be in budget if B Pareto-
dominates the cost vector CV :

Definition 62 (Budgeting for argument revision). Let (τA,AT ) be a Con-
textualized Argumentation Theory, AT ′ ∈ AT ±S , B = (Bv, Bctx) be a budget,
CV = CV (τA,AT ,AT ′) we say that AT ′ is a revision in budget B for AT if
it holds that

Bv ≥ CVv ∧Bctx ≥ CVctx ∧ (Bv > CVv ∨Bctx > CVctx)

13In [PSM12] budgeting is applied during reasoning with arguments that have trust infor-
mation rather than to modifications of Argumentation Theories
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To some extent this approach is an extension of thresholds; an important dif-
ference is that trust threshold rules out information from agents below a certain
level, whereas budgeting is more flexible. One example where this approach may
be useful is when that may be worth including or not excluding (respectively if
we consider formula addition and removal) are close to a certain threshold level.

When discussing thresholds in the previous paragraphs I observed how it
can be hard to know in advance useful thresholding values or how to tune these
values; budgeting presents similar problems. Another limitation of budgeting
is that it may be not suitable for all types of metalogical information. Some
context functions may not provide much information when accumulated or bud-
geted, for example because they have no upper bound. One such example is the
freshness context function seen in preliminary sections.

In general, how well-behaved the notion of budgeting is in settings of argu-
mentative or trusted agents is still subject of research [PSM12, DHM+11].

6.5 Applications

In [Sna12] Snaith presents possible applications of argument revision for strate-
gical formula retraction and lying in dialogues. In the next paragraphs I will
discuss how the extensions to AR described in Subsection 6.3 may improve the
strategical capabilities of agents in these dialogical settings.

In argumentation dialogues, it is common to speak of agents incurring com-
mitments to their assertions [MP09]. The various commitments of the partic-
ipants are usually tracked in a publicly-readable database, called a commit-
ment store. For example, after an agent claims the arguments ({φ}, φ) and
({ψ,ψ  φ}, φ), its commitment store may be CS = {φ, ψ, dψ  φe}. In cer-
tain dialogues, an agent may be forced to retract an assertion if the latter cannot
be defended against a counter-argument from its opponent. If we assume that
a commitment store is closed, however, retracting the statement alone may be
insufficient. In fact, they may still hold commitments to other statements from
which the retracted one is a consequence (notice for example how removing φ
would be insufficient in the commitment store above to retract φ). Walton and
Krabbe [WK95] term the process of ensuring that a retracted statement can
no longer be inferred in a commitment store a stability adjustment, and illus-
trate one possible method to achieve it. One limitation in their approach is
that they do not explain how to choose between possible adjustments. Stability
adjustments can be modelled by Argument Revision (we can contract by the
arguments having the formula to retract as a conclusion) and by using the min-
imal impact functions in [Sna12] on the different revisions we have a method to
choose among the possible adjustments.

Lying is the process of uttering a statement believed to be false [SCH10].
There are several reasons an agent may lie during a dialogue [Sna12], the scenario
I will focus on in this discussion is when an agent lies because it possesses
no acceptable argument that defeats a previous argument from its opponent.
Snaith [Sna12] proposes to use argument revision to model lies: through uttering
a lie, the speaker must in effect, for the purposes of the dialogue at hand, update
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its beliefs to accommodate it, otherwise it risks being exposed. Hence making
up a lie can be seen as a process of Argument Revision. Moreover, we can use
definitions of minimal impact to define a lie which is as small as possible14.

Above I explained how Argument Revision may enable agents to choose
which retraction to carry out or which lie to utter. Besides, Argument Revision
may provide tools to strategical agents to choose between honestly retracting or
dishonestly claiming something they do not believe as an alternative. Consider
for example the case of an agent that cannot defend a counterargument from
an adversary; if not necessarily honest the agent may want to go for covering
its argument with a lie rather than retracting it, to the agent, if that is the
best course of action. The ”best course of action” can be decided by looking at
the minimal impact in the argumentation theory. In [Sna12] impact is defined
as a measure of the structural and acceptability changes on the argumentation
theory (how many arguments have been dropped after the change, how many
of these were acceptable...). The extensions of Argument Revision presented in
Subsection 6.3 allow to consider impact of retraction and lying based on meta-
logical information. Moreover, the techniques presented in the last subsection
allow agents to have more sophisticated strategies, since they are may be pro-
vided with reference parameters to use in their choices (respectively thresholds
and budgets).

Consider an agent carrying out a dialogue and having a trust context function
on the information it reasons with. The agent has just been asked to make its
commitment store consistent. We may assume its strategy does not demand
full honesty, thus the agent contemplates the possibility of lying rather than
retracting. However, in either choice it may want to have available trustworthy
arguments: if it is honest this will allow it to make a more cogent case 15;
if it decides to lie it would still want to to have available highly trustworthy
arguments, so that the agent can limit the use of lying in the future (spotting
a lie has been examined as a research topic in the past [PS06]).

One possible way the agent can carry out this choice is by imposing a thresh-
old t and t-forbid formulas removal of agents during the revision for retraction.
If such a revision were possible that would allow the agent to retract without
sacrificing any argument with a trust level below t. If this were not the case
the agent may fall back on lying. Alternatively, it may use a budget B on the
revision for retraction and try to limit the trust levels and the violations of
properties of effective Contextualized Argumentation Theories in the process,
the agent might rely on these properties as part of his strategies. These two
potential scenarios describe how thresholds and budgeting may be used to se-
lect the best course of action between retracting and lying, but notice that the
agent may also refine the process by which it chooses a lie to utter by imposing
thresholds or budgets on the corresponding revision process.

14Keeping small lies has been proposed in the logical account of lying in [SCH10] according
to which small lies are easier to maintain.

15I assume that, in this specific scenario, a high trust level of an argument is a plausible
heuristic for estimating its potential cogency.
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6.6 Summary and Contributions to AR

In this section I described Snaith’s Argument Revision and compared it to Con-
textualized Revision, presenting a formalism that connected the two. Con-
textualized revision is focused on propagating metalogical information during
reasoning, whereas Argument Revision has the goal of modifying Argumenta-
tion Theories to ensure acceptability (or inacceptability) of arguments. In the
original approach by Snaith, Argument Revision, as a process for modifying
argumentation theories, is guided by notions of minimal change. These notions,
inspired by traditional AGM, are formalized by looking at structural and seman-
tic changes in the resulting Argumentation Theories (gain/loss of arguments and
gain/loss of acceptable arguments). In certain settings however agents may ben-
efit from using contextual values of information for Argument Revision. The
techniques presented here may be used to define strategic policies in dialogues,
for example employing commitment retraction policies and lying.

This section also contained several contributions to the original definition
of Argument Revision. I introduced a two-level variant of the definition of
meta-argumentation system in [Sna12] basing it on [vdW11] , resolving some
issues unclarified in the original work by Snaith — such as the transitivity of
the predicate � at the meta-level. I also made more precise the definition of
extensions used to define argument expansion and contraction by proposing to
use argumentation theories based on meta-argumentation in [vdW11]. I for-
malized the types of changes in an argumentation theory (premise, rule, pref-
erence and contrariness-based argument revision), presented only informally in
[Sna12]. Differently from the original work in [Sna12], I propose a definition of
expansion and contraction that ensures that the resulting argumentation the-
ories are well-formed (these properties are ensured as a consequences of using
the meta-argumentation approach in [vdW11]) and that enables the ordering
at the resulting object level argumentation theory to be determined by justified
conclusions at the meta-level. The latter point represents a significant enhance-
ment to the original definition of Argument Revision since in [Sna12] orderings
are not guaranteed to be admissible and are determined only by the existence
of arguments in the argumentation theory (similarly to current contrariness and
rule-based changes) rather than by argumentation semantics.

7 Conclusions

7.1 Summary

In this thesis I proposed an abstract operator for updating argumentation the-
ories with arguments with contextual information (contextualized revision). I
discussed desirable properties for arguments with context in an argumentation
theory and formalized these properties in a framework that combines an AS-
PIC+ argumentation theory with contextual knowledge: Contextualized Argu-
mentation Theories. I presented an abstract operator of contextualized revision
where revising the system with an argument together with a context value makes
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the following invariants hold:

• arguments are protected from others with lower context;

• arguments are enabled to defeat others with lower context;

• enabling an agent to recall all the arguments he acquired;

Then I presented Contextualized Knowledge Bases, a simple system to update
ASPIC+ argumentation systems and knowledge bases. I proved that, under
certain circumstances, Contextualized knowledge bases allow to specify Contex-
tualized Argumentation Theories with the properties above, i.e. effective Con-
textualized Argumentation Theories. I described plausible ways we can build
context values on arguments upon context values on their specific elements, i.e.
formulae. I generalized these notions by operators called context transformers.

I showed how Contextualized Argumentation Theories can be used in dialog-
ical settings and exemplified a meta-argumentation theory to express changes
on context itself.

I showed how the properties of Contextualized Argumentation Theories can
be used for other approaches to Belief Revision and Argumentation, in par-
ticular I proposed a new form of minimal change measures based on contexts
in Argument Revision employing techniques from literature on Argumentation
and Trust [PSM12]. These ideas use an enhanced formalization of the Argument
Revision framework originally described in [Sna12].

7.2 Answers to the Research Questions

In the following paragraphs I answer the Research Questions of Subsection 1.3.

RQ 1: How can we define an abstract formal system for properties

of dynamics of arguments with contextual information?

RQ 1.a: What is the formal definition of a system able to express

arguments, contextual properties and constraints on these?

In Section 3 I defined Contextualized Argumentation Theories as pairs of
a context function and Argumentation Theories. A context function expresses
metalogical information on arguments. We are able to express connections be-
tween metalogical and logical properties of arguments by defining properties on
arguments in a Contextualized Argumentation Theory.

RQ 1.b: What is the formal definition of an abstract operator

for describing the acquisition of arguments with a

certain context?

In Section 3 I defined an abstract operator ⊗ for contextualized revision that
takes a context value and an argument and revise a Contextualized Argumen-
tation with that argument and context. Dynamic properties of Contextualized
Argumentation Theories can be expressed as properties of the abstract operator.
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RQ 1.c: What general properties should we require for the

arguments in the system?

Always in Section 3, I proposed two simple properties that respectively en-
able arguments with a strong context to defeat arguments with lower context
and arguments to be protected from defeat from weaker arguments. A third
property was proposed that guarantees that the properties above hold without
arguments being removed from the argumentation theory so that agents may
always make use of arguments they acquired in the past. These properties make
no assumption on the underlying metalogical information.

RQ 1.d: How can we formally describe these properties in the

system?

The properties above were formalized as properties on arguments in a Con-
textualized Argumentation Theory and as invariants of the operator ⊗ (see
Subsection 3.3). I defined effective Contextualized Argumentation Theories as
those respecting these properties.

RQ 2: How can we define context on arguments?

This question was answered using specific aspects of ASPIC+.

RQ 2.a: On which elements of arguments can we assume

context is defined?

In Subsection 3.4 I observed how metalogical information may be aggregated
from the structure of arguments in ASPIC+, in particular I used premises and
rules in arguments (that I generically call formulae). I proposed that we assume
context on these elements and use it to build context on arguments by means
of tranformers (see RQ 2.b). This assumption (which is also used in [PTS+11])
was inspired from the fact that several dialogue protocols allow utterances of
formulae [Pra06].

RQ 2.b: What functions to use to aggregate context of arguments

from different elements that are general with respect

to the nature of the metalogical information?

I proposed two types of context transformers (see Section 3.4), Tmin and Thom
for aggregating contexts on formulae. These operators combine contextual in-
formation following the structure of ASPIC+ arguments, that is they allow to
define a context that is compatible with admissible orderings (see Section 4).
These simple transformers makes no assumption of the nature of the context
and capture the intuitions respectively for which arguments should be assigned
the possible lowest context and arguments having subarguments with similar
contexts may assume the context of their subarguments.
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RQ 3: How can we define a way to modify an agent’s knowledge base

and an argumentation system so that the properties described

in the abstract system of RQ 1 are respected?

In Section 4 I described Contextualized Knowledge Bases and their update op-
erator eval. I used the latter — based on a simple way to manipulate the pref-
erences of premises and rules in ASPIC+ argumentation systems — to obtain
effective Contextualized Argumentation Theories under certain assumptions de-
pending on the type of arguments involved (strict or defeasible) and the trans-
former used. These formal results offer an analysys of update of argumentation
systems and its effect on argumentation theories in ASPIC+.

RQ 4: Can this system be used in realistic settings of agent

interaction?

RQ 4.a: Can this system be concretely used in dialogues?

RQ 4.b: Can the system model changes in the context values

due to revision itself?

In Section 5 I described how to combine Contextualized Knowledge Bases and
the meta-argumentation approach in [vdW11] for observing dialogue moves. I
showed how this allows to use contextualized revision to reason during dialogue
settings when the context depends on the acquired arguments themselves.

RQ 4.c: Are the properties defined in RQ 1 flexible enough

to formalize and implement useful properties in

dialogues or other agent settings?

In Subsection 5.4 I described an enhancement formalization of Dialogical
Trust-based Agents where agents could be protected from naive manipulations
of trust-levels.

In Section 6 I described an enhancement of the original framework of Ar-
gument Revision in [Sna12] and showed how the properties of effective Contex-
tualized Argumentation Theories can be used to define minimal impact during
the Argument Revision process. I suggested that this may help defining domain
specific entrenchment and thus make Argumentation Revision more effective in
some of the settings described in [Sna12], such as commitment retraction and
lying.

7.3 Discussion and future work

Multi-Context Argumentation Theories and integration with other
preferences

The Contextualized Argumentation Theories presented in this work allow an
argumentation theory to be revised with only one context function. Thus an
agent reasoning with the corresponding argumentation theory is dealing with
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only one type of meta-logical information at a time. In realistic settings agents
may need to consider arguments that have more than one type of contextual
information at the same time [Pag04]. Therefore contextualized argumentation
theories with more than one context should be explored. Technically, one po-
tential way to define them without significant changes to the existing system
would be the following: given n context functions on formulae Ctx1, ...Ctxn

and the respective context functions on arguments Ctx1A, ...Ctx
n
A we can build

an aggregate context on formulae Ctx′ and on arguments Ctx′A as respectively
a combination of all the Ctxi and CtxiA. Now we can define a new Contex-
tualized Argumentation Theory (Ctx′A,AT ). An important desirable property
would be that if the CATs (Ctx1A,AT ), ...(CtxnA,AT ) are all effective, then also
the new aggregate CAT (Ctx′A,AT ) is effective. I worked on one instance of this
approach16: if all the CtxiA are defined by Tmin we can take the mininimum
among the Ctxi values and define Ctx′A = Tmin(Ctx′). I proved that, with
these definitions, the CAT (Ctx′A,AT ) is effective if all (CtxiA,AT ) are effec-
tive. One potential drawback of this approach is that in some cases some of the
specificity of the meta-logical information may be lost if combined with others;
as a consequence, properties such as screened defeat can lose significance.

A well-behaving system of effective Contextualized Argumentation Theo-
ries with more than one context may also overcome part of the limitations of
some contexts on defeasible arguments, for example by combining (in the trust
case) τmin and τhom (see following paragraphs for a more detailed discussion on
contexts and defeasible arguments).

Context functions for defeasible argumentation

One of the reasons for the choice of ASPIC+ as a framework was to overcome
some of the limitations of the argumentation system in [PTS+11], which allows
only strict inference. In Section 4 I showed that if we define context only on
homogeneous arguments we can use CKBs to have effective contextualized ar-
gumentation theories with defeasible arguments. I also showed that this is not
true for contexts on arguments obtained with the transformer Tmin. The latter
limitation raises the question of whether it is possible to use Tmin to build ef-
fective CATs. This would require further work since, as Example 2 shows, the
current definition of contextualized knowledge bases does not allow this straight-
forwardly. This happens because weakest-link and last-link in ASPIC+ carry
out different preference comparisons between premises and (defeasible) rules,
whereas the simple approach in CKBs loses every information on the formula
from which the context on argument derives (i.e. which formula had the mini-
mum context value). One potential solution may investigate more sophisticated
versions of Tmin that, still capturing the intuition of taking the weakest context,
accounts for differences between rules and premises.

Since Thom is the only transformer we can use for effective contextualized
revision with defeasible arguments, another question is how limiting it is for

16This work was not described further in this thesis for time constraints
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an agent to carry out revision only by homogenous contexts. Let us ask the
question: how expressive are homogeneous arguments? The intuition behind
two homogeneous arguments A,B being such that Ctx(A) < Ctx(B) is that the
subarguments in A and B all have quite the same context strength; also, this
context strenght is lower for A’s subarguments (or, more specifically, formulae)
than for B’s. In Section 3 the latter intuition was formalized in τhom by strictly
imposing equality on contexts on formulae. However, this definition can be
extended by considering any equivalence relation among context values. One
example of this would be trust values that are in the same range. This point
also shows how effective Contextualized Argumentation Theories can be flexible
and how the requirement of real numbers as a codomain of the context functions
may be easily adapted to different settings.

The ways CAT propagate properties on metalogical information on proper-
ties of arguments require further investigation. The work in this thesis tried to
contribute to theoretical research on connections between properties of multi-
agent systems and argumentation. The connections between the metalogical
information of the system and the agent’s arguments are defined by (i) context
tranformers and (ii) desired properties of CAT. Context tranformers gather
metalogical information on formulae in the arguments and synthesize them in
a (numerical) parameter on the argument itself. Given these parameters we
can check certain desired properties on argumentation theories. The transform-
ers proposed in this thesis were simple; more sophisticated ways to synthesize
context functions can be considered, such as those in [Pag04]. One possible
direction is exploiting the structure of arguments defining context on subargu-
ments too; simple properties of this type have been explored in [PTS+11] (see
Subsection 1.1.1). The transformers in this work are also general, making no
assumption on the arguments they will be applied on. Hopefully this can make
them more widely applicable; however further work may aim at investigating
transformers suitable for specific domains.

Applicability to MAS and experimental work on Argumentation-
Based Agents

In Sections 5 and 6 I outlined the connections between Context Revisions and di-
alogues. In Section 5 I proposed that meta argumentation may be used to enable
agents to reason about dynamic contexts by means of a meta-argumentation sys-
tem to observe dialogue moves and whose object level argumentation system is
derived from a contextualized knowledge base. In Section 6 I extended Snaith’s
Argumentation Revision approach to include measure of minimal impact based
on context. I suggested that this extension can let agents make use of a richer
entrenchment for Argument Revision.

The fact that the revision operator ⊗ takes a pair (Argument, Value) is
an useful abstraction if we want to focus on the context value of arguments
and their properties in the argumentation theory. Later on in this thesis I
proposeed transformers to allow constructing context for arguments out of con-
textual values of their elements. Although this further layer of abstraction helps
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in expressing more complex features of the MAS setting, I have not illustrated
how we may use transformers in a setting where agents receive one formula at
the time (such as several dialogical protocols) but they still have to revise with
whole arguments. One way to achieve this would be to define a less abstract17

operator on pairs of formulae and context values that would generalize Contex-
tualized Argumentation Theories and their properties. This or other potential
formalizations should be explored to allow wider applicability.

In this thesis, the connection between dialogues and contextualized argu-
mentation theories were outlined using a simplified dialogue protocol that has
claim as only locution type. Richer dialogue protocols [Pra05] may have more
locution types, e.g. the why locution by which agents can ask for supporting
arguments. I propose that further work would investigate the use of effective
Contextualized Argumentation Theories in this richer setting to help define use-
ful dialogue policies. Informally, a dialogue policy is a function from the state
of a dialogue to the set of possible next moves. For example, agents may use
a policy to decide whether it is the case to attack or accept arguments from
other agents and, in the former case, which arguments to build as replies. Con-
text functions that associate values according to the dialogue structure may be
used to define heuristics or to enrich existing dialogue policies, such as those in
[Dij12]. Another example of contexts to define heuristics for dialogical agents
would be functions that exploit the subjective mapping proposed in [vdWD12]
or the structure of the dialogical tree [Pra05]

Finally, experimental work would help validating how useful effective CATs
can be to improve the performance of argumentative agents. In [KMPV12] Kok
et al. proposed an experimental framework for the evaluation of agents that
make use of structured argumentation in dialogues. For generating scenarios,
the authors consider several quantitative input parameters. Contextualized ar-
gumentation theories are suitable to an experimentation setting since they are
easily parametrizable. Examples of parameters are:

• adopted context functions;

• context transformers;

• threshold and budget levels (for the Argument Revision extensions).

Thus effective CATs may be used in [KMPV12] to generate more complex and
realistic scenarios.

Enhancement and theoretical validation of applications to dialogues

At the end of Section 5 I formalized agents that are protected against naive ma-
nipulation by claims of other agents; this thread of the work in this thesis is close
to the research in [PSM12]. I suggested that the formalization I proposed may
make agents skeptical towards other agents claiming more trust they deserve

17in the sense that it would make stronger assumptions on the structure of the arguments
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(given the current information); my definitions also modelled a skeptical atti-
tude towards agents talking about other agents’ trustworthiness if these claims
are not supported by a sufficient level of trust. In the future, these potential
applications may be validated by connecting the notions I proposed to logical
accounts of information acquisition and trust [Lia03]. Another direction may
explore how to formalize and to which extent it is useful to let changes in trust
levels retroactively be propagated; this may be pursued together with enhancing
the current framework with a logical account of time. These potential lines of
research suggest useful applications for Contextualized Knowledge Bases and
Contextualized Argumentation Theories as formal abstractions for the relation
between agents’ reasoning capabilities (e.g. argumentation) and properties of
agents related to their application domain (e.g. dialogues and trust).
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