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Chapter 1.

1.1.

General introduction and overview

INTRODUCTION

This thesis is about the role of logic and argument in formal theories of commonsense reasoning. More specifically, it is the result of a research project
that was developed to contribute to a better understanding of some prínciples
of inference, that underlie logical systems as they arise in Artificial Intelligence (AI). To achieve this, we study a few approaches to and ideas on "resource-bounded" inference, taken from decisiontheory, argumentation theory
and AI. In addition, we provide a conceptual model for what is called argument-based-reasoning (ABR) and as a result, we propose a formal ABR-framework that matches this model and captures some of these scrutinized principles
of inference.
In this introductory chapter, we first elucidate the notions written in italics in
the previous paragraph, which are necessary to understand the motivation for
this research and to give a more precise description of the aim of this thesis
and a delineation of its scope. In section 1.2 we sketch the intellectual background or research tradition from which our research arises. We make a first
attempt to gíve shape to the notion of commonsense reasoning by anchoring
our work in studies on resource-bounded inference; studies from the field of
decision theory, argumentation theory and AI. Next, an attempt is made to
"parametrize" commonsense reasoning to further develop the concept. In fact,
this attempt leads to the formulation of the startingpoint in this research, the
contention that any formalism that claims to represent or model reasoning or
certain patterns of inference, requires an underlying sufficiently worked out,
general theory of reasoning, that can function as a conceptual model, comprising the informal specifications that govern or -at least- guid.e design-decisions,
made in the formalism. Although this seems a rather unsurprising startingpoint, in this thesis it is argued -following [Loui, 1991] and [Barth, 1985]that much logical research in AI is rooted in an entirely different tradition.
Then, in section 1.3 the focus of research is described: the role of logic
and argument in formal theories of commonsense. First we pay attention to the
concept of logic, making a few comments on its scope and on some recent
developments. Secondly, we pay attention to some important relations between
the three key notions in this thesis: logic, argument and commonsense. They
give rise to several problems and questions, some of which will be discussed
in that section. In regard to the relation logic-argument, there is still the highly
problematic relation between "formal" modern logic and (predominantly)
"informal" argumentation theory. Focussing on the relation logic-commonsense, we must pay particular attention to the paradigm of logic-based knowledge representation in AI, or rather to two succeeding developments in this
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area; the rise of non-monotonic [ogic and the work of the more philosophically
inspired defeasible reasoning community. Focussing on the relation argumentcommonsense, our main concern is the question of how ideas from modern
argumentation theory could be applicab[e in formal systems for commonsense
reasoning. Having formulated or rather developed these basic ideas, we will
provide a threefold aim in section 1.4. Finally, a brief overview of the structure of this thesis is given in section 1.5.

1.2.

BACKGROUND OF THE RESEARCH; "RESOURCE-BOUNDED" INFERENCE

1.2.1. A first characterization of commonsense
Now, clearly since the study of reasoning has exceeded the realm of philosophy, it is a far from monolithic area of interest. Unfortunately, adding the
adjective "commonsense" does not really restrict or even clarify this field. On
the contrary, despite its intuitive appeal, this concept of commonsense is rather
ill-defined and hardly distinctive. Can anyone be seriously involved with
patterns of inference which are not in accordance with commonsense? Which
are a-commonsense or anti-commonsense? Is commonsense reasoning not just
reasoning? Since these questions, which are both obvious and necessary from
the point of view of analytic philosophy, are far from trivial, we cannot afford
to consider the concept as primitive or self-evident and some conceptual analysis seems indispensable.
To begin with let us state that the concept usually refers to the fact that
reasoning is typically done by ordinary people in everyday life. Thus, disciplines concerned with commonsense reasoning are predominantly interested in
the way reasoning is actually performed in everyday life, under realistic circumstances in a concrete environment, rather than in an idealistic, perhaps
even platonic setting or universe. The basic idea underlying this interest is the
quite unsurprising conviction that this reasoning takes place in far from ideal
circumstances and is determined by all kinds of constraints and limitations.
Commonsense reasoning is performed by agents who are "resource-bounded"
in several ways. First of all, they have to deal "rationally" with far from
perfect knowledge; inconsistent, uncertain, incomplete or weakly defined data.
Secondly, reasoning is governed by a related, though even more fundamental
limitation: actors usually have limited time, limited information storage capacity of information and retrieval techniques at their disposal. They suffer from
biased perception and they are influenced by motivational factors. The obvious
implication is that both the quality of (representation of) information and the
limitations of the human information processing system must put constraints
on epistemic theories, models or conceptions of intelligence, rationality or
inference. Accordingly, any satisfactory epistemic theory or model for reasoning should deal with it. This is an idea, that is currently attracting more attention in philosophy as well, especially among formal philosophers, including
[Harman, 1986], [Pollock, 1987] or [Cherniak, 1986].
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Now, this brief characterization of resource-bounded inference may have some
intuitive appeal, but it does not help us much further; apart from the fact that
it appears, or rather remains, highly multidimensional, it also introduces a
variety of concepts which are not themselves self-evident or primitive. It
certainly does not provide us with a model of reasoning that could serve as an
informal specification for a formalism. And, perhaps even more devastating is
the fact that due to this concept, there is hardly any scientific discipline imaginable that does not in some way deal with commonsense reasoning. Since the
study of reasoning has exceeded the realm of philosophy, a great many of
disciplines take interest in the subject as their primary or one of their primary
objectives, and this surely discourages any attempt to propose a solution in
"ordinary language philosophy style"; we cannot simply give an overview of
the different ways in which it is used in practice.
In this thesis we choose another point of departure. We try to develop a
concept of commonsense by elaborating on the way these considerations and
ideas on resource-bounded inference get shape in three disciplines that have
emerged since World War II and -each in their own way- depict this growing
concern with resource-bounded inference: decision theory in the social sciences (predominantly in cognitive and social psychology), argumentation
theory, and artificial intelligence. It is shown that they all emerge from this
tradition by opposing in their own ways the more canonical and idealized
concepts of knowledge and inference, as they have been adopted traditionally
in logic and epistemology; concepts, usually presupposing consistent, welldefined knowledge and perfectly rational and introspective agents, neither
constrained by limited resources nor by biased perception. And, it should be
remembered that these are agents with "belief-states" which are closed under
logical consequence. According to these traditional approaches, reasoning
abilities can be judged fully according to normative models which are based on
these idealized assumptions, including such models as classical logic (Frege),
classical probability-theory (Kolmogorov) and utility-theory (the axioms of
Von Neumann and Morgenstern). As we will see, much research in the field
of resource-bounded inference starts with dissatisfaction with existing (usually)
formal models, rather than with some well-defined theory about the nature of
human reasoning or the structure of cognition.
Not surprisingly, this concern with "real-life" inference, invoked new
approaches (formal and informal), challenging both these idealized models as
well as their normative s[andards. Before we discuss how the beforementioned
ideas took shape in decision theory, argumentation theory and AI, we will
briefly describe these three disciplines.

1.2.2. Decision theory
A clear example of this concern with resource-bounded inference is the rapid
emergence of decision theory in psychology in the sixties. Ideas taken from
and inspired by utilitarism and mathematical economists started obtruding
psychology, a discipline which had previously been dominated by behavioristic
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approaches. The rise of cognitivism favored approaches determined by the
point of departure that persons and groups essentially should be considered
and studied as "rational actors", making judgements and decisions and deliberating on possible choices and actions. However, numerous classical experiments in cognitive psychology showed that people usually do not perform
reasoning tasks in accordance with Von Morgenstern's axioms of utility,
Kolmogorov's axioms of probability, and Frege's logic. This controversy
between the proposed normative models and actual practice in reasoning and
decision-making gave rise to all kinds of endeavors to ezplain or deny the
phenomenon or to correct the "fallacious" reasoner. Many alternative approaches, both formal and informal, were launched. These varied from general ideas of bounded rationality (replacing the idealistic notions) to influential
theories like the "bias and heuristics" approach of [Kahneman, Tversky,
1982]. Their work stimulated or rather generated further empirical research in
reasoning that deepened our insight into the nature of inference. Among other
things, cognitive research showed us to what extent cognitive limitations restrict the choice problems, how cognitive and social stress influence the outcome of a process of reasoning, how preferences are manipulable by tricky
representations ("framing"), and how intuítions which are quite plausible in
isolation, appear to be inconsistent together, as well as other "Arrow"-like
results. This enumeration can easily be extended, but for our purposes, two
important features of this research field must be mentioned here. First, it
encouraged attempts to provide all kinds of practical and realistic models of
inference, including the "Prospect Theory" of [Kahneman, Tversky, 1979,
1984], the "Conflict Model of Decision Making" by [Janis, Mann, 1977], the
"Dominance Search Theory" [Montgomery, 1989], and Beach and Michell's
"Image Theory" [Beach, Mitchell, 1987]. Divergent approaches that can be
worthwhile for anyone concerned with formalizing commonsense. Secondly,
decision theory gave rise to several mathematical models for distributed reasoning, i.e., inference in which more than one agent is involved: gametheory
as a model for joint action between interdependent agents, balancing between
conflict and cooperation; but most noticeably the theory of social choice,
modelling institutions that govern aggregation of preferences of groups of
agents. Especially, the latter discipline turns out to be important for our research.

1.2.3. Argumentation theory
In [Van Eemeren, Grootendorst, 1996], argumentation is defined stipulatively
as a"verbal activity of reason aimed at increasing (or decreasing) the acceptability of a controversial standpoint for the listener or reader, by putting forward a constellation of propositions intended to justify (or refute) the standpoint before a rational judge". This is a description that in several ways makes
clear why argumentation theory emerges from the resource-bounded tradition.
First and foremost, because of its point of departure that argumentation is
a form of language use; we should study real-life argument as it is produced
in ordinary language in ordinary discourse. Thus, clearly rejecting positivistic
4

ideas about the inappropriateness of natural language. Secondly, because of the
conviction that argumentation cannot be understood, modelled, or judged
properly without specifying "social" parameters. As a linguistic activity, it
must not be studied purely structurally or in isolation, but also functionally in
an environment.
In fact, the discipline arose from the criticism against the concept of argument as adopted and taught in traditional philosophical textbooks on logic and
argument, in which these social aspects were commonly neglected and deductive validity was the only standard in the evaluation of argument.
Pioneering work by [Toulmin, 1958], [Perelman, 1958], and [Naess,
1966] and [Hamblin, 1970] encouraged a(renewed) interest in concepts of
law, rhetoric and dialectics. Unfortunately, their concern was sometimes
predominantly determined negatively and the criticism of especially Toulmin
and Perelman proposed a total and unnecessary rejection of classical logic.
However, these insights about language use, dialectics and social determination were continued as the discipline became institutionalized and mature in
the seventies and eighties and developed as a highly interdisciplinary research
area, in which argumentation was studied from a general linguistic and communicative point of view. Since we are interested in the role that contemporary ideas on argument can play in formal theories of commonsense reasoning, we will discuss some of these developments in more detail. This will be
done mainly in Chapter 2 and 4. However, here one preliminary remark must
be made on the relation between logic and argument. In the philosophical
literature, argumentation is often identified with informal logic, thus rejecting
classical logic and deduction in particular and the use of formal methods in
general, as did the founding fathers Toulmin and Perelman in the early days of
the discipline. However, nowadays the situation is not too obvious yet in the
study of argumentation, despite a widespread agreement that classical logic is
not suitable as a or rather the model for argument. On the one hand, there is a
group that advocates a total rejection of formal methods in the study and
analysis of argument. An appalling example is the informal logic movement
[Blair, Johnson, 1980]. Their attacks, however, are not totally free from the
"strawman fallacy", crippling the scope of logic and neglecting almost entirely
more current approaches and results in the field, some of which will be discussed in this thesis. On the other hand, there is a significant group of scholars in the field, who have a more mitigated point of view. They argue that
formal techniques, formal logics, and even classical logic do play an important
role in the field. They adopt a strong deductivism in their theories [Groarke,
1992], or they use logíc as a tool rather than as a model [Van Eemeren,
Grootendorst, 1984, 1992] or they try to make proper adjustments or extensions into the system to make them suitable for application [Woods, Walton,
1982], [Barth, Krabbe, 1982]. Or, they plea for the use of formal techniques
in the analysis of fallacies [Woods, 1989]. Or it is argued that a good theoretical foundation for informal logic cannot do without precise mathematical
models. [Walton, Krabbe, 1995].
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1.2.4. Artificial Intelligence
Thirdly and finally, AI can be put into this resource-bounded tradition. Not
only because of its practical objective to formalize and, more importantly, to
simulate reasoning processes by implementing algorithms in computers, but
primarily, because its main point of departure was the fairly obscure conjecture that computers should "follow" inferences made by human beings; and
because human beings typically are supposed to possess and exhibit "commonsense", formalization of commonsense reasoning undoubtedly became the main
topic in AI (and sometimes is even identified with it). Currently, AI is a highly heterogenous and interdisciplinary area, including robotics, automated
theorem proving, simulation, neural networks, and genetic algorithms. Therefore, a clear demarcation must be made here immediately. We restrict ourselves to knowledge representation, which surely is a main concern in AI, but
which cannot be identified with it. Roughly speaking, we refer to work based
on a methodological assumption which [Smith, 1982] called the knowledge
representation hypothesis. It states that intelligence in general and reasoning in
particular involves symbolic information processing: manipulating symbols, or
rather strings of symbols, which in a certain way represent pieces of information about the world; information we need to perform intelligent tasks. To
achieve this, an intelligent system should at least comprise two specific substructures: a knowledge base and an inference engine that operates on it. The
idea is that logic can be used as a knowledge representation language, just like
semantic nets, frame-based systems, and production rules. In this thesis, our
main concern with AI is this use of logical systems as a knowledge representation language. Especially, since these endeavors initiated the development of
numerous formal non-standard logics, due to the generally conceded point of
view that classical (logical and probabilistic) formal models are inappropriate
to formalize this "commonsense" reasoning. A brief introduction to these
logics will be given in the next section.

As we stated already in the first paragraph of this chapter, the proposed
adjustments to classical logic by AI-researchers were a main motivation for
this research. They immediately raise the question of what principles of and
ideas on inference underlie and justify these adjustments to classical logic.
1.2.5. Four parameters of commonsense

In the literature, the three disciplines described above are hardly related; they
are studied in relative isolation in separate communities, which have their own
objectives, methods, and background, without much cross-fertilization. However, apart from the fact that they all give shape to a notion of resourcebounded inference and that they all refrain from an unconditional application
of, and addiction to, classical normative standards, there are a few more subtle
relations as well, some of which will become relevant in this thesis. In studying and comparing these approaches and in elaborating their significance, we
cannot be satisfied with a mere eclecticism of some useful ideas, notions and
results. In Chapter 2, it is argued that the relations between the three disciplines and their significance for our goals can be scrutinized by taking into
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account how they deal with four dimensions or rather parameters that give
shape to a theory of commonsense reasoning. In our opinion, a theory on, or
approach to inference can be described in accordance with the way it deals
with:
1,

2.

3.

4.

rationality: an appropriate theory of reasoning always makes some implicit
or explicit assumptions of rationality: rational actors, rational belief, rational decision, rational behavior. How does this complex notion get shape in
the beforementioned disciplines?
description-explanation distinction: every theory of commonsense inevitably has a descriptive "component" or "level", based on empirical observations, whether obtained by survey research, experiments, discourse analysis, or qualitative research. On the other hand, there must also be some
general account of inference that generalizes certain inferences, explains
them or that tries to predict future behavior. These general accounts will
sometimes be the result of descriptive research, but they may also precede
it; as a result of previous research or perhaps as a wild (methodological)
or speculative idea on the nature of inference or on the parameters that
govern the process of inference.
descriptive-normative distinction: theories of inference usually adopt some
normative standards or ideals. Are they in accordance with classical formal models? How can we deal with or rather account for deviations. What
alternative standards for valid, correct, or plausible inference are proposed?
processproduct distinction: inference can be modelled by process models
and procedural models or by structural or declarative models. Are we
interested in the product or the process?

Elaborating on the questions which underlie the four parameters gives us a
further opportunity to develop a more worked out notion of commonsense,
which will be discussed in Chapter 2, and can provide some criteria for the
evaluation or assessment of current research in logic based AI. The latter wi11
be presented in Chapter 3.
However, these four parameters fulfill a third role as well. They can serve
as a guide in developing a conceptual model that should underlie the formalism. The startingpoint in our research is that we cannot develop a formalism
before we have a clear idea of the behavior we want to model or simulate.
Just like a social scientist first develops a conceptual model from which hypotheses may be derived. Just like an industrial designer needs informal specifications often formulated in natural language, that describe the desired properties or behavior of the ultimate product. And just like the development of a
database system first requires an extensive (and often expensive) information
analysis; the intended users of the systems are interviewed in order to find out
what entities and relations are important or more practically: what questions
must be answered by the system?
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Now, unfortunately, this "correspondence" between the "informal" and the
"formal" usually cannot be described by a clear representation theorem. However, as we will argue, the opposite, i.e., a systematic underspecification of
the problem or situation is sometimes problematic in the development of logical systems; we cannot be satisfied with some intuitions about plausible inferences, or with slight modifications to existing consequence-relations. The
development of a conceptual model can be a solution. Its role is discussed in
Chapter 2. In Chapter 2 it is also argued that argumentation theory and decision-theory are suitable candidates to supply concepts and results that can
underlie such a conceptual model. As we stated already, Chapter 3 deals with
the situation in recent logical research.

1.3.

THE FOCUS OF RESEARCH

As this thesis deals with the role of logic and argument in formal theories of
commonsense reasoning, the concepts of logic, argument, and commonsense
are the key notions in this study. Therefore, we also must make clear what
concepts of logic we use. The notion certainly does not suffer from the conceptual drawbacks that characterize commonsense. However, meaning and
scope are not always entirely obvious and clear in advance. Sometimes misconceptions arise, especially in the philosophical literature. In section 1.3.1,
some introductory remarks are made. Section 1.3.2 deals with several important relations between the concepts of argument, logic and commonsense.
Some of them are quite canonical and are derived from a respectable and
longstanding scientific tradition and certainly will not be discussed in extenso
here. However, in this section a few of these relations will be scrutinized;
relations that underlie the aim of this research as it will be formulated in
section 1.4.

1.3.1. Logic
It may initially seem redundant to pay attention to the scope and meaning of
the notion of logic. Indeed, when Frege gave rise to a formal, mathematical
account of logic, he definitely put an end to much of the obscurity of the term
in the history of philosophy and, for certain, the concept of logic seems the
most well-defined and universally accepted of the three concepts which are
being discussed here. Although a"historical" characterization of the discipline
as "the inheritance of Frege, Russell, Whitehead, Gódel, Church, Kleene and
Tarski" might seem satisfying to anyone working in mathematical logic, basically scope, meaning, and use of the term have been changed throughout
history considerably and are far from unproblematic. On the contrary, some
misconceptions and disagreements about logic are still dominant in the many
disciplines concerned with reasoning, particularly in those disciplines we take
into account here: argumentation theory, AI and sometimes even logic itself.
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According to [Walton, 1990], "these are changing times for logic", thus
explicitly referring to the advancement of informal logic in America and Canada and to the rise of argumentation theory. As we will see in Chapter 3 and 4,
the latter discipline gave rise to new ideas on logic itself, including in particular, Grize's "natural logic" [Grize, 1982] and Barth's "empirical logic" [Barth,
1985] .
However, even if we stay in the more traditional formal "corner", the
situation is not quite clear. We do not refer to the rise of philosophical or
intensional logics in this century (they are well respected and eventually classical themselves). We refer especially to the rise of so-called non-monotonic
logics, commonly developed in AI to formalize commonsense reasoning; they
opened discussions which seemed to be closed since Frege. This is not only
because dropping the condition of monotonicity is that spectacular, but mainly
because of the fact that, partly as a result of this movement, new discussions
arose about the question of what makes a logic a logic.
On the one side, there is the almost universal agreement among both AIresearchers and "pure" logicians that logical systems should be studied "generally" or "universally" with, roughly speaking, the starting-point that classical
logic is only one of many possible, meaningful or reasonable logics.
On the other side we see that in developing those frameworks, we usually
have to deal with and commit ourselves to concepts, originating from and
rooted in classical logic: entailment, implication, consequence-relation, consequence-operation, inference-relation, inference-rule, proof, derivation, etc. As
we will see, generalizing or broadening these concepts, to make them suitable
for "general purposes" for which they definitely were not intended, is not a
trivial issue! The old concepts must be reinterpreted, or even worse sometimes
new nomenclature is required, i.e. we must introduce new concepts, which
have no ancestors in classical logic. Some of the problems that arise in making
these adjustments will be discussed in this thesis.
So, in my opinion, it certainly does make sense to start in a certain way
"ab ovo" and specify what concept of logic we are using in this thesis and
how we interpret some of the beforementioned concepts.
In this thesis, we reserve the term logic for formal, or equivalently symbolic logic'. More precisely, we consider a logic or logical system to be defined over a formal language L, with a clearly defined formal syntax, a formal
semantics as well as an inferential apparatus. The language L usually can be
identified with a set of recursively defined, well formed formulas (WFF's), i.e.
well-formed with respect to the prescriptions given in the syntax. The semantics provides the interpretation of the symbols given by syntax and specifies
what it means for a formula to be true. The inferential apparatus, or system of

Usually the term mathematical logic is considered to be synonymous to the
others as well. However, to avoid misunderstandings we will not do so. For
mathematics is often, correctly or not, identified with deduction, and as we will
show such an identification of logic and deduction should be rejected.
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inference, which is often identified with the concept of logic itself, can be
defined over this language and, generally speaking, specifies what new formulas (conclusions) can be derived (obtained) from the available formulas (assumptions or premisses).
Obviously, the most commonly known logic, the propositional calculus
(PC) can easily be characterized (and in fact often is characterized) according
to this framework. The syntax of PC generates the set of WFF's, i.e. the
smallest set containing denumerably many atomic formulas and closed under
negation (" ~") and disjunction (" v"). The semantics of PC is truthfunctional. Valuations assign a truth-value to all atomic formulas, and the usual
connectives are truth-functions, thus "compositionally" determining the truthvalues of compound formulas. Finally, the canonical form of the "inferential
apparatus" of PC is to define a set of axioms as well as a rule of inference:
Modus Ponens. Such a system is usually characterized as a Hilbert-type proofsystem.

Of course, this presentation of classical logic is not the only characterization. Modern logic has several "garbs"; formal systems which are logically
equivalent can be modelled or represented in several ways.
But, as stated previously, considered from the general point of view we adopted earlier, PC is essentially nothing but an instance of the scheme or framework we gave, and all kinds of extensions and adjustments are imaginable with
respect to syntax, semantics and inferential apparatus. For example, the syntax
can be extended (allowing quantification or modal operators), but also impoverished (if we want a system which is not closed under the usual truth-functional connectives). The semantics, in its turn, does not need to be modeltheoretic at all. However, since logic is usually identified with the inferential
apparatus, it is not surprising that modifying the logic often implies modifying
the inferential apparatus, although often such an adjustment inevitably induces
shifts in syntax or semantics as well.
Nowadays logical systems can be -and usually are- characterized with
respect to their inferential apparatus along two lines; regarding their consequence-operation, a concept originating with Tarski, and their consequencerelation, a notion which goes back to Gentzen. Because both concepts have
recently received a more general account than was intended by either researcher, some attention must be paid to them here.

Tarski considered the study of infinitary consequence-operations to be the
main topic in logic. Given a language L, derivability in first-order logic can
be characterized by a mapping Cn: y~(WFF) ~~(WFF),2 called a consequence-operation if it meets the following conditions:
~ E E~~ E Cn(E) for all ~ E WFF
Cn(E) - Cn(Cn(E))
I' S E~ Cn(I') S Cn(E)
Z

inclusion
idempotence
monotony

y~(S) denotes the powerset of S, i.e the collection of all its subsets.
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(T 1)
(T2)
(T3)

So, for every subset X of WFF, Cn(X) denotes the set of consequences of X. If
Cn has these three properties and is compact as well, then it can be identified
with Cl, the deductive closure of classical logic. Unlike Tarski, Gentzen represented the inferential apparatus of a logical system by a binary relation ~- on
WFF. According to Gentzen, the consequence-relation of classical logic is
given by:
if ~ E E then E~~
if E~- ,L and E U{,(,} ~~ then E~- ~
if E~~ then E U{tG} ~- ~

reflexivity
cumulative transitivity
monotony

(G1)
(G2)
(G3)

Both approaches are equivalent with respect to classical logic and generally are
standard characterizations of this system. Problems arise if we want to generalize both notions of consequence. Tarski reserved the notion of consequenceoperation for those mappings which satistïed at least monotony. However,
nowadays many logicians agree that this demand is too strong and they claim
that "meaningful" and "reasonable" logical systems can be obtained by weakening these three demands, especially by abandoning or weakening the condition of monotony.

So, although for Tarski the concept of a non-monotonic consequenceoperation might be a contradictio in terminis, nowadays this concept is quite
common. Analogously, the notion of consequence-relation has been generalized, and again the aim of monotonicity is no longer self-evident. Of course,
this immediately gives rise to problems with nomenclature as well. Some
logicians openly speak about non-monotonic consequence-relations [Kraus,
1990]; others reserve the notion of consequence-relation for Tarski's concept
and denote relations which are not monotonic, inference-relations [Makinson,
1989] .

Immediately the question arises of what makes a mapping a consequenceoperation and a relation a consequence-relation. Does it make sense to claim
that all relations on WFF and all mappings from y~(WFF) to y~(WFF) deserve
the predicate consequence-relation and deiine reasonable, meaningful logical
systems? This problem is noticeable in non-monotonic logic, where [Kraus,
1990] and [Gabbay, 1985] claimed that any reasonable consequence-relation
obeys the condition of cumulativity. A consequence-relation is cumulative iff it
satisfies the following two conditions:
if E~~ and E U{~} ~~ then E~- ~
if E~ ~ and E ~- ~, then E U{~} ~~

cumulative transitivity
cumulative monotony

At the same time, a consequence-operation is cumulative iff it meets both:
E ~ I' ~ Cn(E) ~ Cn(E) S Cn(I')
E S P ~ Cn(E) ~ Cn(I') S Cn(E)
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cumulative monotony
cumulative transitivity

We will discuss the importance of these requirements for our purposes in
Chapter 5. Here we will avoid this discussion and use both concepts as generally as possible, without discussing which additional properties are required.
Thus a consequence-operation is just any mapping Cn: ~(WFFj -~ ~(WFFj and
a consequence-relation is just any subset of y~(WFFj x~(WFFj. When we use
an arbitrary consequence-relation, we will use ~ followed by an index. ~ denotes the standard consequence-relation and Cl the standard consequenceoperation of classical logic. Mostly, we will use Gentzen's finitary consequence-relations, because they are more natural and perspicuous than Tarski's
infinitary consequence-operations.

Two important remarks have to be made here. First, it is of course needless to
say that from the present point of view, the deductive closure is nothing but
one -though very important- case of a consequence-operation. It can be
strengthened or weakened, depending on the purposes of the system which has
to be developed. And obviously, there is no reason in advance to contend that
the term logic is not applicable to systems in which Cn ~ Cl. So, logic cannot be identified with deduction. And consequently, the fact that by our definition, logic is necessarily formal, does not imply that a formal system is necessarily deductive; an assumption, still dominant in much informal, philosophical
literature on logic.
A second remark is concerned with the notion of a inferential apparatus.
The concept of reasoning, in the sense of "making inferences", is discussed in
many disciplines. Of course, there is nothing wrong with characterizing logic
as the science of reasoning or the science of inference, as long as we realize
that until now we only have tools at our disposal for describing those types of
inference which can be modelled with consequence-relations and consequenceoperations. However, there is no reason to presume in advance that other
types of inference, which cannot be captured by the notion of consequence,
cannot be formalized properly or should be excluded. More explicitly, in our
opinion, the inferential apparatus of a logical system should by no means be
restricted to the notion of consequence, as we described it here.
We should not by all means try to capture all kinds of patterns of reasoning by slight modifications of the consequence-relation or -operation. In our
ABR-approach, developed in Chapter 5 and 6 we will try to formalize the
inferential apparatus by means of inference-relations, which are much more
general than the notion of consequence.
Summarizing, we made three commitments with respect to the concept of
logic. Firstly, logic is considered to be formal in the sense that any system,
that is considered to be logical, can be defined over a formal language.
Secondly, in order to make logic suitable for knowledge representation
and commonsense-reasoning, a general approach is needed that goes beyond
classical "deductive" logic and accordingly, exceeds notions like entailment
and consequence (in the strict sense of Tarski and Gentzen). Thirdly, specifying the inferential apparatus of a logical system does not imply that we are
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restricted to the notions of consequence (even in the permissive modern
sense) .
1.3.2. Some relations between logic, argument and commonsense
1.3.2.1. Logic and argument

In Section 1.2.3 we already mentioned the problematic relation between argument and formal logic. We believe that this item can best be discussed having
presented some recent trends in both fields. Chapter 4 is completely dedicated
to argumentation theory and therefore the relation with logic will be discussed
there.

1.3.2.2. Logic and commonsense
Focussing on the relation between logic and commonsense raises two important questions. The first is the canonical one and has "commonsense" as the
point of departure. Given the aim that we want a formal account of commonsense reasoning, what role can logic play as a knowledge representation language or rather as a model or framework for commonsense reasoning in AI?

The second question departs from logic. Given the fact that logic should
be used as a knowledge representation language, what adjustments or modifications in classical logic are required for this purpose?
We will pay special attention to two successive developments in AI: the
rise of non-monotonic logic and defeasible reasoning; approaches, that display
quite drastic adjustments from the point of view of classical logic. In Chapter
3, we will not give full-fledged overviews of these approaches, but concentrate
on the ideas on inference and logic that underlie them. Here a brief introduction is given.

Non-monotonic logic

The term "non-monotonic" refers to the absence of the property of monotony
in the consequence-relation. Non-monotonic logics were developed to model
patterns of commonsense reasoning. Systems like default logic, developed by
[Reiter, 1980J, circumscription, launched by [McCarthy, 1980] or auto-epistemic logic [Moore, 1985] are especially intended to capture types of inference
which are considered to be "in accordance with commonsense". More generally, all non-monotonic logics are usually characterized in the well-known textbooks such as [Lukaszewicz, 1990] and [Brewka, 1991 ] as "formalizations of
commonsense". Rational agents sometimes have to jump to conclusions rather
than make sound deductions. Consequently, they have to withdraw these conclusions, once faced with additional data. The basic assumption of non-monotonic logicians is that these patterns cannot be modelled properly by classical
logic because of its monotony: if a conclusion ~p is derivable from a theory E,
where E represents a set of premisses, then ~p is also derivable from every
superset of E. So, new information cannot invalidate old conclusions. Of
course, many intelligent tasks do require this possibility. People use represen-
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tation conventions for efficient storage of information; they must be able to
handle rules with exceptions and generic sentences and they must be able to
deal with inconsistencies in a reasonable way. Furthermore, it is argued that a
straightforward application of classical logic as the underlying model of reasoning immediately runs into trouble. Therefore, an inference-procedure is
required which is to a certain extent inconsistency-tolerant, context-sensitive,
allows sophisticated representation conventions, and admits generic information. So new, non-monotonic (and therefore non-deductive) consequence-relations had to be developed and many quite dissimilar and often ingenious formalisms have been proposed. For a concise but lucid overview, see [Brewka,
1991].

Defeasible reasoning
In a certain way, research conducted in the defeasible reasoning community
can be considered a reaction of more philosophically interested scholars to the
work performed by non-monotonic logicians. According to John L. Pollock,
"current theories of non-monotonic reasoning coming out of AI are simplistic
and overlook much of the fine structure of defeasible reasoning". [Pollock,
1987]. Ron P. Loui is even more explicit in his usually highly polemical
essays [Loui, 1990, 1991]. In his opinion, non-monotonic logic and defeasible
reasoning have few things in common and emerge from entirely different
logical traditions. He has no doubt that all research performed in non-monotonic logic will appear to be unfruitful in the near future.
Before we characterize this paradigm, it has to be admitted that this defeasible reasoning community is more recent than non-monotonic logic, and
certainly not as influential or canonical. It has no "classical" formalisms like
default logic, circumscription or auto-epistemic logic. In a certain sense, our
description is even rather stipulative. It summarizes some ideas which are not
acknowledged by all the "members". But it suffices to show that research
conducted in the defeasible reasoning community departs from different ideas
on inference and as a result proceeds along different lines. Many researchers
have tried to give shape to these ideas. They include [Loui, 1987, 1990,
1991], [Nute, 1988], [Pollock, 1987, 1989], [Konoligue, 1989], [Vreeswijk,
1991, 1993] and [Simari, 1992]. Researchers in the legal field also have to be
mentioned, including [Gordon, 1993], [Sartor, 1993], [Prakken, 1993] and
[Hage, 1992, 1993].
Generally speaking, work in the defeasible reasoning community is based
on principles which are almost canonical in traditional philosophy (dialectics,
epistemology), rhetoric, legal theory, dialogue logic and theory of argumentation, but have only recently been given attention in AI. The idea is that (many
types of) reasoning can be considered as a process of constructing, comparing,
and weighing arguments for and against a certain conclusion. Human beings
typically construct and evaluate arguments when they explore available knowledge, make a decision, try to persuade an opponent, jump to conclusions, or
have to deal with inconsistent information. Arguments are meta-linguistic
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constructions, a kind of "defeasible" and "non-demonstrative" proofs that give
a certain support for a conclusion, but not a definite warrant. This defeasibility
is due to the fact that arguments (unlike proofs in mathematics!) typically
interfere. They can be questioned, attacked by counterarguments, "overruled"
by "better" arguments with more conclusive force, defeated or reinstated.
A feasible presupposition for this `deliberate' reasoning is a distributed
environment, i.e., the introduction of two or more agents performing the
process of reasoning. Agents with possibly dissimilar dialectical roles, a nonsymmetrical distribution of the burden of proof and maybe even with different,
conflicting norms and standards about rationality and appropriate argument.
From this point of view, more so than the proposition, the notion of argument is the key notion in the study of reasoning. Consequently, every system
that wants to formalize reasoning has to deal with this concept. It should
indicate what arguments are, how they interfere and how they should be
weighted or evaluated. Obviously related notions like rationality, burden of
proof, (violation of) norms, behavior of agents and (types ofj debate must also
be incorporated in any theory or framework for reasoning. In this thesis any
approach that models inference as a process of constructing, weighing and
evaluating arguments will be called Argument Based Reasoning (ABR).
Despite both its intuitive nature and its longstanding tradition in philosophy, the notions of argument and ABR do not play a significant role in classical logic, or in most current non-monotonic formalisms.

1.3.2.3. Comm~nsense and argument
An important focus of the research in this thesis is the relation between the
formalization of commonsense (as the main concern in AI) and modern argumentation theory. Both disciplines are concerned with resource bounded inference, but at a practical level there is not much cross-fertilization. Of course,
the most compelling difference is the fact that in argumentation theory hardly
any research can be found on the simulation of reasoning by a computer. In
fact, much research is concerned with subtleties which are far beyond the
scope of AI, and sometimes even beyond the scope of a formal language.
However, we hope to make it clear in Chapter 4 that there are striking similarities as well, first and foremost, with respect to the role of classical logic.
The beforementioned rise of non-monotonic logics shows underlying principles which "match" even the severest criticism of informal logicians like
Blair, Johnson and Scriven, thus considerably reducing the gap between "formalists" and "informalists".
But, then, a second "similarity" is the main reason to focus on the relation
between commonsense and argument: the fact that defeasible reasoning explicitly adheres to argumentation and dialectics. However, as will be made clear,
there hardly is any reference to ideas or results of modern argumentation
theory in the literature on defeasible reasoning. The most recent bibliographic
reference is usually Toulmin's famous study "The Uses of Argument", which
is clearly unsatisfactory due to the rather primitive concept of argument
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Toulmin adopts. The reason that we do not pay attention to individual and
important contributions of workers in the field of defeasible reasoning, is that
we prefer a different strategy or at least a different starting-point. Our approach is different in the sense that we argue that it is feasible to study to
what extent modern argumentation theory can help to develop ideas on Argument Based Reasoning by providing insights, concepts or models; insights,
that ideally provide a suitable conceptual model, underlying the formalism. In
achieving this, we avoid a mere eclecticism of some unrelated ideas and concepts of modern argumentation theory and focus mainly on pragma-dialectics,
developed by Van Eemeren and Grootendorst. [Eemeren, Grootendorst, 1984,
1992, 1993].
It is important to note that as far as this relation between AI and argumentation theory is concerned, our research is in a way explorative; the "intersection" of both fields is hardly explored.

1.4.

THE AIM OF THIS THESIS

Summarizing, we can formulate a threefold aim of this thesis.
First, we develop an approach to commonsense reasoning by focussing on the
role logic and argument can play in it. We elaborate on a few approaches and
ideas taken from argumentation theory, decision theory, and AI. More specifically, we try to answer the beforementioned questions, concerning the three
relations we established in section 1.3.

Secondly, we develop a conceptual model for Argument Based Reasoning,
which applies or rather integrates some of these insights and provides us with
a general notion of resource-bounded inference. We need a model that is
sufficiently explicit and comprises the specifications that govern or -at leastguide design-decisions, made in the formalism.
Thirdly, we wish to develop a formal framework for Argument Based Reasoning. It is presented in two stages. First, we present an ABR-framework for
monological deliberate inference. It is monological because only one actor is
involved; it is deliberate because the process is based on the construction of
arguments and counterarguments. Then, we extend the formalism to a distributed environment, where two or more agents are involved and where we can
take full advantage of the possibilities of argument based approaches to commonsense.
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1.5.

THE STRUCTURE OF THIS THESIS

In Chapter 2, we will develop some ideas on commonsense reasoning in the
way we indicated in section 1.2. The relation between logic and commonsense
is dealt with in Chapter 3. It sketches some developments and identifies some
problems. More specifically, it discusses the consequences of our notion of
commonsense as developed in Chapter 1 and 2 for logic as a knowledge representation language in AI.
Chapter 4 deals with the relation between argument and commonsense. It
gives a brief overview of recent trends and topics in the study of argumentation. In addition, it presents the main ideas of pragma-dialectics [Eemeren,
Grootendorst, 1984, 1992] and it gives a conceptual model that should underlie our formal framework. The model is based mainly on some ideas we developed in Chapter 2 and on pragma-dialectics. Chapter 5 presents an ABRframework for monological deliberate inference. Chapter 6 extends the formalism to a distributed environment, where two or more agents are involved.
Finally, Chapter 7 provides some conclusions and suggestions for further
research.
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Chapter 2. An approach to commonsense

2.1.

INTRODUCTION

Throughout history, the study of reasoning has always received much attention, most noticeably in several philosophical disciplines. In observing, interpreting, and controlling their environment, people constantly make inferences,
thus changing their belief-states or making judgements, decisions and choices.
They construct arguments, prove theorems, and jump to conclusions in giving
explanations and predictions, or they generalize observations to law-like statements and make plans. And, they justify their opinions or moral behavior and
try to persuade opponents in debate or in court. Sometimes these inferences
require just unilateral proof, other times they demand full interaction or antagonism. Sometimes the motive is an unconditional search for truth, other times
bargaining or negotiation may determine the process of reasoning. Obviously,
the way these agents perform, or rather should perform these diverse activities
gives rise to all kinds of questions in the iields of logic, epistemology, ethics,
analytic philosophy, dialectics and rhetoric.
This diversity in the philosophical disciplines concerned with inference
already guarantees a far from monolithic area of interest. Nowadays, however,
overviewing the field of reasoning offers an even more pluriform panorama.
Owing to the proliferation of sciences, a great variety of disciplines are taking
interest in the subject as their primary or one of their primary objectives,
shedding light on the process of reasoning from a(domain-)specific point of
view, including the three disciplines we presented in Chapter 1.
As a result, this diversiry of reasoning activities has even increased, simultaneously yielding a great variety in different approaches as well, sometimes
coexisting within one and the same discipline: formal and informal approaches, cognitive and behavioristic, internalistic and externalistic, analytic and
empirical, normative and descriptive, qualitative and numerical.
This diversity in disciplines, activities, and approaches requires a clear
demarcation for anyone concerned with the development of a notion of commonsense which is sufficiently coherent to serve as a basis for a conceptual
model that underlies a formalism. In Chapter 1, we took a iirst step by starting from the idea of "resource-bounded" inference, as it takes shape in argumentation theory, decision theory, and AI. We also give a first informal motivation for the significance of argument and decision in a theory of resourcebounded inference. Furthermore, in section 1.2.5, it was argued that to avoid
a mere eclecticism, we need to distinguish four aspects or dimensions that
characterize theories; they enable us to further develop a notion of commonsense, to compare and especially to evaluate existing theories and, finally, they
serve as a guide in developing a conceptual model. In this chapter, some of
these ideas will be discussed in more detail. In section 2.2 we first give a
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motivation for our concern with decision theory. Why must it underlie our
approach to commonsense? Why not restrict ourselves to argumentation theory?

In section 2.3, we make some brief remarks about the problem of representation. Before we can say what we want to represent, we must know what notion of representation we have adopted. In fact, the ideas on representation
that we adopt are a plain motivation for the starting-point we chose in section
1.2.5 and which led to the stipulation or rather identification of four required
parameters in a theory. These parameters are also discussed briefly. In section
2.4 we make a few comments on the role of rationality in argumentation and
decision. Section 2.5 comprises some comments on the descriptive-explanation
distinction; we take a rather uncomplicated position that follows directly from
our considerations on representation in section 2.3. In addition, the descriptive-normative distinction is briefly discussed in section 2.6. Finally, section
2.7 deals with the process-product distinction.

2.2.

THE ROLE OF DECISION THEORY

In Chapter 1, we showed that several researchers think it is worthwhile to
approach (important types of) commonsense reasoning as a process of constructing arguments and counterarguments. Adhering to this principle of deliberation, we argued that it is feasible to study to what extent modern argumentation theory can help to develop this idea by providing insights, concepts or
models. In doing so, we prefer those models of argument that provide full
opportunity to attack arguments and cast doubt on standpoints. Therefore, a
further motivation for taking this discipline into account seems unnecessary
here. But why decision theory?
First, it is interesting to note that a notion of deliberation underlies decision theory as well. As we pointed out already in Chapter 1, decision theory
starts from the idea that persons and groups should be studied as rational
actors, who make judgements and decisions by deliberating on possible
choices and actions. Especially in so-called compensatory models there is a
systematic search for and use, combination and evaluation of different or
conflicting pieces of information. A simple example is multi-attribute decisionmaking, where alternatives are evaluated according to multiple, usually conflicting attributes. One might find certain evidence for alternative A, but (taking other attributes into account) there can be (stronger) evidence for B. We
will further address this aspect in Chapter 6, after a distributed environment
has been introduced.
But, apart from this resemblance, there is a more fundamental reason to
pay attention to decision theory. Commonsense reasoning, considered as resource-bounded inference, always presupposes a decision situation. The two
"levels" of bounded resources that we distinguished in Chapter 1, i.e. the
quality of (representation) of information and the limitations of the human
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information processing system, are meaningful or substantial only in these
cases where one needs to perform a specific action or to make a specific
inference.
As this process of deliberation must terminate, resource-bounded inference
is inevitably resolution-oriented, and the model of reasoning one develops,
must focus on this feature. As we will see in section 2.3, this functional aspect
is less obvious in classical logic. Also the patterns of inference that are modelled in non-monotonic logic presuppose a qualitative and often undeveloped
notion of a decision theory, which does not always receive the attention it
deserves. Given this resolution-oriented nature of resource-bounded inference,
it seems worthwhile to pay attention to some basic, general principles and
results from decision theory when developing a conceptual model. Two independent practical reasons -a formal one and an informal or rather conceptual
one- for taking decision theory into account have been indicated briefly in
Chapter 1 already.
The first reason is that the discipline provides quite a number of straightforward formal notions that deal with, typify, or embody decision situations
and problems. Most of them will not be needed in our own model, and indeed
some appear to be too straightforward or too rigid to model subtleties in commonsense reasoning, but as we will see, some of them can be worthwhile in
our framework as well. For a comprehensive introductory work, see, for
example, [French, 1986] . The following enumeration is incomplete, but it
gives an indication of the field. In developing a notion of commonsense, formal notions of decision theory can be useful at least at three levels. First, it
comprises a huge number of decision rules that can be applied in a one-agent
environment. There are rules for reasoning with well-defined certain information, like multi-attributive decision-making, rules for ill-defined certain information (the lexicographic model or Elimination by Aspect), rules for reasoning under risk (like the Expected Value or Expected Utility model), or
straightforward non-compensatory methods for reasoning under complete
uncertainty (like maximax, maximin, or minimax regret).
Second, as we mentioned already in chapter 1, game theory provides
models for decision-making between interdependent agents. Many kinds of
complex relations and interdependencies can be modelled: sometimes interests
are fully contradictory ("zero-sum games"), sometimes a common goal is
achievable ("Nash-equilibria"), sometimes strategic behavior (cheating) is
profitable ("Prisoner's dilemma"), sometimes iteration of the "game" appears
to be relevant ("tit-for-tat"), another time there is the conviction that despite
everything cooperation is worthwhile ("Battle of the Sexes").
Thirdly, the theory of social choice provides techniques for the aggregation of preferences into a collective choice and for specifying behavíor of and
relations between actors. Also this aspect has already been mentioned in Chapter 1 and unlike game theory it will appear to be relevant in Chapter 6.

Even though most of these techniques will not be discussed in this thesis,
we are convinced that any approach that models commonsense reasoning as a
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process of resolution-oriented deliberative resource-bounded inference (in a
distributed environment), will face problems and patterns of reasoning, which
have often been modelled and understood in decision theory. Consequently,
we also believe that it can be quite profitable to determine what existing ideas
and notions are useful. Having developed a conceptual model in Chapter 4, we
introduce a few of these ideas that turn out to be applicable in Chapter 5 or 6.

The second reason for paying attention to decision theory is that ( empirical) research on decision-making, performed in cognitive psychology, does
provide some important results and deep insights to reasoning that cannot be
ignored by anyone interested in this subject matter, be it from a formal or an
informal perspective. Some of these ideas will be adopted in our model: ideas
on rationaliry, on representation problems, cognitive or social influences that
positively or negatively influence the process of inference. Some of these
items will be discussed in the following sections of this chapter.

2.3.

REPRESENTAT[ON AND CONCEPTUAL MODEL

As we deal with knowledge representation, the following questions must be
taken into account: What do we mean with representation and at what "level"
must we describe this knowledge that must be represented, i.e., what is a
faithful specification and what correspondence between the informal specification and the formal representation must be established? We do not intend to
give a full account of these problems, but restrict ourselves to some introductory remarks.
The first example is taken from measurement theory as applied in the
social sciences where the problem of representation is rather perspicuous. In
case of representational measurement we have a well-defined and well understood empirical relation system at our disposal as well as a numerical relation
system that "in a certain sense" corresponds with it. This phrase "in a certain
sense" is usually made precise by the mathematical notion of a homo- morphism, i.e., a mapping from the empirical system to the numerical system
which preserves the structure. Something is called measurable if such a homomorphism can be constructed. The following problems are usually considered
to be relevant.

1.

2.

3.
4.

Representation problem: What necessary and sufficient properties of the
empirical system are required to enable the construction of such a homomorphism?
Problem of unicity: Given a certain homomorphism (scale), to what extent
is this unique, i.e., what (for example, monotonic or linear) transformations are allowed?

Problem of ineaning: What meaningful interpreta[ions of the obtained
numerical values can be made?
Scale problem: If a suitable homomorphism is possible, how can this scale
be constructed?
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A well understood and sufficiently described empirical system serves as a
speciiication for the construction of the scale. Representational measurement
allows for a test of internal consistency since there is a full correspondence
between empirical and numerical systems. Now, in many cases in the social
sciences this representational measurement is not possible. We have no accurate description of the empirical system, the relations are far too complicated
or unknown, and the variables are too abstract or theoretical. In those cases,
"measurement" by applying indices is required. The "scale" usually comprises
some questions that are supposed to be related to the empirical system. These
indicator-variables only allow for "measurement by fiat"; there is no strict
correspondence between the formal and the informal system. Representational
measurement allows for a test of internal consistency, but here only predictability is available: a less theoretically motivated, but useful practical criterion.
However, as a result, there is the risk of underspecification: properties of the
empirical system are not represented in the numerical system, or the numerical
system appears to possess some properties which are not intended by the
empirical system.
Let us give a second example concerning representation, which deals with
linguistic specifications and which therefore comes closer to our problem of
representing commonsense: the design of an information system, let us say a
(deductive) relational database. Usually, an extensive information analysis
precedes the development of the system. We must interview users to identify
the universe of discourse, the relevant entities and their relations. We must
know what questions have to be answered by the database, and what inferences are desired. Or more generally, we must know its intended functional behavior. The users of the system are interviewed to get a picture of this intended functional behavior of the system. These endeavors result in specifications
that are often modeled by schemes or diagrams. However, some methodologies for the development of information systems explicitly require these specifications to be represented in natural language. So the (description of the)
empirical system comprises some sentences in natural language, and the propositions must represent the entities, the relations between the entities, the
deductive inferences that these premisses allow. The specification is completely determined by a set of premisses in natural language.
Note that this is all quite ordinary as long as we stay in the realm of classical logic with a well deiined domain, strict conditions of consistency (or
more generally integrity), and only deductive inferences, i.e. the intended
behavior is truth-preservation. Then indeed the intended behavior of the formal system can be described in structural terms. Knowledge of the propositional content is sufficient. A set of premisses like
A: -{tweety is a bird, all birdsfly}

could serve as a specification for a formal system or executable program. The
empirical system is known, the intended or desired behavior ( or inference) is
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evident. There is a clear correspondence between the informal natural language and the "translation" into first order predicate logic, just as Montague
intended. If we learn the additional set:
C: -{ all penquins are birds, penguins never fly, tweety is a penquin }
then A U C is inconsistent and no longer suitable as a specification. Since the
premiss "penguins never fly" is a hard exception (an exception that has no
exceptions itself) to the rule "all birds fly", the latter rule can be "repaired" by
a premiss like "if something is a bird and not a penguin, then it flies". Because of this clear correspondence between the informal and the formal level,
the set of premisses is basically a benchmark.
Note that for classical logic indeed a very famous representation-theorem
is available: the completeness theorem, which establishes the correspondence
between the "informal" domain and its relations on the one hand and the
formal system (axioms) on the other hand. The behavior, i.e. the intended
inference is truth preserving.
So, in conclusion, if the goal is truth-preservation, as in classical logic,
then we can specify "functional behavior" in structural terms. And therefore, a
set of sentences will usually suit as a proper specification. There is hardly any
risk of underspecification. We know exactly which inferences we do want and
which inferences we do not want, i.e. the empirical system is described properly. At the formal level, considering our remarks on logic of Chapter 1, the
consequence operation Cl that we presented in section 1.3.1, completely
determines the inferential apparatus of the logical system. It covers all our
ideas and intuitions on reasoning that we want to model! Now, this may all
seem rather trivial, but let's take a look at the following example.
B: -{Tweety is a bird, birds typically fly}
Here the situation is more difficult. Apart from the fact that these sentences do
not allow for a straightforward translation into first-order predicate logic, they
do not comprise or rather induce a natural type of intended inference. Trivially, if truth preservation is the goal in this example, then no (new) formula can
be derived. From that point of view, basically, B comprises merely two grammatical English sentences. There is no adequate description of the empirical
system; considered as a specification, it is a typical case of underspecification.
Now, there are situations imaginable where someone might be willing to make
an inference like "Tweety flies", just based on the information given in B. We
might characterize this by notions like "jumping to the conclusion", reasoning
with "generic" or "prototypical" information, "knowledge extension" or "ampliative" inference. But these notions are significant only as far as they denote
"non truth-preserving" or "non-deductive" inference in one way or another.
This does not help us any further. The intended behavior must be specified
explicítly and encoded on one way or another. It must be validated: "how
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long" or rather to what extent is this inference allowed? What do we want to
infer if information from C comes available as well.

C: -{ allpenguins are birds, penguins typically do notfly, tweety is a penguin }
Must the conclusion "Tweety flies" be withdrawn? But why exactly? And,
what if we learn D?

D:-{ Tweery is a red penguin, red penguins typically fly}
As we are interested in general principles of reasoning, let us abstract from
this particular example and try to make a first characterization of the ideas on
inference that underlie this example by giving the following informal specification of the desired behavior.
"Examples like the one we gave here refer to situations where we legitimately(1) want to make certain inferences, but are quite aware that once additional
information is available we no longer want to infer that conclusion, or are
even forced to withdraw it and perhaps even to legitimately(2) infer the opposite conclusion."
Now to begin with, it might be possible to convince a benevolent reader that
this description in some way "matches", "covers" or "applies to" the example.
However, taking into account our considerations on representation it is clear
that this description can hardly be a sufficient specification of the intended
behavior of a formal system that must represent this behavior. At least the
following questions -concerning the notions written in italics- must be answered: In what situation do we allow that risky inference? What ís legitimate(1)? What is an inference in this context? What do we mean by aware?
That we checked all information? Why not look further for this additional
information? What is additional? How is it encoded? How does it become
available? How does our notion of legitimately(1) account for this withdrawal?
How can this withdrawing be encoded in the system? How does legitimately(2)
relate to legitimately(1)?
Let us try to summarize our considerations on (the level of) specification
and representation, by making the following two remarks.
Remark 1.
First, we see that an idea of inference such as prototypical inference, which is
just a little more sophisticated than mere truth-preservation (but still very
trivial), already induces a very complicated "empirical system", the intended
behavior of which is not directly clear. It cannot be specified by a mere set of
premisses (underspecification). Neither can these premisses serve as benchmarks. We must represent the "empirical system" at a higher level; for example, by identifying and giving shape to the four parameters.
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Of course linguistic information must underlie the formalism, and therefore it is important in a specification, but as it is the intended functional behavior that matters, linguistic information is not just a matter of specifying
propositional content, but applying a functional theory of language use as
well! A premiss like "typically birds fly" demands such a theory to be meaningful.
In Chapter 3 it is argued that much work in non-monotonic logic departs
from entirely different ideas on representation. It stipulates a correspondence
between some sentences in natural language and the formalism; they can serve
as a specification of this formalism. In Chapter 3 it is argued that specifying
functional behavior in this way only works in trivial extensions of classical
logic, like negation-as-failure, as it arises in straightforward applications in
databases or logic programming; situations where the withdrawal or retraction
of conclusions occurs at the most one single time.
Remark 2.
The second statement deals with the formalism and is even more important.
What are the consequences at the formal level, considering our remarks on
logic in Chapter 1 and our departure from the "logic-based" approach to commonsense? Is Cl no longer suitable and must we apply the generalized notion
of a consequence relation, we presented in section 1.3.1? As the inferential
apparatus of the logic must "represent" the intended inferences, we believe it
is questionable whether this can be modelled properly by (generalized) consequence relations. To model the "empirical system" properly other methods are
required. As we stated before in Chapter 1, an inferential apparatus will have
to be adopted, that takes more parameters into account.
Putting forward these ideas for consideration, we still want to commit
ourselves to the standpoint that commonsense can be modelled qualitatively by
a logical system. However, we believe that in giving shape to an inferential
apparatus of a logic, we must go beyond (generalized) consequence relations.
We also believe, that in doing this, we must look for and consign ourselves to
an approach to logic that emerges from an entirely different tradition.

2.4.

SOME ASPECTS OF RATIONALITY

Our first commitment is that theories of reasoning always make some implicit
or explicit assumptions of rationality. This multi-dimensional concept may be
very complex from a philosophical point of view; nevertheless an approach of
inference that neglects it is hardly imaginable. Some approaches refer to rational actors, others depart from concepts of rational belief, referring to mental
states. Sometimes the notion refers to rational decision, or other types of
rational behavior. Sometimes it is a rather idealistic notion (as in classical
epistemic logic) or formalized (like in neo-classical economics), sometimes it
takes all kinds of limitations of human beings into account. Be that as it may,
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the assumptions of rationality underlying a theory must be made explicit because they may determine what is a useful approach, what is a relevant problem, and what counts as a solution or result. Avoiding the extensive philosophical literature on the subject matter, we restrict ourselves here to only
those approaches and "aspects" which turn out to be relevant to our purposes.
In this chapter, we first briefly sketch the way in which the notion gets shape
in decision theory, then its role in argumentation theory, and finally its role
and significance in a distributed environment.
Obviously, the concept raises two questions, which will have to be answered successively in Chapters 3 and 4. First, what concept of rationality
underlies the logic-based research in AI? And secondly, what concept do we
adopt in our conceptual model?

2.4.1. Rationality in decision theory
In [Abelson, Levi, 1985] four perspectives on rationality are given. They all
make far-reaching assumptions about human cognition, its functionality and
maladaptiveness, and its ability to perform complex reasoning tasks. These are
assumptions that greatly influence research goals. In fact, these four categories
are not completely mutually exclusive, but they indicate several different ideas
or startingpoints that underlie research and give shape to it. In Chapter 4 we
will discuss their relevance in developing a conceptual model.

"A Corrigible Rationalist"
According to this approach, human beings are perfectly equipped for performing reasoning tasks in accordance with classical normative standards. Suboptimal choice behavior, fallacies, improper use of Bayes' theorem or other disruptions can be avoided by proper training and education; training in statistical
and argumentative skills, not only at school, but aiso for specialists in a professional environment. This "point of view" has a long tradition in decision
theory. In 1967 an important paper "Man as an intuitive statistician" appeared,
written by [Peterson, Beach, 1967]. Studying experimental literature the authors conclude that probability theory and statistics are perfectly suitable as a
norm for the quality of intuitive statistical inferences performed by human
beings. There are slight deviations, but training in the formal techniques will
correct this. In the seventies this promising point of view met strong opposition, especially from the bias and heuristics approach of Kahneman and
Tversky. However, more recent and better performed research from the eighties, including [Nisbett, Kratz, 1982] and [Fong, Nisbett, 1991] do report very
positive effects of training. The idea that man is a corrigible rationalist underlies much research that intends to improve reasoning skills; indeed if human
beings are equipped with a competence to apply these formal techniques, it
might be interesting and justifiable to train them in order to obtain better
performance in reasoning and decision making.
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"Bounded Rationalist"
This concept, launched by [Simon, 1955] is perhaps the most well-known. It
states that human beings typically do not always want to make an optimal
choice, but one that satisfies certain requirements. A full "cost-benefit" analysis is not always necessary, once it is obvious that certain standards have
already been met. Cognitive limitations, time pressure and increasing costs
may justify the use of all kinds of imperfect techniques. Nevertheless, this
concept of rationality does not necessarily stress real cognitive deficiencies,
but it defends suboptimal reasoning or choice behavior from a practical point
of view. Sometimes it is quite unnecessary to try to find the best or optimal
solution. Sometimes it is impossible in case of ill-structured decision problems, where probability and utility are not properly specified. Then, this idea
of rationality is very useful: rigid decision rules like maximin, minimax-regret
or the lexicographic model can be applied; they are not optimal but satisficing,
which is a rather pragmatic criterion. This point of view may seem attractive,
but the by now classical objection to this notion of bounded rationality is that
it is not sufficiently distinctive: how can we distinguish justified suboptimal
behavior from plain mistakes or fallacies?
"The Error-Prone Intuitive scientist"
This concept of rationality is less optimistic. People are not capable of performing reasoning tasks in accordance with classical models. There is no such
thing as an intuitive idea of statistics, that matches the concepts underlying the
formalisms. Especially the "bias and heuristics" approach of Kahneman and
Tversky and their proposed models, matches this concept of rationality. Or
perhaps it is more correct to state that they inspired or rather encouraged other
researchers to depart from this view on rationality. Researchers adopting this
notion will study heuristics or rules of thumb and non-compensatory rules for
decision-making, rather than applying sound probabilistic techniques and
compensatory techniques like subjective expected utility. [Nisbett, Ross, 1980]
explicitly contend that proper inference is often "compromised by specific
inferential shortcomings". People make vague attempts being rational, but fail
once the situation becomes complicated or subtle. Unsurprisingly, Kahneman
and Tversky and others as well, were subjected to severe methodological
criticism, especially concerning the ecological validity of their experiments and
the poor theoretical status of the proposed heuristics as explanations for deviations of the classical norms. It goes without saying that this idea of rationality
determines research on decision-making to a considerable extent.
"A Slave to Motivational Forces "
According to this position the "major cause of irrationality, when it occurs, is
that people fall into the grip of emotional or motivational forces they cannot or
will not control". People are victims of motivational and external circumstances, especially in groups. They suffer from cognitive stress, they require social
acceptance, enhancement of self-esteem and avoidance of anxiety.
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Apart from the fact that it often is very difficult to decide whether something is a cognitive effect or a motivational one, this idea of motivated irrationality certainly is intuitively appealing. In particular, much research that primarily deals with explanation of decision making, is motivated by this point of
view. A few examples will be given in section 2.4. In my opinion, this approach is important for the question to what extent reasoning tasks can best be
performed in a group. Clearly, models for reasoning in a distributed environment will require strong procedures that eliminate the influence of these problematic factors.

2.4.2. Rationality in argumentation
As we stated before, a concept of rationality underlies research in modern
argumentation theory as well. Just as the four types of rationality of [Abelson,
Levi, 1985] give rise to different approaches to human decision-making, different ideas on rationality in argument may give rise to divergent approaches
in that area. For example, theoretical contributions intended for the provision
of a definition of (aspects of) pragmatic validity, to a certain depend on a
specific idea of rationality. In Chapter 4 this item will be scrutinized more
thoroughly. Here, we restrict ourselves to a brief outline of three main conceptions of rationality distinguished by [Toulmin, 1976]. These distinctions
may serve as a background for the discussion of some contributions to argumentation theory, we elaborate on in Chapter 4. According to Toulmin, there
are three major philosophical traditions that induce different concepts of rationality in the theory of argumentation.
First, there is a"formal" or "logical" tradition, originating in Plato, that
induces a geometrical concept of rationality. This geometrical approach relies
heavily on formal logic. Arguments are regarded as rationally acceptable only
if they start from true or certain premisses that necessarily lead to true or
certain conclusions. This entails that the points of departure of valid argumentation must be indisputable and the arguments must be laid out in a formally
valid, i.e. truth-preserving way.
Secondly, Toulmin identifies an "empirical" tradition, that takes shape in
an anthropological concept of rationality. Roughly speaking, this anthropological approach takes the rationality conception of a specific community as its
starting point and bases its judgments on empirical evidence. Argumentation
will then be regarded as valid, if it matches with the standards of reasoning
sanctioned by the community concerned. One clear example of research that is
based on this notion is the work of Perelman and the new rhetorical tradition.
Thirdly and finally, Toulmin adopts a"critical" or "transcendental" tradition, that finds expression in a critical approach, equating rationality with the
functionality of the argumentative procedures used for achieving a well-defined
goal for which they are designed. A"rational judge", taking this position, will
find argumentation acceptable only if it appears to be suitable for achieving a
well-defined aim. In practice, of course, various elements from different approaches can be combined in a single conception of rationality; they are not
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entirely mutually exclusive. For example, a commitment to the critical tradition does not imply that specific logical or empirical assumptions have to be
left aside entirely. A rational judge represents an authority to which the evaluation of argumentation is assigned. It is questionable whether this authority
should consist of an existent person or group of people or should remain an
abstract ideal. If the authority is a person or group, it is assumed that the
assessors are capable of setting aside their own prejudices, interests, etc. If the
judge is an abstract ideal, it is assumed that a normative construct can be
developed that is suited for the task of making "optimum judgments". Obviously this abstract ideal is not self-evident or uncontroversial. It is important
to realize that such a rational judge can take various contours; as we will see
in Chapter 6, especially in a distributed environment this has to be modelled
properly, in a mathematically precise, i.e. declarative way.

2.4.3. Distributed rationality
Given our research aim, it might be useful to devote a special section to the
implications of a distributed environment for a notion of rationality. In a
distributed environment the concept of rationality is more complicated. To
begin with, it demands mutual awareness and joint activity as well, which
drastically extends the concept. These characterizations are taken from
[Eemeren, Grootendorst, 1993] as a specific way to give shape to the principle
of cooperation of Grice. It will be discussed in Chapter 4, but it already is
briefly mentioned in this section on rationality.
First, actors should at least be aware of the presence of the other, furthermore, they should recognize and acknowledge that they can all affect or injluence the reasoning process and the outcome of it. They should also acknowledge that they have special obligations with respect to these other agents. Even
more compelling is the idea of joint activity. Awareness of the presence of the
other is not enough. There must be some consensus on some overall goal, that
exceeds the in itself quite legitimate individual aims, and consensus on the
applied rules and procedures that guarantee or at least encourage the overall
goal to be reached.
Clearly, research performed in game theory and the theory of social
choice in some way, must deal with this type of distributed or collective rationality; we will discuss this briefly in Chapter 6. But, obviously argumentation
theory, usually interested in dialogical reasoning, has to deal with it as well.
In fact, the notion of conventional or intersubjective validity is one important
aspect here, which relates directly to these ideas on mutual awareness and
joint activity. In Chapter 4, we shall discuss this item in more detail.

2.5.

DESCRIPTION AND EXPLANATION

Obviously the relation description-explanation is both canonical and complicated. However, it will be treated here in a straightforward way, as the commit-
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ment we are willing to make follows directly from our considerations on
representation. On the one hand, it goes without saying that a theory of commonsense must have a descriptive level; it must distinguish or enumerate some
(properties of) types of inference that arise in a certain domain.
Therefore, it must be rooted somehow in empirical research, whether
based on laboratory experiments, survey interviews, field-research or careful
analysis of discourse or conversation analysis. On the other hand, we are
usually not interested in a mere extensive enumeration of patterns of reasoning. We need a higher or more general account: a theory of reasoning that at
least generalizes or categorizes these patterns, or even better, that explains
performed inferences or perhaps predicts future inferences. Perhaps even a
general theory about the structure of cognition or a functional theory of argumentation in discourse. Since resource bounded inference refers explicitly to
social, functional and environmental parameters, ideally such a theory accounts for their significance and influence as well. As we stated before in
Chapter 1, this general account can also to a certain extent precede the research. It can be based on previous empirical research, but it may contain all
kinds of speculative or methodological assumptions. And, as we saw in the
previous section, ideas on rationality may already provide part of the desired
"explanation".
We are quite aware that a more global and indefinite characterization of
the problem is hardly imaginable, but it suffices for our aims: to stress the
importance of the level of specification of the empirical system. And -similar
to the "parameter" of rationality- it leaves two questions that have to be answered in this study. Firstly, at what level of abstraction does logic based AIresearch model inference? How does it cope with this distinction between
description and explanation? Second, how do we deal with it in our own approach? A few examples taken from argumentation theory and decision theory
may illuminate this aspect.

Situation in decision theory

It goes without saying that we cannot give a full-fledged account of work in
this field, whether descriptive or not. We restrict ourselves to a few assumptions and results that will appear to be relevant for our purposes, and especially to approaches that provide general accounts of decision-making that take
limited resources into account. Given the presented notions of rationality, it is
hardly surprising that diverging influential approaches were launched, to account for decision behavior.
[Montgomery, 1989] presents the idea of "dominance search". The author
argues that in complex decision situations people explicitly search for a dominance structure, i.e., in reducing complexity they manipulate the available
information in order to obtain a dominant strategy. An alternative is dominant
if it is as least as good as the other alternatives on every attribute. Complex
multi-attribute techniques are no longer needed.
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In [Janis, Mann, 1977] the authors analyze how information that could
improve a discussion is actually ignored or overlooked. Their main idea is that
decision-makers always suffer from social and cognitive stress. They especially emphasize the phenomena of defensive avoidance and hypervigilance. Unavoidably, these factors determine the process of reasoning.
Especially in a distributed environment "groupthink" and other undesirable
phenomena appear. Their pessimistic ideas on "motivated irrationality", are a
clear illumination of the beforementioned approach to rationality that considers
man to be a slave to motivational forces.
In [Kahneman, Tversky, 1982] it is shown that people use heuristics even
if the situation is complete and well-defined; in complex decision situations
people are forced to apply heuristics, rather than sound combination rules that
take all available information into account. The heuristic of "representativity"
states that in assigning probability, people focus on prototypical features of an
event. All too easily they assume samples to be representative for the population from which they are drawn. The "availability" heuristic states that things
that can easily be remembered receive a high probability. The "anchorage and
adjustment heuristic" is based on the idea that human beings use an initial
value in assigning probability. They quickly jump to a certain conclusion and
subsequently adapt this conclusion to information that is taken into account
later. A variety of fallacies can be "explained" by these three rules, including
well-known fallacies like the base-rate fallacy and the conjunction effect.
A last example concerns decision quality. In [Timmermans, 1989] it is
shown that the qualiry of a decision is multidimensional; the decision procedure must be perceived as consistent, it must be manageable and practical,
there must be confidence in the proposed choice and their must be faith in the
applied procedure. So anyone concerned with developing a better model of
decision making, will have to take these parameters into account; an unrestrained dedication to one of them may damage the other. This might be a
rather unsurprising insight in cognitive science. However, we believe its significance cannot be overestimated for those which are engaged in logical
models for commonsense and are still trying to model reasonable inferences by
the unidimensional notion of logical validity.
All these approaches have in common that they make clear how this notion of
resource-bounded inference can get shape. Given our idea of a description of
the empirical system, they are a clear example of how specifications can be
lífted to a higher level and of how goals, environment, representation and
complexity of the problem influence the outcome. Thus they can help to constitute a picture or at least a silhouette of an actor that is more realistic than
the (neo-classical) idea of man as expected utility maximizer; a picture that
cannot be neglected by anyone who seriously tries to model common sense.

The situation in argumentation theory
Since the discipline studies argument as it actually appears in ordinary language in ordinary discourse, descriptive research plays an importani role. A
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clear example of descriptive research in the early days of the field is the work
of [Perelman, 1958] on rhetorics. Following their discussion regarding the
point of departure of argumentation, Perelman and Olbrechts-Tyteca consider
a number of argumentation schemes. Their survey of the argumentation
schemes that prove effective in practice comprises a typology of sorts of argumentation that can be used to make theses (more) acceptable. Nowadays,
different types of descriptive research are conducted, including divergent
approaches such as [Willard, 1989] and for example [Gallhofer, Saris, 1989].
The former develops a"relativistic", descriptive approach to social epistemics;
the latter apply a certain kínd of content analysis, based on analyzing interviews and papers, thus trying to detect or reconstruct the decision tree that has
been used.
Since we shall deal with these problems more extensively in Chapter 4,
we restrict ourselves here to one -in my opinion- clear and recent example of
how strong methodological and theoretical assumptions underlie empirical
research, resulting in a general theory of argumentative resource-bounded
reasoning, i.e., an account of reasoning, that is fully based on constructing
and weighing arguments, and which has clear methodological, cognitive and
developmental psychological implications.
In "The skílls of argument", [Kuhn, 1991] presents the results of an extensive empirical study of what she calls "informal", or more specifically, "argumentative" reasoning. Her main concern is to investigate to what extent a
process of "reasoned argument" underlies the beliefs people hold or the opinions they espouse. The author intends to "offer a theoretical framework for
conceptualizing and studying reasoning as argument" . A framework, which
according to Kuhn, deviates strongly from the majority of current research on
reasoning in the social sciences. As a major result of her research, the author
concludes that the ability to perform these "argumentative" reasoning tasks, is
hardly related to sex or age, but depends largely on education level. According to Kuhn, school seems to be the most appropriate and adequate social
environment to improve and develop the beforementioned reasoning skills.
Indeed, the Skills of Argument is not just a case study in the field of
developmental psychology, but it intends to be a far-reaching and fundamental
study. It is far-reaching in the sense that Kuhn claims its significance for many
of the canonical disciplines concerned with reasoning: philosophy, cognitive
and developmental psychology, but also for linguistics and more specifically
for everyone concerned with "argumentative discourse" . It is fundamental in
the sense that her approach shows a strong dissatisfaction with the majority of
current empirical research on reasoning. Kuhn endeavors to overcome their
deficiencies by offering an inventive framework, treating reasoning as argument.
Of course, we primarily focus on both Kuhns methodological and argumentation-theoretical assumptions and ideas here, rather than discussing the (in
itself quite important) developmental psychological results. Kuhn's ideas of
reasoning greatly determine her entire research design.
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Kuhn has produced a considerable number of empirical studies in the field
of developmental psychology about "real-world" reasoning throughout the lifespan. Nevertheless, she shows a strong dissatisfaction with the empirical research of her colleagues, especially with current theories and models on intelligence and real-world reasoning, as they have been developed by psychologists and philosophers. Kuhn's main contention is that the "real-world" inference that human beings typically perform, is a process of constructing and
weighing positive and negative evidence for certain points of view.
The beforementioned disciplines are criticized for neglecting this. Consequently, little progress has been achieved in developing "realistic" concepts of
intelligence and reasoning, despite the serious efforts that have been made and
despite numerous ideas which have been adopted from diverging fields, including decision theory, psychometrics and information processing. Philosophers, too long, exercised themselves in classical deductive logic as the main
model of reasoning. Psychologists, on the other hand, especially cognitive
psychologists, usually and erroneously identified reasoning with problemsolving. They primarily focussed on "well-structured" problems, whereas the
reasoning tasks human agents have to perform are intrinsically "ill-structured":
there is no well-defined problem, neither an optimum strategy, nor a definite
solution. And, here we arrive at another fundamental objection raised by
Kuhn: so far, there has been a strong tendency in the majority of empirical
studies to focus on reasoning tasks people perform in a"work-related environment". This must to be avoided. The type of "higher order" reasoning that we
really try to capture, -the ability to perform "reasoned argument"- can best be
shown in discussing social items which everyone has an opinion about. In such
a"non work related" environment we can really try to determine not just how
people think, but also why they do so.
It surprises Kuhn that huge amounts of money in social (opinion) research
are spent on determining what people believe, rather than why they do so. The
underlying principles remain implicit, and opinions and attitudes have usually
been conceived just as a point on an unidimensional continuum, not as theoretical constructs with many unknown and undiscovered dimensions.
In order to overcome these deficiencies an argumentative framework is required. Two assumptions both underlie her framework and serve as a justification for her research design. First and foremost, Kuhn distinguishes and subsequently identifies two "traditional" types of argument: rhetorical argument, "a
kind of reasoning aimed at demonstrating the truth or falsehood of something"
and dialectical argument, which arises when two people hold opposing views.
Kuhn argues that both types entail the same cognitive skills and can therefore be identified, which enables her to explore the less observable rhetorical
argument as "interiorized dialogic argument".
The second claim of Kuhn is that competent argumentative reasoning
primarily requires the ability to reflect on one's own thinking as an object of
thought.
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Kuhn's experiment is an extensive interview conducted with 640 participants,
ranging in age from early adolescence to late adulthood. Participants were
asked to give their opinion on complex social problems like unemployment
and crime. Roughly speaking, it comprises the following parts. First, participants were confronted with three main questions: 1) What causes prisoners to
return to crime after they are released? 2) What causes children to fail at
school? 3) What causes unemployment? Then, "following the framework of
dialogic argument" the participants were asked to give the ideas and beliefs
behind their claims. The interview team encouraged them strongly to develop
both "causal theories" and to supply "supporting evidence" . But also "counterarguments", "rebuttals" and "alternative theories" were called for. Besides the
participants were asked to reflect upon their opinions again.
Next, the recorded and transcribed versions of the interview were analyzed by a team, which included Kuhn. The answers of the participants were
categorized, following a specific coding procedure. A taxonomy of several
more or less satisfying "types" or "categories" of evidence, counterarguments
and rebuttals, was developed by Kuhn. For example, she distinguishes several
types of genuine evidence, that is "not conclusive, compelling, or even necessarily very convincing evidence". Less desirable is pseudo-evidence , which is
nothing but a script or scenario, "depicting how a phenomenon might occur".
It cannot be distinguished from the theory it purports to support.

Finally, the obtained data were analyzed statistically (chi-square analysis).
As we stated before, we are not interested in these results in the first place.
Although several objections to her entire approach can be put forward, Kuhn
provides us with a general and interesting account of argument as a model for
resource-bounded inference. Thus she applies a method that, as we stated
before, is still unusual in work performed in the defeasible reasoning community. Nevertheless, we do not adopt her insights in our own conceptual model.

2.6.

NORMATIVE AND DESCRIPTIVE DISTINCTION

Perhaps this parameter is the most important. Much research in resourcebounded inference starts with a dissatisfaction with classical normative standards. The question is of course: what alternatives are available? Descriptive
research is important but a theory of commonsense must in some way address
correctness, validity or plausibility of conclusions as well. In fact, the notions
of rationality we presented in section 2.4 already confront us with this problem.
Both in argumentation theory and in decision theory concern with this item
caused a very strong interest in fallacies as deviations from a norm. Or more
generally, a plain interest in things that might go wrong in reasoning. In argumentation theory the study of fallacies, especially after a new impulse given
by [Hamblin, 1970], has recently become a main topic. In decision theory the
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situation is even more remarkable. The bias and heuristics approach of
[Tversky, Kahneman, 1982] invoked numerous experiments that showed what
mistakes were made. Now apart from the fact that, according to the opponents, many experiments seemed to be developed specifically to invoke the
mistakes, also a"citation-bias" in the literature appeared. Studies reporting
failures, mistakes and deviations in reasoning, received much more attention
than experiments that showed that people sometimes manage quite well in
performing complicated decision tasks. [Christensen, Beach, 1984]. All in all,
it is a clear example that shows how an underlying (pessimistic) concept of
rationality can influence the research.
Currently, several studies appear that are neither based unilaterally on
normative ideals nor merely concerned with observation. As both in themselves legitimate traditions have their limitations, systematic attempts for
unification might overcome them. For these ideas in decision theory, see for
instance [Bell, Raiffa,
1988] .
In argumentation
theory
[Eemeren,
Grootendorst, 1993] is a recent example of a research-program, where normative and descriptive approaches are so closely interwoven that they become
integrated.
Similar to the distinction of section 2.5 we raise two questions: how does
logical research as conducted in AI deal with this normative standard? And
secondly, how do we account for it in our conceptual model?

2.7.

PRODUCT VERSUS PROCESS DISTINCTION

Our treatment of this aspect is rather straightforward as well. Must a theory of
inference be modelled in structural or in procedural terms? Some approaches
are primarily interested in the result of a reasoning process; reasoning is an
input-output process that is to be described declaratively in structural terms.
Others try to model the process itself. In Argumentation theory there is a
strong product-process distinction. Traditionally, logical approaches tend to
focus on argument as a product, rhetorical and dialectical approaches are
mainly interested in the procedure. But, as we will see in Chapter 4, attempts
to integrate both are manifest as well.
Also in decision theory the distinction is noticeable. Process-models try to
model or reconstruct the process of decision making. A well-known approach
is process-tracing [Svenson, 1979]. On the other hand, in structural models
the process of reasoning is just a blackbox. The main intention is to relate the
conclusion to the information-states of the alternatives. Nevertheless, their
predictive validity is often excellent [Slovic, 1971]. Linear regression is a
canonical example. In this discipline attempts to integrate both appear to be
relevant too, for example [Einhorn, 1979].
Unsurprisingly, two questions are relevant here as well. What approaches
with respect to this product-process distinction can be found in the logical
literature in AI? The second question concerns our own approach in the conceptual model. What type of model is to be preferred?
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Chapter 3. Logic and commonsense

3.1.

INTRODUCTION

In this Chapter attention is focussed on the role of logic in modelling commonsense. In our focus of research in Chapter 1, we stated that the relation between logic and commonsense raises some important questions. What role can
logic play as a, or rather, the model or framework for commonsense reasoning
in AI? Can these inferences be modelled by logical tools or are numerical
techniques like Baysean statistics more useful? The second question comes
from logic. Given the idea that logic should be used as a knowledge representation language, what adjustments or modifications to classical logic are required for this purpose?
In order to answer the first question, section 3.2 first provides a few
comments on the problematic concept of commonsense in AI. Then, section
3.3 focusses on a number of alternative, non-logical approaches in AI, which
gave rise to some classical debates. Unavoidably, these controversies cannot
be sketched in full detail; we only intend to give an impression of the main
arguments in favor of or against the application of logic.
However, the second question is even more complicated and demands
more severe restrictions. To begin with, section 3.4 pays attention to nonmonotonic logic for two reasons. First, there is the important role of these
logics as they have been especially developed to deal with problems that arise
in AI. Secondly, these logics already depict from a traditional point of view a
very strong, perhaps even extreme deviation from classical logic, and as a
result they invoke new discussions about the role and scope of logic. However, it must be emphasized that an overview of this very broad and in itself
important area of research is not given here. As indicated in the previous
chapters, for our purposes, we primarily have to deal with the underlying
ideas of non-monotonic logic, the patterns of inference that can be identified,
the notion of commonsense that has been adopted and the perspective on logic.
Given our goals, we are more interested in the criticism on non-monotonic
logic, as developed by the defeasible reasoning community. Our own approach
emerges from the perspective on logic that defeasible reasoning adopts. Sections 3.5 and 3.6 deal with this criticism.
Nevertheless, it is argued, that in a certain sense, we should take a further
step. In this chapter, this will be done by confronting non-monotonic logic and
defeasible reasoning with a different approach to, or rather tradition in, logic
as outlined by [Barth, 1985, 1987]. This will be done in section 3.7. The
consequences of adhering to this perspective on logic will be made clear in our
conceptual model as it is developed in the next chapter.
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3.2.

COMMONSENSE IN AI

As stated in Chapter 1, the idea of formalizing "commonsense" reasoning is
the main motivation for developing many new and challenging formalisms in
AI. But we also contended that this notion of commonsense is not always welldefined and this criticism relates particularly to AI. From the beginning, the
concept of commonsense gave rise to controversies. In his early paper "Programs with commonsense" [McCarthy, 1968] stated that "a program has common sense if it automatically deduces for itself a sufficiently wide class of
immediate consequences of anything it is told and what it already knows" . As
he stated further in his paper, he wanted to capture these inferences by implementing a sufficiently rich logical language. His ultimate objective was "to
make programs that learn from their experience as effectively as humans do" .
The paper was immediately followed by a comment by Y. Bar-Hillel, who
initiated a polemic by severely attacking McCarthy and contending that his
remarks were just "half-baked ideas" . It was by no means clear what kind of
inferences, McCarthy actually intended. Moreover, his contentions and allusions to human inference, could easily be misinterpreted, suggesting mentalistic claims, i.e., inference-procedures which were really in accordance with
the way the human mind determines the inferences people perform. Ironically,
it was McCarthy who advocated in the famous debate with Minsky, some
years later, the point of view that AI was just an "engineering science", which
should stick to developing decent computerprograms and refrain from mentalistic claims.
Throughout the years different proposals have been made to approach or
rather develop this kind of knowledge, so desperately needed in AI. One
remarkable attempt involved the proposal to oppose commonsense knowledge
to scientific knowledge. This idea can be found in a well established field in
AI, qualitative reasoning. In his "The Naive Physics Manifesto" [Hayes,
1979] attacked the emphasis of AI-research on classical toy problems, arising
in toy worlds, which dominated, and to a certain extent still dominate AI. He
urged researchers to build large scale formalizations of our knowledge of the
everyday world. In other words, they were to represent our naive physics,
rather than constantly developing artificial axiomatizations for trivial problems
with blocks and cubes.
While, basically the "ordinary" knowledge of virtually every well-defined
area in science could be the starting-point, qualitative or naive physics seems
the most well-known example. The fact that people do have intuitions about
such concepts as motion, acceleration, speed, and mass, and more importantly, the fact that they are able to reason about ihem without solving differential
equations, inspired many researchers to formalize this qualitative knowledge.
Analogously, intuitive economics and other disciplines could be suggested.
Given our position as sketched in Chapter 2, this criticism certainly makes
a vital point by attacking toy problems as the underlying motivation for, or
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rather "level of specification" in, developing formalisms. Problems that are
modeled and studied in isolation, should likewise function as a touchstone or
benchmark for the formalism!
However, it is questionable whether the solution can be found by considering man as an "intuitive" physician, economist or meteorologist, and by proclaiming that knowledge should be taken as a model for formal systems in AI.
Indeed, there are intuitions about some of the physical concepts, and indeed
most people seem to manage alright without any specific knowledge of classical mechanics. But it is also well known, that in "hard" cases people run into
trouble if they are not equipped with this knowledge of classical mechanics.
Famous experiments may seem very counterintuitive and people often act quite
fallaciously and derive conclusions which are prohibited by physical laws, if
they are not properly trained in that discipline. But, more importantly, leaving
the beforementioned sciences aside, and restricting ourselves to disciplines
which are primarily concerned with reasoning, like logic and statistics, the
optimistic image of human beings as "intuitive logician" and "intuitive statistician", is also problematic, given the previously mentioned research in cognitive psychology.
Therefore, neither an identification of commonsense with "mentalistic" theories, nor a definition which is positioned opposite to "scientiiic" knowledge
seems convincing. The current situation is not clear. In AI the notion of commonsense usually serves as a garb for all kinds of more or less lucid concepts
such as plausible reasoning, possibilistic reasoning, default-reasoning, nonmonotonic reasoning, and so on. Concepts which often overlap, are considered
to be synonymous or complementary and are frequently even less well-defined
than the notion of commonsense. Furthermore, it is important to note that, if
this notion arises in AI, it usually refers to a context in which formalization
and mechanization of reasoning is intended. Thus, commonsense usually is
mentioned when formalization of commonsense is meant! But, of course, the
question rernains which kind of inferences, underlying the concept, we really
try to capture. Can we identify certain types of inference (those in accordance
with commonsense), which can be distinguished from other types of inference,
(which are not or less in accordance with commonsense), without referring to
the process of formalization or to the existing formalisms?
Unfortunately, this is not the case. In my opinion, the notion primarily
denotes "deficiencies" of classical models and the need to deviate from them;
it does not identify well-distinguished types of inference or a general account
of reasoning. In Chapter 1 it was stated that the concept usually refers to
reasoning as performed in everyday life, under realistic circumstances in a
concrete environment. It has to deal with all kinds of constraints and limitations, including far-from-perfect knowledge: inconsistent, uncertain, incomplete or weakly defined data.
Now, for a benevolent reader, these concepts may have some intuitive
appeal and refer to directly observable, rather self-evident properties of reason-
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ing. Of course, reasoning is defeasible in the sense that there are situations
imaginable in which a rational actor withdraws a conclusion once faced with
new information. And indeed, we must make inferences with inconsistent data,
in the sense that there are situations imaginable in which conflicting evidence
is available. In truth however, these notions must be interpreted. And what
matters at this point, is the way this is achieved in AI. Notions like defeasible,
inconsistent, uncertain, incomplete, and weakly defined information all receive
their significance, their meaning, by referring to (properties) of classical formal models and standards. They do not refer to some account of inference that
is independent of these formal methods!
Consider the feature of defeasibility. The directly observable and unsurprising fact that intelligent people must be able to withdraw conclusions once
faced with additional information is identified or at least connected with the
property of non-monotonicity; classical logic is insufficient for modelling
commonsense because of the monotonicity of its consequence-relation. A
second example concerns reasoning with inconsistent information. The evident
fact that people sometimes have to deal with inconsistent information is hardly
to be considered a deep insight into the nature of inference. Because inconsistencies that arise in classical logic at the formal level cause the derivation of
the falsum, it is argued that classical logic is inappropriate.
Now apart from the question whether or not this identification or connection is appropriate, the fact that these notions like incomplete and uncertain
knowledge are mainly determined negatively does not provide us with a sufficient specification of intended behavior or to put it differently, with a sufficient description of the empirical system. It can only be considered as a very
first, preliminary step towards such a description; it is hardly sufficiently
distinctive. Even if we restrict ourselves to logical approaches, many of the
extensions of classical logic like intensional or modal logic (epistemic, deontic,
dynamic, tense) or relevant and paraconsistent logics are in one way or another dealing with commonsense.
So the question remains: How can the empirical system really be properly
represented? To answer this question, section 3.3 takes nonmonotonic logic
into account, since dropping the property of monotonicity is a stronger deviation from classical logic than the previously mentioned logics display. Furthermore, in non-monotonic logic, both the motivation to deviate from classical
logic as well as the ideas on the representation of the empirical system are
rather straightforward. However, first we must pay attention to the role logic
can play in modelling this notion of commonsense.

3.3.

LOGIC AND KNOWLEDGE REPRESENTATION

The question of what role logic can or could play in AI can be considered as
canonical because it has received attention since the rise of AI and it remains a
main topic today. Due to the fact that AI is a highly interdisciplinary area of
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research, where cognitive psychologist, logicians, computer-scientists, and
philosophers meet, diverging reactions and answers from several corners can
be expected.

On the one hand, since the beginning of AI, logic has generally been
considered to play an important role on epistemic, computational and psychological grounds. On the other hand, its importance has been constantly challenged on the same grounds as well. Thus, some classical controversies in AI
arose and in many major disputes in AI the significance of logic plays a distinguished role. It is not our intention to give a fully detailed analysis of these
debates. However, some general and to a certain extent, historical remarks
must be made here. The main reason is that, today some important theoretical
discussions involving the role of logic, are also rooted in these controversies.
They deeply influence our view of logic as the science of reasoning. For
example the "broadened" view of logic we presented in section 1.3.1 cannot
be understood properly without some reference to those debates. Also, some
of the assumptions we make in our own approach are inevitably related to, or
based on, these debates.

3.3.1. A few controversies

The role of logic in formalizing commonsense is illustrated here by taking into
account the following issues or rather controversies. Most of them are closely
related, overlap, or even partly coincide. However, we treat them separately
because they arose at different times and usually different disciplines were
involved. Inevitably, many nuances and implications in these debates must be
neglected here. Our presentation gives a mere impression of the criticism the
logic-based approach is faced with.
Declarativism versus Proceduralism ( or logicians versus programmers)
This controversy is nothing but a clear example of the product-process distinction we discussed in the preceding chapter. It concerns the way knowledge is
represented in a program, and, roughly speaking, it is based on the old distinction between knowing that and knowing how. According to the "proceduralists", human knowledge is essentially "knowing how"; the knowledge of an
agent in a certain domain can be identified with the procedures he uses in
solving problems in that particular domain. Consequently, in building computerprograms that "capture" knowledge, we must represent this by writing a set
of procedures, each of which contains a piece of the knowledge. Declarativists, on the other hand, contend that knowledge, is essentially " knowing
that" . People know facts in the sense that they know whether statements about
these facts are true or false. This knowledge should be represented declaratively, rather than be embedded in a procedure of a computer program.
Given the fact that classical logic has a well-defined declarative, i.e.,
model-theoretic semantics, this second point of view was often identified with
the logical approach. Pioneering work by Robinson and Kowalski led to important contributions which undoubtedly favored the use of logic. The contro-
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versy was activated by problems concerning the so-called "General Purpose"theorem provers for first-order logic. The General Problem Solving approach
developed by Newell and Simon was based on the separate representation of
knowledge and control. However, this approach soon appeared too ambitious
because too much domain-knowledge was required and the search space became too extensive. According to the proceduralists, this was due to the separation of (declarative represented) knowledge and control. Despite the conflict,
there is a widespread consensus that "declarative knowledge representation"
does have some important advantages. Knowledge that is separated from the
programs, and thus from the control, is more perspicuous. It can be inspected
and maintained more easily and it provides better modularity. Furthermore, it
can be more easily used for several purposes and for several types of reasoning. Finally, a declarative representation is more suitable for the implementation of inetalevel reasoning, i.e. reasoning about knowledge, which is an
important feature with respect to commonsense reasoning, where complex
situations often arise with conflicting standards and norms. Apart from a
strong expressiveness, classical logic has a clear semantics and therefore it
usually is welcomed by declarativists.
On the other hand, the advantages of procedural representations have been
recognized as well. Besides the beforementioned computational efficiency, it is
obvious that some reasoning skills of people indeed are procedural and can be
modelled in procedures more naturally.
Nowadays, this controversy has been mitigated. A purely declarative
approach is not possible. For example, purely declarative PROLOG-programs,
without any procedural aspects, are not useful for non-trivial programming
tasks. Furthermore, in the semantics of programming languages it has been
generally acknowledged that a declarative semantics alone is not suitable,
witnessing the rise of procedural semantics. So in fact there is no reason at all
to identify the use of logic with a declarative approach, which completely
neglects any aspect of control or rather "strategic" knowledge. Logic as
knowledge representation language does not enforce a commitment to either of
these two extreme views on representation.
"Weak" versus "Strong AI" (or logic programmers versus cognitivists)
Researchers like [McCarthy, 1957] basically want to solve AI-problems by
designing computerprograms that reason according to the well-defined language of mathematical logic. They do not bother too much whether or not this
way of inferring is psychologically real. Marvin Minsky, however, supports a
view which is more mentalistic: we must try to get computers to imitate the
way the human mind functions. In order to achieve this we must act like
psychologist, and interview children, that are not yet affected by the demand
to express themselves in logical terms. The former group of researchers advocates "weak" AI, an approach that often has the advantage that some technical
results are reached, but suffers from drawbacks with respect to cognitive and
epistemic matters. The latter group develops theories that seem to be more in
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accordance with these requirements, but lack systematic application in computer science. This approach is often characterized as "strong" AI.
Here again some mitigated standpoints seem to be dominant: there is no
need to choose either rigid position. Note that our considerations on representation in section 2.3 and on the description-explanation distinction do not entail
support for Minsky's position. On the contrary, we need a general theory of
reasoning, but this should be functional rather than mentalistic, for two reasons. The first is that we want to specify functional behavior of the system;
i.e., the desired inferences that constitute the empirical system. Secondly, in
our approach we apply arguments. As the concept of argumentation deals with
language use, functional theories about language (and its role in knowledge
representation) seem more promising than mentalistic or structuralistic approaches).
Qualitative versus Quantitative approaches (or logicians versus probabilists)
Another controversy is that between numerical approaches and logical approaches. The aspect of belief-revision, i.e., changing ones beliefs when new
information is available, can easily be handled in a probabilistic framework,
whereas classical logic has problems with this aspect. The rise of non-monotonic logic in particular caused some reactions among probabilists. They contended that numerical models based on classical probability or other numerical
formalisms are more suitable for representing reasoning with uncertain and
incomplete information; their concepts were better understood than those used
in non-monotonic logic. Especially, the appeal of [Cheesemann, 1985] to
Baysean statistics as the most canonical model for reasoning with uncertain
data must be mentioned here. Also research on expertsystems encouraged the
development of all kinds of, sometimes mathematically less well-founded,
numerical methods.
Today this distinction is not so clear as it used to be. But, despite unifying
attempts, most logical approaches still are merely symbolical, with no references to numerical theories or to qualitative interpretations of classical probability.

'A critique of pure reason "(or McDermott versus non-monotonic logic)
In a highly polemical essay, [McDermott, 1987] attacked the logical paradigm
in AI and pleaded for procedural solutions. His point of view was remarkable
because until then he had generally been considered to be one of the founders
and most prominent researchers of non-monotonic logic and the developer of
one of the " landmark systems" presented in the classical issue on non-monotonic logic of `Artificial Intelligence' in 1980. His " betrayal" provoked many
strong reactions and invoked new discussions about the scope of logic. Since
this important debate is nothing but an example of the old declarative-procedural distinction, we will not discuss it further here.
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Rule-based models versus connectionism
A final controversy that should be mentioned here is that between the "logical"
rule-based approach versus connectionism, which at a implementational level
is mostly identified with neural networks or parallel distributed processing.
Production systems, classical theorem-provers for first-order logic, rule-based
expert systems like MYCIN, but to a certain extent frames and semantic networks as well, are all associated with this rule-based approach.
As we stated in Chapter 1, the underlaying point of view was formulated
by Brian Smith in his knowledge representation hypothesis, which has several
more or less weak and strong versions. However, all these versions have in
common that intelligent behavior and mental activities like reasoning are nothing but the execution of formal operations on symbol structures which are
considered to be representations of objects in reality. Essentially, this characterization was only a generalization of assumptions alrea.dy made explicit by
Newell and Simon and commonly known as the physical symbol system hypothesis, which is considered to be a justification for much AI-research. They
contend that any intelligent activity of man or machine can be achieved
through the use of symbol patterns, operations on these patterns to generate
potential solutions, and search abilities to select the right solution.

Connectionism challenges this knowledge representation hypothesis; it
rejects the division into two substructures representing the knowledge (the
knowledge base) and manipulating it (the inference engine). As we stated
before this criticism on the logic-based approach in AI will not be taken into
account here.
Summarizing, with respect to the first question we raised in section 3.1, it is
obvious that logical approaches, although frequently challenged, do play an
important role in AI. Both the expressiveness and the semantics appeared to be
main motivations. Usually, application of logic does not entail any commitment to rigid standpoints in the previously mentioned controversies.

3.4.

NON-MONOTONIC LOGIC

On the one hand, non-monotonic is important as it generalizes the concept of
logic. It confirmed once more that logic is not just deduction and it induced a
general approach to consequence relations. It certainly contributed to a change
of culture among logicians. Now, many introductory textbooks on these logics
are available, including [Brewka, 1991], [Lukaszewicz, 1990], [Besnard,
1989]. Usually, the notion is introduced informally as reasoning with incomplete knowledge, default reasoning or "jumping to the conclusion".
As we stated already, one argument for the inappropriateness of classical
logic is based on the monotonicity of its consequence relation. The consequence-relation~consequence operation of classical logic is monotonic, i.e.,
I' ~ E~ CI(P) ~ Cl(E) or equivalently if E~~, then E U{,~} ~~. But
to make this connection, this formal property has to be interpreted.
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If we interpret this proof theoretically, it obviously means that the addition
of new axioms to a theory cannot invalidate older theorems. By the definition
of proof in classical logic, a derivation which has been established as a proof
of ~ from E remains a proof of ~ from any superset of E. Note that the notions of axiom, proof and theorem lose their strict meaning; as we mentioned
in Chapter 1, they have significance only in a classical context and basically
they are used here only metaphorically.
If we interpret this property of classical logic epistemically, where E
denotes a belief state and the notion of consequence refers to the process of
inference or reasoning, then it means that a belief set grows monotonically
with the supplied data. More data provide more beliefs, not other beliefs! Both
interpretations are compatible, but the second one, clearly exceeding the
realms of mathematics and pretending, or at least suggesting, to give a formal
account of reasoning, indicates a problem that we mentioned before, but needs
to be repeated here. Any theory about reasoning, whether it arises from AI,
cognitive psychology or linguistics, will have to conclude that classical logic is
insufficient. People constantly need to withdraw conclusions once faced with
new, additional information. This is a rather self-evident observation, rather
than some well-distinguished property. It is not constructive and can only
serve as a first step towards a description of the empirical system and, therefore, it certainly is not a solid foundation for a formalism.
In order to improve this situation, we take two steps. To begin with, nonmonotonic logics can best be motivated by referring to some well understood
occurrences in computer science that require certain behavior which is not in
accordance with classical logic. In addition, we deal with some linguistic
characterizations of the desired patterns of inference.

3.4.1. Occurrences of non-monotonicity

To give an impression of situations in which non-monotonicity arises, let us
consider the following examples.

Semantic Networks
Semantic networks provide languages which are less expressive than those of
databases, but which are computationally tractable. Unlike logical languages,
they represent knowledge in terms of directed graphs, with links representing
the relations between concepts. A specific subclass of these semantic networks
are inheritance networks. Non-monotonicity typically arises here; classes are
assumed to inherit properties of the superclasses if no information to the contrary is available. This is called "inheritance by default". Once new information has become available, the conclusion might be incorrect and must be
withdrawn. The essential idea is that more specific information defeats more
general information.
Databases
Another traditional application of logic in computer science that is usually
considered to display non-monotonic behavior is given by databases. A data-
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base is built for the effective storage and quick retrieval of huge numbers of
data. Therefore, the knowledge must be efficiently represented. As an example
consider ~ to be a database, containing the following facts:
0:-{ likes (john, money ), likes ( mary, an) }
Given the query " likes(peter, football)?", the intended and expected answer is
of course "no" . However, this inference goes far beyond classical derivability;
it is not a logical consequence of theory 0. If we consider the database as a
logical theory and we demand a proper inference, additional axioms are required. We need the Unique Name Assumption (UNA), which states that
different names (constants in the language) denote different objects or entities
in the domain. Furthermore, we require the Domain Closure Assumption
(DCA), which states that all individuals are assumed named. Finally, we need
the Closed World Assumption (CWA), by which all instances of the relation
"likes" are assumed to be derivable from the theory.
(UNA) (john ~ money) n (john ~ mary) n (mary ~art) n...)
(DCA) dx [ x - john V z- mary V x- money V z- art ]
(CWA) b'x b'y [ likes(x, y) -- ( x -john ~ y- money ) V( x- mary n y- art)]
Now, from 0 u{ LTNA,DCA,CWA } we can derive correctly that Peter
doesn't like football. Clearly, these premises play a role, though they have not
been modelled explicitly by the knowledge engineer. In fact, many non-monotonic formalisms (for example, circumscription) are based on this idea of
"repair"; a non-monotonic inference based on E can be reduced to a monotonic inference based on a superset of E. Thus, it is assumed that it is possible
and worthwhile to represent this information in the same language as the other
premises.
However, it is usually not so easy to "repair" this inference; it often seems
impossible or at least not useful to specify all information explicitly in the
same language. Suppose we have knowledge about starting the engine of a
car. We know that performing this action can be successful only if many
preconditions are met. There must be an engine in the car, the car must not be
stolen, the engine must be installed properly, there must be enough fuel, and
so on. Firstly, it must be noticed that though we are quite aware of the relevance of all these preconditions, we do not check them all as this seems fairly
impossible. The list of conditions can be infinitely long. We assume, by default, that all the requirements have been fuliilled, as long as we have no
information to the contrary. Perhaps we only check some of the most vital
preconditions. Secondly and more importantly, if we want to represent our
knowledge about starting an engine, we are unable to list all these conditions
as well! Obviously, this is a very fundamental issue in knowledge representation, which is known as the qualification problem: one cannot specify explicitly all qualifications, which are required for successfully performing an action.
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Suppose, for the sake of argument, that we want to represent the information in a rule. The most suitable way, of course, is to specify all the preconditions in the antecedens and the conclusion ("the engine will start") in the
consequens. However, as soon as we learn an exception to the rule, the negation of this formula has to be added to the antecedens, as well as the exceptions to the exception and so on. Therefore it is quite problematic to express
"generic" knowledge by means of a generalized conditional! Even if it were
possible to list all relevant qualifications, this would seriously damage the
modularity of the system (which is of vital importance in every knowledge
representation language). Furthermore, this is not what we want, when we
develop a rule; we want to use it without being forced to derive the negation
of all those exceptions first. The vital question that remains is: How do we
encode within the system that it is sensitive to this exceptional information?
The qualification problem will be discussed further in Chapter 4, where we
relate it to the problem of unexpressed premisses in argumentation theory.
Here, two remarks must be made.

Remark 1.
Note that it is questionable whether the real dynamics of this problem is well
characterized by the notion of non-monotonicity. Strictly speaking, non-monotony states that addition of new information invalidates a conclusion. However,
in practice there is not just addition of new information, but also the retraction
of specific assumptions, expressed in CWA, UNA, CDA or perhaps in another language; assumptions must be encoded somehow and a new conclusion
usually will demand both addition of some information, but also retraction of
this kind of information.
Remark 2.
Note that this non-monotonicity is rather trivial; it is a kind of "one-step non
monotonicity". A risky conclusion can only be defeated by a solid fact. The
new conclusion on its turn can never be invalidated.

Logic Programming
Informally, a logic program comprises rules of the form ~ E~p~,...~p~ where~
is an atom and each ~p;, i- 1,...,n , n? 0 is a literal. When all literals are
positive, the rule has both a declarative and a procedural reading, that states
that the conclusion ~ is true (respectively derivable), once each ~oí , i - 1, ...,n
is true (respectively derivable). If one of the literals is negative a procedural
reading is more natural. A negative literal ~~o is understood by means of
negation-as-failure, i.e. the formula ~~p is assumed to be derivable, once
every potential derivation for ~p fails. [Clark, 1978]. This non-classical negation induces non-monotony, since addition of the fact ~p invalidates the conclusion that was based on negation as failure. Several attempts have been made to
make this rather informal notion more precise. Reiter's naive version of the
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Closed World Assumption is one of them. Let E be a first-order theory and
0:-{~~o i~p E ATOM and not E~~p} , where ATOM denotes the atomic
formulas of the language. Then the naive version of CWA is given by CWA(E) {~o i E U 0~~p} Clearly, inconsistencies may arise. Let E-{P(a) v Q(a)} .
Thenboth ~P(a) E 0 and ~Q(a) E 0. Hence ~P(a) n~Q(a) E CWA(E).
Therefore, it is questionable whether this idea of negation-as-failure covers a
general principle of inference. Of course the inconsistency does not arise if we
restrict ourselves to Horn-clauses. They are particularly important for logic
programming because an efficient theorem prover has been developed for this
fragment, SLD-resolution. And, it gives rise to a clear notion of minimal
entailment based on smallest Herbrand Models. We will not discuss this further here.

Reasoning about action
In dynamic situations, actions that are performed alter some properties of the
system, whereas other properties remain unchanged. For example, moving
block A and putting it on block B, will not change the color of block C. In
some way we have to represent the fact that performing an action does not
influence or change specific features in a system. An exclusive enumeration
would not be possible for the same reasons we gave in our comment on the
qualification problem. The addition of so called persistence axioms is required. Axioms like "all properties of the domain remain invariant except for
those explicitly changed". Clearly, these persistence axioms give rise to nonmonotonic behavior. This problem is usually referred to as the frameproblem,
which basically is nothing but a dynamic version of the qualification problem.
Finding suitable and modular representations proved to be an important stimulus for the development of non-monotonic logic.
Now the idea behind non-monotonic logic is that these "desired" inferences in
computer science should not be modeled or justified only procedurally or at
the implemental level. They must be represented in a proper logic, that is
suitable dealing with the beforementioned properties. In fact these logics can
be characterized from divergent perspectives. Among other things, they must
be context-sensitive, i.e. not compact; the fact that there is a subset of premisses that supports a conclusion, does not guarantee this conclusion to be
supported by a superset of the set. The question remains of course, to what
part of the context a specific conclusion is sensitive and how this may be
encoded?
Furthermore, in a certain sense these logics must be inconsistency-tolerant
too, as conflicting information can easily occur. Thirdly, the situation demands
sophisticated, convenient representation conventions (frame-problem, qualification problem), and these conventions must represent generic knowledge, usually "implemented as" rules with exceptions.
Now, these properties are not mutually exclusive but they immediately
show what kind of knowledge and information govern the inferences. The
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question remains how these desired inferences must be represented on the
linguistic level, i.e. what patterns of inference, illuminated by sentences in
natural language must make these ideas concrete?

3.4.2. Patterns of inference
The previous examples give an impression of the context in which the need for
new logics arose. Of course, attempts have been made to motivate these logics
independently from implementation problems. But, attempts to characterize
these logics by notions like "jumping to the conclusion", "generic" information, "knowledge extension" (as opposed to "truth-preservation" in classical
logic) or "ampliative" inference are not of much help either.
In non-monotonic logic attempts have been made to solve this problem by
distinguishing several patterns of inference that can be identified and that
should underlie new logics. Unfortunately, these attempts to develop a universally acknowledged typology of patterns of inference or types of non-monotony, were not very successful. Compare, for instance [Lucaszewicz, 1990],
[Brewka, 1991]. Nevertheless, the former provides the following identification
or rather enumeration of situations in which we are supposed to consider it
reasonable to make a certain inference.
subjective autoepistemic reasoning: "according to my subjective opinion, I
would know if A were false. Because I lack this information, A must be
true".
explicit autoepistemic reasoning: "according to some explicit convention, I
would know if A were false. Because I lack this information, A must be
true".
protorypical reasoning: "A describes a typicallnormal situation. Thus there
are good chances that A holds".
no-risk reasoning: if I accepted ~ A and this turned out to be false, the
consequences would be fatal. So, if I am to choose between A and -~ A, I
must accept A.
best-guess reasoning: in view of available evidence, A is the best guess to
make.
probabilistic default reasoning: assuming that probabilistic values are
sufficiently high, it is reasonable to infer A.
The last four patterns give shape to default reasoning. The canonical type of
default reasoning is prototypical inference. It is usually illuminated by the
following benchmark-problems. In fact they serve as the description of the
empirical system.
Example A.

1.
2.
3.
4.
5.

Tweety is a bird
Birds usually (- normally - typically) fly
Tweety is a penguin
Penguins usually do not fly
All penguins are birds
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1. John is a student
2. Typically, students are unemployed
3. John is an adult
4. Typically adults are employed
5. Typically students are adults

1.
2.
3.
4.

Nixon is a republican
Typically republicans are not peaceful
Nixon is a quaker
Typically quakers are peaceful

Many sophisticated formalisms have been developed to deal with prototypical
reasoning. For example, a sentence like "birds typically fly" is interpreted and
implemented or rather formalized in entirely different ways, using different
often ingenious techniques. We will refrain here from formal definitions and
give an impression of the different ways the "empirical system" is translated
into a formal system.
In default logic the "intended behavior" is modelled by applying two main
devices: default-rules and extensions. The former is a kind of ineta-linguistic
inference rule, the latter a fixed point of a specific operator. Furthermore, the
aspect of "typical" is encoded by a consistency check. A default is often written as a:a,,...an`y and should be read informally as: if cx has been derived
and (3, n... n a„ is consistent with all we know, then ~y can be derived. Defaults are meta-linguistic constructions, a kind of inference rules that represent
the defeasible part of the knowledge of an agent and allow for tentative conclusions. A default theory is a pair (W, D) where W denotes a finite set of
first order formulas and D denotes a finite set of defaults.
For example, the informal reading of the default bird(x): flies(x)` flies(x)
is: if x is a bird and it is consistent to assume that x can fly, then derive that x
can fly. A conclusion is motivated if it is in an extension. Informally, an
extension of a default theory (W, D) is a fixed point of an operator that maps
any set of first-order premisses to the smallest first order theory containing
both W and the conclusions of some of the defaults (in fact, as many defaults
as can be applied consistently).
In modal non-monotonic logic [McDermott, Doyle, 1980] our example is
represented by a formula in first order modal logic. Bird(x) n O Fly(x) ~Fly(x) .
Although, this logic soon appeared to suffer from some serious drawbacks, an
improved modification of it, auto-epistemic logic was more successful. Here
the modal operator is interpreted epistemically, i.e. O fly(x) means "it is not
believed that x cannot fly" .
An entirely different approach can be found in circumscription [McCarthy,
1980, 1986] which introduces a so-called abnormality predicate and subsequently minimizes the extension of it. In our example this means that it assumes birds to be as normal as possible. The representation is
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Bird(x) n~AbF,~,(x)~Fly(x) which should be read as "if x is a bird and x is
not abnormal with respect to flying, then infer that x flies.
Others like [Poole, 1985] and [Brewka, 1991] try to model these prototypical inferences by proper material implications; in fact they divide the
premisses in classes of different reliability levels. What they all have in common is the fact that generic knowledge is represented as a conditional, i.e. an
if-then construction, where the content of the sentence is distributed over an
antecedens and a consequence. This construction should be read informally as:
if something is an X... then it will be an Y as well. At least two questions
arise: first, whether it is correct to distribute the knowledge over an antecedens and a consequence. Second, one must answer the question how and to
what extent all kinds of information that might influence the correctness of the
consequence must be encoded (for example as exceptional information in the
antecedens of this rule), i.e., the same question that underlies the frame-problem and the qualification problem.
Now we are quite aware that a more incomplete and general introduction to
non-monotonic logic is hardly possible, but for our views we believe it suffices. Let us briefly comment by referring to two remarks we made in section
2.3.
Remark 1.
In my opinion all beforementioned endeavors to develop new logics typically
refer to situations where we legitimately(1) make certain inferences, but are
quite aware that once additional information is available we no longer want to
infer that conclusion, or are even forced to withdraw it and perhaps even to
legitimately(2) infer the opposite conclusion. Both the four occurrences of nonmonotonicity of the previous section and the patterns of inference we described here in some way relate to this characterization. However, taking into
account our considerations on representation and specification of the empirical
system and the intended behavior of a formal system, we repeat that at least
the following questions -concerning the italic notions- must be answered. In
what situation do we allow that risky inference? what is legitimate(1)? What is
in this context an inference? What do we mean with aware? That we checked
all information? Why not look further for this additional information? What is
additional? How is it encoded? How does it become available? How does our
notion of legitimately(1) account for this withdrawing? How can this withdrawing be encoded in the system? How does legitimately(2) relate to legitimately(1)? What commitments does one make in first legitimately inferring
something and for some reason committing oneself to an opposite conclusion?

Be that as it may, in non-monotonic logic the "empirical system" is illustrated by these patterns, that are studied in isolation, and by only a few sentences that serve as a benchmark.
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Remark 2.
Similarly to the question of section 2.3, the second question deals with the
formal level. Ironically, on the one hand the patterns of reasoning seem very
common and do not constitute a sophisticated account of reasoning. On the
other hand, attempts to model them by dropping the property of monotonicity,
cause a strong deviation from classical logic.
Furthermore, in non-monotonic logic, rational conclusions are modelled
by these generalized consequence-relations. In fact, there is a large group of
researchers, defending the standpoint that consequence-relations which do not
satisfy at least cumulativiry, do not give shape to or constitute a logical system. Both, the fact that these simple patterns require strong deviations from
classical logic and this requirement of cumulative consequence-relations, might
raise the question whether there are other approaches to logic, that are more
suitable for our aims. In the following sections this question will be answered
affirmatively.

3.5.

DEFEASIBLE REASONING

3.5.1. What is wrong with non-monotonic logic?
The title of this section is taken from early criticism on non-monotonic logic
[Israel, 1980]. Since non-monotonic logic arose in the late seventies and early
eighties, it continuously met with severe opposition, including the idea that
logic sui generis is monotonic, or that many formalisms are not even semidecidable, which is quite ironic given the fact that particularly efficiency
motivations are usually considered to be a main reason for developing these
logics. Others argue that the applied techniques are counterintuitive or that the
beforementioned patterns can best be modeled by probabilistic models. Both
proof-based or rather (consistency-based) approaches like default-logic and
minimization based approaches like McCarthy's circumscription and [Davis,
1980], [Shoham, 1987] met criticism. The fixed point constructions of default
logic are not constructive (i.e. they provide no constructive definition of valid
inference) and thus they are not realistic to model "reasonable" belief states.
In circumscription the application of second order formulas (quantification
over predicates), obstruct building efficient theorem provers. Many other
objections against NML can be put forward, both logical and computational
ones.
Be that as it may, here we choose another approach. First we take the
criticism of the defeasible reasoning community into account. We restrict
ourselves to attacks which were launched by [Pollock, 1987] and especially
[Loui, 1990, 1991]. Special attention is given to the latter, because his criticism is more fundamental. He claims that successful logic based approaches to
commonsense should emerge from or rather presuppose a complete different
logical tradition than the background from which non-monotonic logic originates.

~2

3.5.2. Dialectics
According to John L. Pollock current theories of non-monotonic reasoning
coming out of AI are "simplistic and overlook much of the fine structure of
defeasible reasoning" [Pollock, 1987]. He argues that logical approaches must
be philosophically adequate, but not just that. In his opinion a"satisfactory
theory of defeasible reasoning ought to be sufficiently precise that it can be
implemented in a computer program. Constructing such a computer program
and seeing that it does the right thing, will be a useful test of the theory, and
simultaneously a contribution to AI". Ron P. Loui is even more explicit in his
habitually highly polemical essays [Loui, 1990, 1991]. In his opinion nonmonotonic logic and defeasible reasoning have few things in common and
emerge from two entirely different logical traditions: the Russellian and
Keynesian tradition. Although this introduction of two incompatible traditions
seems a little ad hoc, i.e., the distinction is not rooted in more canonical
philosophical traditions, Loui makes his point quite clear. In this section the
main ideas which are relevant for our purposes will be outlined.
Non-monotonic logic arises from the "overmathematized" Russellían tradition; from logics that basically serve as a foundation for mathematics, rather
than that they formalize common-sense reasoning. He has no doubt that this
"will appear to be unfertile in the end". Although he has "just taken stock of
late developments in this tradition", he foresees "little of these formal developments surviving the next decade". At the moment research in the tradition of
Russell is "searching desperately for new directions".
On the other hand, work from defeasible reasoning offers a more promising approach to commonsense reasoning. It is rooted in a Keynesian tradition,
based on argument and dialectics, thus constituting a"new tradition in the
formalization of argumentative, personal deliberative inference". According to
Loui this acceptance of argument as a basis for logical systems "initiates ties
to other disciplines. Law, parliamentary procedure, and serious philosophical
work on dialectics should have much to say about subsequent formal systems".
Loui is quite aware that these ideas, especially at the general level he
describes them are not entirely new. "I have recently found all of these ideas
in Nicholas Rescher's Dialectics (1977). Although this monograph purports to
be a review of existing thought on disputation as it relates to belief (especíally
the thoughts of Toulmin, Lorenz, and Lorenzen), it synthesizes new claims
and new formalism. Not only does it presage argument-based non-monotonicity, defeat based on specificity, and limited computation, but it also invents a
usable syntax in which this takes place. Rescher connects dialectics to law, to
other social models of disputation, and to traditions in the philosophy of science. He considers its use in unilateral disputation, or personal deliberative
inference, or what we today (as in Keynes' time) should just call logic. "
Loui has high expectations and expects AI's eventual discovery of
Rescher's monograph "is likely to wipe out much of the past decade's work on
non-monotonic reasoning" and serve as the foundation of the next decade's
research on reasoning. This enumeration immediately shows plain differences
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with non-monotonic logic, but a few comments seem useful. The use of the
term dialectics refers to "rational controversy, disputation and debate, thus
spurning Hegelian dialectics and dialectical materialism in favor of the original
Greek uses".
One plain point, that is treated in [Loui, 1990] as well, is that dialectics
induces ampliative inference. Dialectical argumentation is a kind of inference
that is different from existing theories of deduction and induction and that
contrasts with the kind of non-monotonicity that is studied in non-monotonic
logic. There, the concern is mainly "non-monotonicity in syntax, the relatively
tame kind of non-monotonicity in rapt musing of which the knowledge representation community has been locked for a decade".
Work in defeasible reasoning is ampliative in a specific sense: it is
non-mono-tonic in computation, non-deterministic, and rational. It is
non-monotonic in computation, because more computation can produce more
arguments, which can reverse judgement. According to Loui, this is fundamentally different from the purely syntactical non-monotonicity in the
Russellian tradition.

Furthermore, these new logics are "non-deterministic because the order in
which search is scheduled is not known in advance to "the representor of
knowledge; there may be non-deterministic choices of points to counterargue,
for instance". This depends on procedural rules that govern or basically constitute a debate.
~~
Finally, defeasible reasoning is rational because there is reason to commit
to the outcome of an argument, even if the outcome is not known. This is like
the idea that there is antecedent reason to submit to binding arbitration without
knowing the outcome. Non-deterministic monotonic reasoning would include
incomplete resource-bounded theorem provers. Deterministic non-monotonic
reasoning would be merely an indexing of theorems by time". Neither is
ampliative in the sense that dialectics is. Another point that Loui mentions
refers to Rescher's ideas that "there are social aspects to knowledge; multiparty disputation subjects a claim to a socially-defined process." Unfortunately, this important aspect is not worked out by Loui.
Moreover, dialectics can provide an effective search procedure for finding
arguments capable of surviving criticism. In fact, it is essentially a fair "control procedure under limited computation" . This is important, "since we rarely
have much time to compute ideal entailments". Limited computation "demands
dialectics, or something like it, just as representational convenience demanded
defeasibility" . Consequently, it has the potential to bridge the gap between
formalists and proceduralists, because this kind of inference depends on the
rationality of a process. It is computer science that has delivered new ways of
conceiving and describing these processes.
Loui makes another important remark. Unlike a proof, an argument "does
not establish warrant for a sentence once and for all". It matters whether there
are counter-arguments, and whether there are rebuttals which reinstate the
arguments, and so on. The main interest in defeasible reasoning is in "the idea
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of warrant with respect to the arguments that could have been constructed,
which may not exhaust the arguments that could have been constructed had
there been more computation". In fact, "we are tampering with the meta-linguistic relations: defining a new proof theory". The aim is to produce a"formal system that yields conclusions over time in a reasonable way". This unmistakably has something to do with the "commitment to tentative conclusions
that a user of the language makes". A vital and crucial aspect that unfortunately is not discussed in further detail either. We will take it into account in the
next chapter.
All in all, Loui states that he cannot but find "the terminology of law and
debate useful" in this endeavor. In accordance with his apodictic style, Loui
finishes his essay as follows: "It is my hope that the larger AI community,
spoiled from distaste of the over-mathematicized Russellian non-monotonic
tradition, will take a fresh look at the emerging Keynesian tradition of argument" .

3.6.

A FEW COMMENTS ON DEFEASIBLE REASONING

In our opinion the above review makes perfectly clear that Loui's plea for a
new approach in modelling commonsense, as it has been articulated in a few
position papers, is rather polemical. This has both advantages and disadvantages. A clear disadvantage is that these attacks unavoidably suffer slightly from
the strawman-fallacy. Be that as it may, the differences in approach are indeed
considerable; by presenting them in a straightforward way, it is made easier to
choose or attack a position.
Let us state a few more comments. First, it is clear that in a certain sense
this tendency of the defeasible reasoning community towards epistemic and
dialectical principles, has caused a further deviation from the more classical
logical approach of reasoning. Unlike the standard non-monotonic formalisms
one does not try to capture intuitive correct plausible inferences, by slight
modifications of consequence-relations, nor by defining preference-relations on
the models of first order theories. Also, the adherence to the process of reasoning, and consequently the limited importance of model-theoretic semantics,
is remarkable. This deviation from classical logic is not unproblematic of
course and it has forced many of the beforementioned authors `to begin from
scratch'. Nevertheless, several questions can be raised against these ambitions.
Do these formalisms deserve the attention Loui claims, and are they free from
the drawbacks, that characterize non-monotonic logic? Can these formalisms,
which definitely are studied less intensively than those in non-monotonic logic,
overcome the computational problems? Are the underlying principles and
presuppositions about logic and reasoning in the defeasible reasoning community indeed incommensurable with for example Reiters' default-logic,
McCarthy's circumscription, or Moore's auto-epistemic logic? Or can these
formalisms be modified, extended or generalized and finally adopted in dialectical approaches?
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Apart from these aspects, here we restrict ourselves to the concept of
argumentation that has been used in ABR. Due to this adherence to the concept of argument, the aspect of deliberation, the distributed environment and
procedural aspects, defeasible reasoning seems, even stronger than non-monotonic logic, to meet objections of some researchers in the field of argumentation theory against logic. Indeed, unification-oriented researchers in the field
of reasoning may be pleased with this development, since the "new" paradigm
seems to bridge many gaps. We believe that Loui, Pollock and others did
succeed in establishing highly important items; mainly the points of deliberation, the distributed environment, as well as their adherence to procedural
aspects. Nevertheless, we believe some critical remarks are required here as
well. In our opinion, the high expectations of ABR as a promising paradigm in
commonsense reasoning cannot be fulfilled by a naive eclecticism of unconnected "philosophical concepts" about argument and debate, neither by a
revival of ancient rhetoric, a reintroduction of Heracleitean, Hegelian or
Popperian views on dialectics, applying some "useful terminology from law
and debate" nor by a new application of the Toulmin-model. Also the in itself
quite important contention that the types of inference AI-researchers are trying
to capture, can best be modeled by a process of constructing and weighing
arguments and counterarguments, is not satisfactory. A more solid foundation
is required. One can perfectly agree that non-monotonic logic neglects philosophical, epistemic and dialectical insights, that one should study law and
debate and more importantly that one should apply arguments in the formalism. But that in itself does not constitute a proper description of the empirical
system. As we stated before, any formal system that claims to be argument
based, should be built on a general theory of argument. With "general" we
intend to express that we need a proper account of the phenomenon of argumentation, the concept of argument, its linguistic function, its role in a theory
of reasoning. Therefore, we try to proceed along different lines by elaborating
on ideas developed in modern argumentation theory, rather than mere adopting
"terminology from law and debate" .
So, the search for new logical traditions is undisputed and necessary.
Nevertheless, we cannot help but find the motivation for the distinction between the Russelian and Keynesian tradition rather ad hoc. The problem can
be sketched more clearly by referring to more canonical distinctions or rather
traditions in philosophy. In doing so, we believe it is worthwhile to focus on
[Barth, 1985, 1987], work that in a way generalizes and extends Loui's criticism. We believe we can make our point more clear by relating the case to
Barth's criticism on current "philosophical logics" and the new directions in
logic she proposes. Although Barth, in criticizing philosophical logics, does
not refer to non-monotonic logic, we believe her comments apply to this approach as well.
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3.7.

THREE TRADITIONS IN LOGIC

In [Barth, 1985, 1987] the author claims that despite its longstanding scientific
tradition and despite clear advance in philosophical logic, the discipline still
remains a rather esoteric field in the academic world itself with few applications in the social or political world. According to the author the main cause
is that "without exception, or very near so", logic is determined rationalistically and as a result only rationalistic methods are considered to be appropriate. With rationalistic Barth means "in accordance with some rationalist as
against empiricist or pragmaticist philosophy", i.e., built on the assumption
that the use of "rational cognitive methods" is a sufficient condition for scientific success. The real value criterium of logic still is "distance from the familiar, from the trivial, the common place, from that which is accessible to the
vulgus". The identification of logic with mathematical proof theory emerges
from this point of view. According to Barth the rise of philosophical logic in
the early sixties established hope that now logic "might develop into a field of
knowledge and insight of real cultural and social importance". Unfortunately,
these hopes were frustrated. Philosophical logics are also determined rationalistically in the sense that logical research "is conceived and classified either as
extensions of mathematical proof theory, or as mathematical alternatives" or
else as "applications of some system that is itself classified in one of these
ways". According to Barth, modal logic is usually considered to be such an
extension of mathematics, intuitionistic logic is considered to be "only" the
logic behind an alternative mathematics, dialogue logic only a contribution to
the foundations of mathematics and all other philosophical logics are to be
considered as applied mathematics. Philosophical logic became synonymous
with intensional logic, primarily concerned with "intrapersonal" or "monological" reasoning!
Due to this rationalistic tradition, there are hardly any systematic connections between logic and empirical science. Only occasionally, some pragmatic
insights seem to arise in mathematics, giving shape to "a more realistic assessment of the uses of mathematics" and to the "appropriate place of mathematics
in the system of cultural values". Pragmatical semantics and dialogue cannot
flourish under these conditions; they loose their "impetus as alternative ways
of looking at things".
Barth is pleading for a new academic discipline, a technical normative
logic, that is rooted in empirical research. It must lead to "systematic contributions" to the understanding and subsequent improvement of the models of
thought and of argument that are found in the polis". As a matter of fact "an
empiricist cultural reorientation " is needed in logic. This logic has to be formal as well. On the one hand, the author rejects the "shortsighted" point of
view of the informal logic movement and critical thinking, that refrains from
any application of formal methods in the study of reasoning. On the other
hand, she fears that neither philosophers, neither mathematicians will be the
main contributors to this new discipline.
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The main suggestion to improve the situation is to consider logics as institutions, just like languages, as [Pollock, 1982] states. An institution can be
"identified with" the set of its constitutive rules. These sets should comprise at
least the set of "rules distributing rights and obligations over the players" as
well as the "ends for which a certain linguistic company (culture) seems to
have invoked certain argumentative uses of language, in as much as those uses
of language -rules and obligations of the players in debates- can be seen to
implement these aims". It also should comprise a specification of semantic
roles as well as an explanation of conventions and a concept of validity that is
rooted in this notion.
Unlike logics coming from the rationalistic tradition this new logic must
apply empirical methods, like "inquiry and interview methods taken from the
social sciences", as well as "synchronic historical analysis", dealing with the
foundations of inferences.
Summarizing, three suggestions are made to give shape to this new logic:
l. Pragmatization of philosophical and scientific theories, for ínstance, logical
systems and their model structures, that brings them "in closer contact with
the empirical or practical world" . It is a matter of reformulating theories in
such a way that its institutional features are made more explicit. In Barth's
view pragmatization "cannot itself be called empirical research, though it may
be said to be a proto-empirical activity".
2. Explicitating logemes
This idea is based on linguistics where generative grammar for too long a time
blocked the study of so called "pidgins" and "creoles". Transforming this
approach to logic one should study lodgins and logoles. A lodgin would be
"an initial logic, originating in a certain company of users of language, ..., not
yet made explicit as a system. A logole could be described as a"set of interlocking tenets and rules, based on diverging lodgins". A deep insight in the
differences between the actual logemes is necessary for a"general theory of
intersubjective human argumentation".
3. Relation between logic and discussion, dialectical fields
Language users take part in so called dialectical fields, which are constituted
from "written and spoken tenets about such semiotic features as pertain to the
accomplishment of critical discussion, in particular about verbal rights and
obligations". Participants are subjected to field forces. We will not take this
aspect into account here any further.
Although this presentation of this approach to logic is far from complete, we
believe it suffices to sketch the situation. We believe the focus on logic as
institutions, the plea for empirical research-methods, synchronic historical
analysis, yielding description of logemes, go even beyond Loui's ideas on
dialectics. Of course, this does not entail that a formal approach to common
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sense should deal with all these aspects. The idea of pragmatics as a protoempirical approach is an important brush-off of the rationalistic tradition already. In fact, we believe that much work in non-monotonic logic can still be
derived from this rationalistic tradition, despite the fact that this work induced
strong adjustments to the concept of logic. Non-monotonic logic deserves
credit for advocating the idea that important types of reasoning cannot be
modeled properly by classical logic, and especially for elaborating the idea
that logical systems beyond monotonicity are possible and useful. Nevertheless, the beforementioned drawbacks and our ideas on representation of commonsense reasoning, enforce us to look for other approaches. In the following
chapters we will proceed in the way Loui and Barth suggested.
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Chapter 4. The theory of argumentation

4.1.

INTRODUCTION

Having discussed some ideas on resource-bounded inference and some new
approaches to logic, arisen from the needs of AI, it seems natural to investigate to what extent these ideas are related to problems and results from the
field of argumentation theory. Apart from the fact that both depict that growing concern with "resource-bounded" inference, we already mentioned two
independent reasons for focussing on modern argumentation theory; reasons,
derived from non-monotonic logic and defeasible reasoning themselves.
Clearly, a main motivation for taking modern argumentation theory into
account arises from the explicit adherence in defeasible reasoning to argumentation and dialectics and Loui's high expectations of adopting "terminology"
from debate and dialectics. Can argumentation theory be useful in developing
these ideas further, by supplying insights, concepts or models of argument,
thus overcoming the drawbacks of a mere adoption of terminology? More
particularly, can it provide the required general account or framework for
argument based reasoning, specifying structure, function and social parameters
of argumentation?
A second, though perhaps less obvious motivation deals with the particular
relation between non-monotonic logic and argumentation theory. Due to the
fact that both fields show a strcng dissatisfaction with the classical and canonical use of logic as the model for reasoning, there seems to be a natural affinity
between them; a brief comparison of their underlying principles cannot be
omitted here.
The aim of this chapter is fourfold. First, we will continue our introduction to
argumentation theory, which we started in Chapter 1. In Section 4.2 we will
discuss some general characteristics of modern research in this field, which we
mentioned before, in a more detailed way. Though eventually we will adhere
mainly to pragma-dialectics as a basis for our conceptual model, it seems
useful to sketch briefly the intellectual background of modern research in
argumentation theory, to which pragma-dialectics itself belongs and which
therefore influences our approach. And, it definitely facilitates a global comparison with defeasible reasoning as well.
Secondly, in section 4.3 we present some topics in current research in
argumentation theory and show to what extent there is a connection between
non-monotonic logic and defeasible reasoning on the one hand and studies
realized in argumentation theory on the other hand. Some important items will
be taken into account including relevance, unexpressed premisses, deduction,
fallacies, rationality and argumentation schemes. We investigate to what extent
counterparts of these concepts can be traced in the formal literature. Despite a
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considerable divergence in both methods and objectives, we believe a close
resemblance in underlying principles can be pointed out as well. Rather than
trying to deal with all items extensively, we will restrict ourselves to a short
comparison and discuss only one particular topic in more detail: we shall
establish a close relation between the "Qualification Problem" in AI, which we
discussed in Chapter 3 and the problem of "unexpressed premisses" in argumentation theory.
Thirdly, in section 4.4 we will focus on pragma-dialectic argumentation
theory, [Van Eemeren, Grootendorst, 1984, 1992, 1993] as a worked-out and
general account of argumentation. Unlike most research in argumentation
theory it provides a general research program, gives a detailed (conceptual)
framework for the analysis of argumentation, and leaves opportunity for the
use of logical methods as well. We will elucidate its main characteristics and
features and determine its practical use for our purpose to develop a formal
theory of commonsense reasoning.

Finally, in section 4.5 we will try to give shape to a conceptual model,
based on the thoughts on argument in this chapter and on the requirements we
formulated in the previous parts of this thesis.

4.2.

SIX CHARACTERISTICS OF MODERN ARGUMENTATION THEORY

Although in Chapter 1 we stated that argumentation theory is a very heterogeneous area, we cannot reasonably investigate "the influence" or "the significance" of this discipline for AI, without having established some general
properties of the field first. Without pretending to provide a full-fledged account, we will try to characterize the domain of argumentation theory in such
a way as to show its significance for our purposes. This overview was facilitated by and partly depends on available sources in the literature, including
[Benoit, Hample, Benoit, 1992], [Van Eemeren, Grootendorst, 1987, 1994]
and [Blair, Johnson, 1980].

4.2.1. Natural language use
Perhaps the most dominant feature of modern argumentation theory is the idea
that argumentation is primarily a form of natural language use. As a result of
this generally acknowledged standpoint, argumentation theory is the study of
actual natural language arguments, used in ordinary pub[ic discourse, clothed
in all its ambiguity, vagueness and incompleteness. Considerations about
inappropriateness of natural language, put forward by logical-positivists of the
Vienna Circle and some analytic philosophers, may have stimulated research
in formal languages. However, these considerations, whether true or not, may
not keep us from studying the patterns of reasoning as performed in natural
language.
A second consequence of this adherence to natural language use, is that
theories of argument and argumentation require, depend on, or rather presup-
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pose linguistic theories. Preferably, functional or pragmatic theories, focussing
primarily on the communicative function of language, rather than scrutinizing
linguistic phenomena purely structuralistically or in isolation. Much research
in argumentation theory is rooted in or emerges from linguistic studies on
language(use). For instance, in the sixties, researchers from several disciplines
got interested in the dynamics of language use in conversation and debate. The
study of conversation-analysis and discourse analysis gained considerable
impact. This topic certainly goes beyond our current study, but we have to
allude briefly to some major ideas and "sources", since several crucial notions
from argumentation theory which we adopt in our model can be traced back to
them!
From the point of view of symbolic interactionism, debate is primarily a
social activity, conducted or rather performed in a community by interlocutors
who are members of this community, sharing some rules and norms. These
rules enable them to understand each other, to communicate and to reach
goals. So language must be considered as a specific institution and the opponent can be considered as a"generalized other", acting upon some institutionalized context.
Maybe even more influential is speech act theory originating with [Austin,
1958] and [Searle, 1969]. The by now well known idea that asserting, declaring, asking, promising or ordering something is primarily a way of performing
or acting on the social world, considering communication as a form of rational
action, has been adopted in many theories. In particular, the four "dimensions" or "levels" of utterance, proposition, illocution and perlocution stress
the pragmatic character of speech act theory. We will attend to speech act
theory and its role in argumentative discourse more extensively in section 4.4,
as it turns out to be a key notion in pragma-dialectics.
A third influential linguistic contribution to argumentation theory is
Grice's theory about cooperativiry. [Grice, 1975] According to this approach
the aim of each discussion is the exchange of information. Participants have to
exhibit rational behavior in order to arrange a proper exchange of information. Specific requirements concerning cooperativity are necessary to prevent
the discussion from being obstructed. Grice adopts these considerations, including his well known maxims of quantity, quality, relation and mode, in his
notion of conversational implicature and shows how philosophers throughout
history have misunderstood the place of cooperativity in semantics. In section
4.4. we will further discuss the signiiicance of this principle of cooperativity
as it has been adopted in pragma-dialectics. Many linguistic ideas have been
influential in argumentation theory, but here we restrict ourselves to these
pragmatic theories, since these offer the best tools to develop a useful conceptual model for commonsense reasoning.
Linguistic influences are prevailing in argumentation theory, as the following sample makes clear. In fact [Toulmin, 1958] already can be put into this
tradition, because of his adherence to the actual practice of legal debate as a
model for argumentation, and because of the role qualifiers play in his model.
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The revival of rhetorics in argumentation theory, due to [Perelman, OlbrechtsTyteca, 1958] and more recently in [Foss, Foss, Trapp, 1985] and [Kopperschmidt, 1990] is an even more compelling example. In [Anscrombre, Ducrot,
1983] a specifically linguistic approach to argumentation theory is propagated,
that is fully descriptive. In this " radical argumentativism" the starting points
are even more extreme; every form of language-use is argumentative. By
focussing on adverbs like hardly, even, but, although, for, etc, this argumentative character can be analyzed. These adverbs function as argumentative "operators" and "connectors" and determine the linguistic structure of discourse.
For argumentative language use in conversation, we refer to [Haft - van Rees,
1989] and [Jacobs, Jackson, 1983]. In his problematology [Meyer, 1988] tries
to develop an alternative for classical logic as a tool in philosophical problem
solving and as a model for argumentation. In his opinion, the main focus on
propositions, isolated from the actual context, as it can be established in logical approaches, has been responsible for a systematic neglect of communicative functions in argumentation. Also the " natural logic" of Grize, [Maier,
1989], [Grize, 1982] and the "informal logic movement" [Blair, Johnson,
1980] depict this element. The object of "natural logic" must be real-life reasoning as performed in meetings, advertising, etc. By developing descriptive
logical tools, so called discursive logical operations, one tries to analyze "argumentative discourse". The informal logic movement will be briefly presented in section 4.2.2.2.
More important than this enumeration of approaches is a twofold consequence
of this focus on language use. Firstly, there is a strong tendency to study
argumentation procedurally, rather than declaratively, secondly it encourages
approaches, where reasoning is considered mainly at the language level. Consequently, as we stated already, argumentation should be considered externalistically. Here, we do not commit ourselves to the question whether reasoning in general should be considered internalistically or externalistically. We
only state that once one agrees to model reasoning as the construction of
arguments and subsequently adopts this idea of language use, this choice
favors these externalistic approaches.

4.2.2. Dissatisfaction with classical logic
As we mentioned before this second property, which is closely related to the
previous one, also deserves attention. First and foremost, from a historical
point of view. A strong dissatisfaction with the canonical use of classical logic
in philosophical textbooks on argument and reasoning, initiated the rise of
modern argumentation theory. It stimulated Toulmin, Perelman and others, to
look for new approaches to reasoning and argument. But also nowadays,
discussions about the significance of classical logic and deduction in particular
and the use of formal methods in general, are still a topic in argumentation
theory. There certainly is a lack of communis opinio and rather polemical
attacks are followed by more mitigated debates. As a consequence it is very
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difficult to summarize these approaches briefly and do justice to them at the
same time. As a starting point, let us refer to [Van Eemeren, Grootendorst,
1994]. In this review article Van Eemeren and Grootendorst observe a growing conviction among present researchers, that classical logic is no longer to
be considered as the only and maybe not even as the best model for argument.
Neither will this logic provide the ultimate standards for evaluation or assessment of argumentation. On the other hand, the authors comply with the fact
that most of the criticism did not lead to useful alternative accounts right
away. Neither has been clarified what standards for the assessment of argumentation are appropriate. Furthermore, they maintain that logic has obtained
her own position in the field of argumentation theory, and will keep this, but
predominantly as a tool in analyzing and reconstructing argumentation rather
than as a, or the, model for it. In their opinion, recent attempts to deviate
from classical logic, as they have been made in non-monotonic logic, might
strengthen the significance of logic in argumentation theory in the near future.
In my opinion, the fact that influential directions in argumentation theory
still criticize logic as a, or rather as the model for reasoning and argument is
quite comprehensible. Anyone concerned with the modelling of commonsense
reasoning, will recognize that a straightforward application of classical logic is
not appropriate. Not to speak about the modelling of subtleties of actual language use in discourse. What really is surprising, is that some distinguished
authors in the field of argumentation theory seem to jump to the conclusion
that, as a result of this in itself highly reasonable criticism, any use of logic
and formal methods in general is useless. And, that new developments in logic
can be neglected without predicament.
As we stated already in Chapter 1, roughly spoken, two groups can be
distinguished. On the one hand, those who unconditionally reject logic, following [Perelman, 1958] and [Toulmin, 1958] without taking any new development into account. As an example we refer to the habitually highly polemical
attacks on formal logic, as performed by informal logicians like [Johnson,
1987, 1988]. On the other hand, we briefly showed that there is a certainly
noteworthy group of scholars which are more mitigated. We will briefly discuss several of these approaches to logic here. Such a comparison can best be
started by briefly taking into account some of the ideas in the work of
Toulmin.

4.2.2.1. Toulmin
The famous study of Toulmin "The Uses of Arguments" (1958) deserves
attention for several reasons. It indubitably was one of the pioneering works in
modern argumentation theory and the well-known procedural model for argumentation he proposed, is still widely used in textbooks. And, more recently,
the model regained attention, this time in AI [Krause, 1993]. However, perhaps the most important motivation for discussing his work is that it is one
clear example of those misconceptions about formal methods and techniques in
general and formal logic in particular, prevailing in the literature. Let us
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briefly describe his approach. Toulmin's main purpose was to present an
alternative to classical logic, an alternative that should be more in accordance
with the needs of the analysis of ordinary language. In his famous model
[Toulmin, 1958] adheres to a procedural form of argumentation which is field
independent; the defence of a standpoint proceeds in every situation in a similar way. Conclusions or claims are supported by data. These data become
reasons for this conclusion through tivarrants, which have to be motivated
themselves by backings. A conclusion can be weakened or modalized by adding a qualifier to the claim and this conclusion can be refuted if "exceptional"
information is available; the rebuttal fulfills this function in the model. So, in
this model the warrant "connects" data with the claim. However, the quality
of this warrant depends on the backing, which gives support for it. The degree
to which this is convincing to a reasonable and qualified judge determines the
"soundness" of the argumentation. Obviously, this makes the assessment of
argumentation field-dependent. According to Toulmin several types of warrant
can be established, depending on the area of application.

Clearly, Toulmin rejects the logical concept of validity as a general criterium for soundness of argumentation. It is only applicable in analytic arguments, which according to Toulmin are common in mathematics but rather
scarce in real argumentation.
Here, Toulmin makes what may be called his fundamental mistake with
regard to the status of logic. A formal logic -following our generalized description of Chapter 1, basically deals with (characterizations of) proper,
sound or valid inferences. It connects premisses to conclusions by focussing
on the form rather than taking content or epistemic peculiarities into account.
It certainly shows its strength in analytic arguments, but as non-monotonic
logic points out, it can handle "non-demonstrative" and consequently "nondeductive" argument quite appropriately as well.
Now, in fact the recent adherence to Toulmins work in AI is not so very
surprising, due to the non-deductive character of the warrant, allowing exceptions, and refraining from material implications. This warrant certainly resembles the defeasible conditionals used in non-monotonic logic. And, clearly the
qualifier can serve to express "generic" or "prototypical" knowledge, just as in
non-monotonic logic. However, we are not aware of any formalism that actually incorporates in a systematic way these ideas and can solve the relevant
problems at the same time. One sometimes gets the impression that Toulmin is
quoted mainly as a philosophical legitimation of the researcher's work. But,
we believe more serious disadvantages of his work should be remarked here,
though we are quite aware that this brief presentation cannot do justice to his
work completely. Numerous theoretical drawbacks have been pointed out in
the literature already, including obscure and inconsistent nomenclature, neglect
of important developments in logic in the twentieth century, a very limited
applicability of his model as well as leaving the problem of soundness out of
the scope of argumentation theory. Beside these problems, there is a more
fundamental feature which makes the theory unsuitable for a theory about

66

reasoning that intends to be argument based. "The Uses of Argument" does
not provide us with the model we need, because of the unsophisticated concept
of argument it uses. The model is merely rhetorical, there is no dialogue, no
generation of counterarguments nor a weighing of conflicting reasons. Nor is
there an antagonist presumed. It is limited to the isolated analysis of premisses
and although it studies arguments expressed in ordinary language, there is no
general theory of language- use underlying the framework. Social parameters
and communicative aspects are left implicit. Both the beforementioned theoretical objections and the primitive concept of argument Toulmin adopts, make
his model not worthwhile for our purposes.

4.2.2.2. The informal logic movement
This approach, arose in the seventies in the USA and in Canada. Roughly
spoken, it was a continuation of dissatisfaction with the use of logic that typified Toulmin's and Perelman's work. An early publication was [Johnson,
Blair, 1980] in which the authors formulated the contours of a far reaching
research program, which in itself is quite interesting, since the authors seem to
generalize the concept of logic considerably. They formulate a"list of attitudes" containing twelve attitudes in Informal Logic, nine of which will be
quoted here for the sake of clarity.

Attitude 1:
Informal Logic primarily focusses "on the actual language arguments, used
in public discourse, clothed in their native ambiguity, vagueness and incompleteness".

Attitude 2:
Informal Logic has "a commitment to the study of argumentation as a
dialectical process".
Attitude 3:
In Informal Logic there is "serious doubt about whether deductive logic
and the standard inductive logic approaches are sufficient to model all, or
even the major, forms of legitimate argument".

Attitude 4:
Informal Logic shows a"dissatisfaction with formal logic as the vehicle
for teaching skill in argument evaluation and argument formation" .
Attitude 5:
There is a"conviction that there are standards" and "norms" for "argument evaluation" which are at once logical -not purely rhetorical or domain specific- and at the same time not captured by "the categories of
deductive validity, soundness and inductive strength".

Attitude 6:
Informal Logic wants a"complete theory of reasoning that goes beyond
formal deductive and inductive logic" .

Attitude 7:
Informal Logic should incorporate "besides argumentation", "such activities as problem-solving and decision-making".
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Attitude 8:
A theory of argumentation should be able to pay attention to the informal
fallacies, which "constitute a legitimate basis for logical investigation".
Attitude 9:

Informal Logic wants to further develop an "operational concept of critical
thinking" .

Integration of argumentation and decision-theory, new concepts of logic,
problem-solving, general, i.e. not purely rhetorical standards for the assessment of argumentation do seem very promising, especially from the perspective on resource-bounded inference we sketched. Unfortunately, until now few
of these ideas have been worked out; they have remained rather programmatic. On the contrary, the informal logicians usually attract attention by polemical attacks on logic [Johnson, 1987] and by neglecting recent developments in
this field. Furthermore, it is very difficult to assess their attacks because of
their rather confusing characterization of logic: they sometimes refer to formal
logic, another time to deductive logic or to classical logic. In fact, they commit the strawman-fallacy at two levels. First, they characterize classical deductive logic according to the way it has been presented in philosophical textbooks, which certainly is not representative for classical logic as it has been
developed by and since Frege. Secondly, they seem to ignore all new contributions, not to mention the generalized ideas of logic we presented in this
thesis. Sometimes, they even seem to wish to abandon any use of formal
techniques in argumentation and refrain from the application of any formal
instrument in theory formation. This of course, is rather strange if one wants
to adopt fields like problem solving and decision-making, which presuppose
formal procedures at a start. In their [Blair, Johnson, 1987] the authors repeat
their goals in a more systematic way, but the work remains rather programmatic, where at the same time polemical attacks on logic are fortified.
Summarizing, informal logic does not constitute a new logic, nor is there
a general theory that gives alternative standards for the assessment of argument. For these reasons we will not further take their contributions into account.

4.2.2.3. Other views on logic
Without pretending to do justice to all developments in argumentation theory,
let us briefly mention a few approaches, which clearly are more mitigated than
the standpoint of Informal Logic.

A completely different position is taken by [Woods, Walton, 1982]. These
logicians have tried to show that the new approach to fallacies, that has been
encouraged by [Hamblin, 1970] does not necessarily imply an abandoning of
logic. Their study [Woods, Walton, 1982] contains a selection of their work
on fallacies, in which advanced logical systems have been adopted, including
modal logic, intuitionistic logic and some elementary mathematical techniques.
In fact, it was Woods who felt obliged to respond to anti-formalist skepticism
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in argumentation theory in general and blasphemous attacks of Johnson in
particular. In his [Woods, 1989] he tries to react on the criticism of Informal
Logic in a rather polemical way himself. First, Woods summarizes the usual
criticism that formal logic is too narrow, too abstract, technical,
metatheoretical and counterintuitive and tries to argue why this criticism fails.
Then, he formulates two "real" drawbacks of modern logic, which to his
surprise are seldomly put forward by the opponents. The first is the misunderstanding that "the actual rules of inference of formal logic are more or less
canonical for human reasoning", which according to the author is "provably
untrue". In fact, classical logic primarily gives a theory of entailment, rather
than inference. The second objection deals with the fact that any theory of
rational argument has to "take some interest in the nature and limits of human
rationality". In fact, he reformulates the requirements of "resource-bounded"
inference by referring to the complexity of algorithms for testing satisfiability
in the propositional calculus.
Though Woods and Walton showed how logic could be used as a tool, a
real application of formal logic as a model is still rare. An important exception
is the work of [Barth, Krabbe, 1982]. Where the majority of research in argumentation theory is informal, in From Axiom to Dialogue they develop a formalism for solving conflicts of opinion. In fact, this work is closely related to
dialogue logic from the Erlangen School and in a certain sense to Rescher's
dialectics as well. A typical controversy or rather dilemma in argumentation
theory concerns the applicability of these formal dialogue models. On the one
hand there are studies like [Barth, Krabbe, 1982], which provide a well-founded theoretical model, but which are not easily applicable in everyday discourse. On the other hand, the majority of research in argumentation theory
departs from actual discourse, formulatíng "informal" dialogue rules, such as
Grice's conversational maxims, developing techniques without an explicit clear
mathematical foundation. In a more recent study on the role of commitment in
dialogue [Walton, Krabbe, 1995], the authors intend to bridge this gap, arguing that a combination of mathematical precision and "descriptive accuracy
and applicability" should be possible. They distinguish several types of dialogue and dialectical shifts between them in real debate. According to the
authors the solution can be found in a dialectical shift between two types of
dialogue, the so called permissive and the rigorous one. The rules of a permissive dialogue system reflect this "logic of everyday conversation". In the
background there is the logic that represents rigorous dialogue systems, which
is not necessarily explicit in the conversation, but participants may switch to
it, taking up an issue in a rigorous way. This is reflected by the embedding of
the rigid system into the permissive one, thus establishing a new and more
complex type of dialogue.
Finally, we will give another example of the more moderate standpoints that
seem to become dominant nowadays in argumentation theory. An explicit
adherence to deductivism can be found in [Groarke, 1990]. Unlike researchers
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as [Govier, 1989] he strengthens the importance of the concept of deductive
validity as well as the use of material implication in the reconstruction of
argumentation. This "reconstructive" aspect is necessary since usually argumentation in ordinary speech leaves certain elements unspoken or implicit.
Some maintain that material implication is the appropriate candidate to achieve
this reconstruction. This aspect will be discussed in more detail in section
4.3.1.2 where so called "unexpressed premisses" are examined and in section
4.5 where pragma-dialectics will be discussed. In pragma-dialectics, as we
will show, classical logic does play an important role in the reconstruction as
well. For a discussion, see [Groarke, 1990] .
With the exception of a few studies we are not aware of serious attempts to
adopt new insights in, and approaches to, logic in the study of argumentation.
Approaches like "informal " logic and "natural" logic do not meet the requirements for logical systems, that we formulated in Chapter 1. Indeed, the relation with formal methods is still very problematic, maybe partly due to misconceptions with respect to the role of logic and the role of formal methods in
general. Nevertheless, we believe that argumentation theory could take great
benefit from the ideas of the new logics, not in the least because it would
enable the skeptics to fully comprehend and maybe even appreciate the prospects of logic. For example, non-monotonic logic induced new concepts of
formal logic, which go beyond deductivism. So, in a discussion about the role
of logic in a theory of argument, mere the conviction that classical monotonic
logic has its drawbacks, cannot be a reason to reject formal logic in general.

4.2.3. Argumentation is deliberation
Non trivial argumentation typically is concerned with constructing, weighing
and evaluating arguments for and against a certain conclusion. Much research
in modern argumentation theory departs from this dialectical approach to
argumentation and particularly this item of adversarial reasoning gained the
attention of researchers in the field of defeasible reasoning. It seemed a natural
way of developing formal systems for commonsense reasoning. As we showed
in Chapter 3, it is this aspect of argumentation that specifically deserves attention, mainly because of the rigorous way in which it deviates from traditional
notions of proofs. Unlike proofs in mathematics and in classical logic, arguments typically interfere; they can be attacked by counterarguments, overruled
by "better" arguments, defeated or reinstated. This aspect of deliberation or
adversarial reasoning, i.e. the construction of arguments and counterarguments
which can be compared on at least an ordinal scale, might be canonical in
classical philosophy, but was neglected in logic. However, in her early days
after World War II, argumentation theory was mainly monological, just like
logic. As Barth points out [Barth, 1991], in those days argumentation theory
was only a"supplement to the deductive-nomological mathematical logic,
rather than a competitor". In her opinion a process of emancipation took place
in three stages. Toulmin's pioneering work deserves much interest, but he
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mainly focussed on the warrant as a bridge between data and claim, neglecting
an audience.
A second step is the work of Perelman and Olbrechts-Tyteca, in which the
role of an audience is explicitly introduced, although this audience remains
rather passive! "The data have here become concessions made by the audience, but its verbal reactions are not dealt with analytically". The third step
arose when theoreticians started to account for the audience's concessions, but
also for their reactions, even their counterarguments. As a result an approach
to argumentation arose that primarily deals with the explicit construction and
evaluation of arguments and counterarguments. According to Barth, many
authors deserve credit for this including Karl Popper, Arne Naess, Robert
Crawshay Williams, Hans Albert, C.L. Hamblin, Paul Lorenzen and Kuno
Lorenz. However, we believe this third step actually induces a new characteristic of modern argumentation research, that goes beyond the idea of just
constructing and weighing arguments and counterarguments, though it is related to it.

4.2.4. Distributed environment

Argumentation, as we understand it now, is intrinsically deliberative, but this
is not enough. Preferably, it should be studied and understood as a real dialectical process, that presupposes a distributed environment, in which several
agents, interlocutors, participants fuliill dissimilar dialectical roles. Participants with possibly different knowledge, preferences, norms and standards of
adequate debate. We make a distinction between deliberation and the distributed environment, because deliberation essentially is monological, in the sense
that it can model the reasoning of one agent, whereas truly dialectical reasoning (which we characterize with the term distributed environment, that is more
common in AI) requires more than one agent and thus "supra individual"
inference. This is important in an epistemic theory where different norms,
standards and sources of information come into play. In fact, the most rudimentary type of a distributed environment is the introduction of different
"dialectical roles" like proponent and opponent. Even if formal dialogue systems presuppose shared data, there is at least a starting point for more that one
individual. Also the generally accepted idea of persuasion alludes to the existence of another entity, a person with possibly different knowledge and who
therefore must be convinced. As we stated earlier, even mainly rhetorical
approaches like for example Perelman's, presuppose an audience that, although rather passive, plays a role in a discussion.
This idea of proponent and opponent is just a starting point. For our purposes, argumentation is predominantly interesting and shows best its power in
situations where more agents, with conflicting knowledge, preferences and
inferences are involved. In a way, the situation in argumentation theory is
rather paradoxical. On the one hand, argumentation theory usually presupposes and allows a distributed environment. On the other hand most research in
the field is restricted to two agents, with limited and often fixed dialectical
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roles. Therefore, this aspect has to be generalized in our ABR-formalism in
Chapter 6.
One of the most prominent and elaborated examples of a distributed environment is the concept of debate, where two contributors intend and try to
solve rationally a conflict of opinions. This idea actually underlies the socalled critical discussion, which is the protorypical and most well-known type
of debate, that got shape in the pragma-dialectical approach in argumentation
theory. Apart from that, a certain trend can be noticed to study these debates
as "generally" as possible, involving models for negotiation, bargaining as
well as problem solving and decisiontheory [Walton, 1991], [Blair, Johnson,
1980]. Also, attempts have been made to provide adequate typologies of debate, and their relations, including the beforementioned analysis of dialectical
shifts which can be made between these types [Walton, Krabbe, 1995].
Of course, all kinds of additional problems may arise as the group of
actors increases and all socio-psychological group processes come into play.
Accordingly, several steps are required: a specification of social conditions for
behavior, the introduction of rules for the aggregation of knowledge, rules
that stimulate cooperation, rules that determine relations between actors, rules
that determine relation between actors and environment, the introduction of
judges once conflicting interests do play a role. And finally, this aspect of a
distributed environment results in maybe the most dominant question: how do
we guarantee that a debate actually proceeds and ends in a well behaved way?
Though the majority of research in the field of modern argumentation theory,
does not usually address these "group processes", given our purposes this
actually is a most interesting and challenging part of argumentation. As mentioned before in Chapter 6, we discuss a few of these consequences of distributed inference.

4.2.5. Criteria for assessment of argumentation
The adherence to actual language use, the discussions about logic, as well as
the adoption of rhetorical and dialectical concepts, unsurprisingly have consequences for the question how argumentation should be assessed. When is an
argument valid, sound, convincing, plausible or acceptable? Leaving the
realms of deduction, unavoidably opens a Pandora's box -one could state- if
one considers it from a logical point of view. We just need to memorize the
old problem with induction and the assessment of inductive inferences. What
typifies argumentation theory, in my opinion, is that the rejection of formal
validity as the ultimate criterium in the assessment of argumentation, does not
lead to purely rhetorical domain-specific criteria or other forms of extreme
relativism in evaluation. Neither has it encouraged purely descriptive approaches. Most research is normative in the sense that theoretically motivated
demarcations between acceptable and not acceptable arguments play a role.
Other standards and criteria "beyond deductive validity" are currently being
examined and developed, including relevance, rationality, plausibility, acceptability or conclusive force. In two distinguished fields in argumentation theory
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this becomes apparent: fallacies and argumentation schemes, which will be
discussed briefly in the next section. Another important and complex notion,
which has been recognized in most work on argumentation theory, is relevance, usually neglected in formal logic.
So a rejection of classical logic does not imply that norms and standards
for assessment are entirely domain-dependent or rhetorically motivated. However, criteria for evaluation cannot be isolated from the beforementioned
parameters: the procedure that has been followed, the audience, the social
context.

4.2.6. Normative pragmatics
The sixth aspect, which will not be treated in this thesis, but for sure is of
main importance in the field, is the normative, didactic character of modern
argumentation theory. Nearly all contributors to the field of argumentation join
the aim to improve reasoning in everyday practice, whether they call it critical
reasoning or not. In fact one of the main objectives of Informal Logic against
classical logic was the latter's very limited use in everyday reasoning practice.
Also pragma-dialectics explicitly accounts for this aspect, as we will show in
the next section.
In conclusion, we could state that all these properties more or less appear in
modern argumentation theory. Some approaches refer to the process of argumentation, whereas others denote the product that is the result of that process.
Modern argumentation theory thus provides us at least with a general concept
of argument, that we use as a starting point and that will be made more specific in section 4.4.

4.3.

ON THE RELATION BETWEEN AI AND ARGUMENTATION THEORY

4.3.1. Non-monotonic logic and argumentation theory
On the one hand any comparison between non-monotonic logic and argumentation theory will display considerable dissimilarities. At the surface level, since
non-monotonic logic is formal, whereas argumentation theory usually is informal. Also regardíng the research goals, both are different. The former uses
logic as a representation formalism that can represent meaningfully uncertain
or incomplete data and that is equipped with an inferential apparatus that is
flexible enough to handle "types" of inference like default reasoning, prototypical reasoning, best guess reasoning and implicit and explicit auto-epistemic
reasoning. The ultimate goal is representation and simulation. The latter is
primarily concerned with argumentation as a phenomenon of actual language
use and aims at developing descriptive and normative theories of this specific
type of language use. But in trying to establish these goals, there are some
similarities as well, for example, with respect to the problem of deduction.
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4.3.1.1. The problem of deduction
Just as the beforementioned types of commonsense reasoning cannot be modelled properly in a deductive, monotonic framework, a deductive logic is not
suitable to represent and assess argumentation. And indeed all kinds of objections against classical logic, which have been put forward by Toulmin and
Perelman in the past and more recently by informal logicians, show a plain
resemblance with the points of departure in non-monotonic logic; the rigidity
of the entailment relation, the slight degree of applicability of deductive validity, the impossibility to deal with exceptions and less defined information. For
example, Scriven's plea for a"probative" logic [Scriven, 1987] as well as
Johnson objective to "naturalize" logic [Johnson, 1989] perfectly match the
objections of non-monotonic logic against monotonic logic as they have been
put forward in the early work of [Reiter, 1980] and [McCarthy, 1980] on
prototypical inference, representation conventions and defeasibility. Furthermore, this idea that deduction cannot be the standard can best be shown in
fallacy theory, after Hamblin initiated new ways to determine what makes a
pattern of inference a fallacy. In argumentation theory patterns of reasoning
like the "ad verecundiam", the "ad ignorantiam", the "ad consequentiam" or
the "hasty generalization" are no longer necessarily fallacious; their acceptability depends on the purpose of a certain argumentative situation or process. But
these patterns are exactly the types of inference one is trying to formalize in
AI. For example, from this point of view Moore's auto-epistemic logic is
nothing but a formal account of the ad ignorantiam "fallacy", whereas default
logic, which formalizes a specific way of jumping to the conclusion, perfectly
matches the "hasty generalization". And according to [Walton, 1989] the
underlying principles of traditional models for expert systems are those which
have been recognized in argumentation theory as the "ad verecundiam". Just
as the concept of deductive validity is not appropriate in itself as the criterium
for fallacies, monotonicity can no longer be demanded once commonsense
reasoning is involved. Another important resemblance pertains to the appropriateness of certain argumentation schemes. Restricting ourselves to the pragmadialectical typology, we distinguish three relations underlying the schemes: a
relation of concomitance, analogy and causaliry. Now this idea of concomitance, resembles one of the main motivations for introducing defaults into a
formal system: the modelling of prototypical reasoning, as we described it
briefly in Chapter 3. The reference to a rypical property of objects as a motivation for a specific conclusion appeared to be a risky but very common and
unavoidable pattern of inference in AI. Furthermore, the principle of analogy
matches the extensive literature in the field of "case-based" reasoning. In
order to make these global relations between both fields somewhat more tangible, let us focus on one particular similarity in more detail.
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4.3.1.2. Unexpressed premisses and the qualification-problem
Unexpressed premisses
The analysis of unexpressed, implicit or "hidden" premisses is one of the most
complex issues in argumentation theory. First and foremost, there seems to be
a widespread agreement that their occurrence is a quite natural and normal
phenomenon, that matches perfectly with, for example, Gricean and Searlean
principles of cooperativity and indirect speech acts. But on the other hand, in
the analysis of argumentation, the phenomenon gives rise to a variety of questions, thus establishing a complex of problems, rather than a delineated one.
Nevertheless, the following questions seem to appear in many discussions.
1. Is there truly something missing, or hidden, something which must be
clarified or explicitated by some new "premisses", behaving like "gapfillers"?
2. Given the fact that there is information which has to be made explicit,
how and to what extent must this be done and what linguistic or metalinguistic expression or construction is suitable for these ends?
3. Can this process of explicitating information be performed in a neutral,
unambiguous (or even mechanical) way, following a generally acknowledged procedure?
It goes without saying that we cannot address all implications of these problems here. Regarding the first question, despite all controversies, there seems
to be an agreement that there is information which has been used by the sender, though it has not been articulated or represented. Information that definitely must be acknowledged by the receiver, to fully comprehend or evaluate the
argument. Obviously, in the analysis of argumentation, the structure of this
"link" must be explicitated, whether one is interested in the arguer's commitments (like in pragma dialectics), in the arguer's intentions (as in epistemics)
or maybe in the relation between unexpressed premisses and presuppositions.
With respect to the second question we restrict ourselves to the statement
that often a conditional is required, an "if..., then..." - construction, which
explicitates "hidden" information. The next question is of course, what logical
properties this condítional is supposed to exhibit. The dominant, though not
universally accepted deductivistic approach will require a material implication,
thus settling validity in a classical sense.
Also question 3 is far from trivial. It seems rather difficult to develop
some procedure to find the implicit premise. Usually, several candidates are
available and there is no reason to assume in advance that every arbitrary
person will "derive" the same rule.
Now, in order to demonstrate the significance of these three questions in
the field of AI, we briefly compare this item of unexpressed premisses with a
main problem in knowledge representation, that we discussed in Chapter 3,
the qualification problem. Here implicit information is used as well and there
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is the idea that it must at least be possible to supply additional information to
conceive a fully correct and deductively valid inference.
The relation between the problem of unexpressed premisses and this qualification-problem will be apparent, if we take the three questions, that we
raised earlier in this section, into account. Regarding the first question, again
we use tacit information in our inference. Information about how we might
jump to conclusions, information (assumptions) about completeness of data or
information about significance of certain preconditions and contextual information. The analogy is clear. The arguer is fully licensed to use these unexpressed premisses, but he is committed to them as well. The knowledge engineer doesn't need to represent explicitly specific information, though it must
be encoded someway in the system and it certainly has to be made explicit if a
certain inference needs to be motivated or explained!
As far as the second question is concerned, the qualification problem
impedes a straightforward application of the material implication, because this
conditional leaves no room for generic knowledge or exceptions. Traditional
use of this conditional demands a full enumeration of all these preconditions
(qualifications) in the antecedens. Once these preconditions have been fulfilled,
the conclusion (a statement, an action, a decision) is a logical consequence.
Such a conclusion cannot be withdrawn.

So, logicians in non-monotonic logic developed several logics with alternative "if..., then..."-constructions. For example, default logic turned out to be a
very powerful tool in modelling these items and certainly is successful in
representing several types of commonsense knowledge.
These so-called defaults, which we introduced in Chapter 3 enable us to
infer a conclusion without a full specification and check of all preconditions.
They only demand consistency with the available data. So the question is not
just if there is something which has to be made explicit, but rather to what
extent it must be made explicit. With respect to the third question the relation
with the explicitation of unexpressed premisses is straightforward as well.
From a logical point of view the crucial question is of course: Should one
actually try to make a formally invalid argument, deductively valid by adding
premisses? Those who are not satisfied with the deductive approach should be
aware of the fact that other logics, with different conditionals, are available
and perhaps useful, for example, default logic. In our opinion this example
shows how argumentation theory can take advantage of the new concepts of
logic, for example those that have been developed in non-monotonic logic.

4.3.2. Defeasible reasoning and argumentation theory
At first sight there is, as we stated before, a close resemblance between defeasible reasoning and argumentation theory. Compare, for example [Loui, 1992]
with the beforementioned provocative work on argument of an informal logician like [Johnson, 1987, 1992]. As we showed earlier, researchers in defeasible reasoning usually maintain to adhere to principles taken from dialectics and
argumentation. One important motivation for this adherence is the conviction
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that in everyday life many types of reasoning can be considered and best be
mode[led as a process of constructing, comparing and weighing arguments for
and against a certain conclusion. Human beings typically construct and evaluate arguments when they explore available knowledge, make a decision, try to
persuade an opponent, jump to conclusions, or have to deal with inconsistent
information. Furthermore, we argued that a feasible presupposition for this
`deliberate' reasoning is a distributed environment, i.e., the introduction of
two or more agents, performing the process of reasoning.
We also emphasized the philosophical and to a great extent epistemic
orientation of defeasible reasoning. The defeasible reasoning theory can be
considered as a reaction by philosophically oriented researchers to non-monotonic logic. Unlike the standard non-monotonic logic formalisms, this approach does not try to capture intuitively correct plausible inferences by slight
modifications of monological inference-relations, nor by defining preferencerelations on the models of first order theories. Also, the adherence to the
process of reasoning, and consequently the limited importance of model-theoretic semantics in defeasible reasoning are remarkable.

However, given our ideas on representation, we cannot be satisfied with a
mere adoption of terminology or undeveloped notions taken from dialectics.
We need a general model of argument, its place in a theory of reasoning, its
goals, function, and social parameters.
Many items we discussed briefly in this chapter, which underlie fairly all
research in argumentation theory, are commonly more or less disregarded in
defeasible reasoning: the aspect of language use, functional theories of language-use and communicative behavior, relevance, cooperation, aggregation,
social rules procedures and institutions, that govern a debate. We repeat that
by taking modern argumentation theory into account, we took an entirely
different starting point than researchers in the field of defeasible reasoning
usually do. And this is the reason that we refrain here from taking into account the in itself important individual contributions of the researchers we
mentioned in Chapter 3.
After this short discussion of the more general perspective on the relation
between AI and argumentation theory, we will now focus on one particular
theory.

4.4.

PRAGMA-DIALECTICS

4.4.1. Introduction
In pragma-dialectics many of the beforementioned topics of argumentation
theory take shape; argumentation and language use, function, rationality,
debate, counterargumentation, relevance, validity, as well as the specificatíon
of certain social parameters and standards. In order to do justice to all those
aspects which are related to argument, pragma-dialectics provides a general
research program for the study of argumentation, which integrates those as-
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pects. A complete account of pragma-dialectics will not be given here. For
more details we refer to [Van Eemeren, Grootendorst, 1984, 1992, 1993]. For
a recent overview of the work that has been done in this research program,
see [Van Eemeren, Grootendorst, 1994].
The main ideas of pragma-dialectics can be found already in their doctoral
dissertation from 1982. This dissertation was translated in 1984 as "Speech
Acts in Argumentative Discussions. A Theoretical Model for the Analysis of
Discussions Directed towards Solving Conflicts of Opinion". The authors
intended to develop a general framework for the study of argumentation,
including guidelines for the analysis of argumentative discussions and a code
of conduct for reasonable interlocutors. Their approach is pragmatic in the
sense that the different "moves" that are performed by the agents are to be
considered as speech acts performed by language-users in a specific communicative situation. Also, their approach is dialectic in the sense that according to
pragma-dialectics, argumentation typically arises in a critical discussion, where
two or more agents try to solve a conflict of opinions in a reasonable way by a
systematic, guided exchange of speech acts.
The main assumptions are straightforward; argumentation is considered as
a specific way of language use. Therefore, a specific functional theory of
language use is needed and speech act theory is taken as a starting point.
Speech acts can be considered as the basic theoretical device in pragma-dialectics; argumentation is seen as a kind of speech act performance. Furthermore,
argumentation is considered to be as a form of rational action that typically
arise in a specific communicative situation. Therefore, arguments cannot be
isolated from the context, they have to be examined in this context in which
they are used. This context is usually introduced as a specific dialectical situation, a crítical discussion, performed by two or more agents trying to resolve a
conflict of opinions in a rational way. This can be achieved only by allowing
standards, rules and procedures which are in accordance with the opinion of
the agents and by allowing just those rules that encourage the achievement of
the ultimate aim. Therefore, it is clear that at least some basic ideas of cooperativity are required to reach this goal.
Since the dialectical tradition has been discussed before in Chapter 3, we
restrict ourselves here to some of the most important ideas and implications of
both speech act theory and the Gricean ideas of cooperativity. Then, the main
ideas of pragma-dialectics itself will be treated as well as the way speech act
theory and cooperativity have been applied in it.

4.4.2. Speech acts and cooperativity
One of the main ideas of speech act theory is that a linguistic theory should
take the utterance in context into account, rather than the proposition. It enables us to study communication as a process of reasonable action. [Van
Eemeren, Grootendorst, 1992]. "In communication speakers use language to
do things, that is, to create certain effects by acting on the social world. Part
of what is involved in understanding what people mean by what they say is not
just the recognition of the expressed propositional content, but a recognition of
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what it is they are trying to do in saying something" . People should recognize
the illocutionary force of an utterance. These utterances play a role in the
achievement of both individual and social goals. Furthermore, it seems reasonable to evaluate speech acts according to their contribution to this ultimate
goal. Felicity conditions do play a major role. These are communicative and
contextual requirements which have to be satisfied in order to guarantee, or at
least stimulate, both an adequate performance of a speech act as well as the
achievement of the specific goal. In [Searle, 1969] the following general properties are demanded.

1. The propositional content condition: a clear, meaningful non contradictory propositional content must be identified in an utterance.

2. The essential condition: "making the utterance must count as an expression of a certain objective, within some set of social understandings" .
3. The sinceriry condition: an agent should actually "believe, know or
want" the things "he puts forward as believed, known or wanted".
4. The preparatory condition: the arguer should "provide adequate justification to achieve the underlying objective" or at least believe that
performing this speech act, benefits the ultimate achievement of the
goal.
Besides these general conditions, there are specific requirements for distinctive
speech acts. One of the basic ideas of pragma-dialectics is that argumentation
can be fitted into speech act theory, which means that there must be felicity
conditions for arguing just as there are felicity conditions for the "usual"
speech acts. The conditions are essential since according to pragma-dialectics
"speech act performance is a real-world phenomenon whose natural organization is normative. See [Van Eemeren, Grootendorst, 1984] for details. According to pragma-dialectics arguments are conducted by speech acts and
making an argument is a complex speech act, "made up by simple speech acts
(of asserting) but structured at a global level by a set of felicity conditions for
the act complex". Restricting ourselves to pro-argumentation, [Van Eemeren,
Grootendorst, 1994] requires the following felicity conditions.
1. The propositional content condition: an agent S"has put forward a
standpoint (or opinion) O" and "has advanced a constellation of assertives, A,,...A~ in which propositions are expressed".
2. The essentia[ condition: "advancing a constellation of assertives counts
as an attempt by a speaker S to justify a conclusion O to the satisfaction of the hearer H, i.e., to convince H of the acceptability of O" by
means of those assertions.
3. The sinceriry condition: S believes that O is acceptable, that the propositions expressed in the assertives are acceptable and finally that these
assertions constitute an acceptable justification of O.
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4. The preparatory condition: S believes that H will not or does not accept O, S belíeves that H will accept the propositions expressed in
A,,...,A~ and S believes that H will accept A,,...,A~ as a justification
of O, which was not obvious to him already.

Though we are quite aware that this description is far from complete, we
believe this characterization suffices for our purposes. Leaving speech act
theory alone, let us take the adopted principle of cooperativity into account.
Now, obviously the principle as it has been formulated by [Grice, 1975] allows for many interpretations. Here we adhere to the approach of [Van
Eemeren, Grootendorst, 1993] distinguishing at least three distinct assumptions.
Minimally, a notion of individual rationality is assumed. Agents in a
debate are assumed to exhibit instrumental rationality. Basically, this means
that we assume agents intend to achieve some goals and are aware of and meet
the requirements of a specific situation. Or, more precisely, each move "is to
be found in relation to its bearing on some goal attributed to the actor and to
its adaptation to perceived circumstance" (pp. 6).
However, the Cooperativity Principle demands more than individual rationality. Coordination is required. The moves arise in a"system of mutual
awareness and mutual dependency". Rational behavior entails that they "will
pursue their own goals by taking into account and being responsive to the
goals and plans of others. In this way, the sense of an utterance is to be found
in the way in which it aligns with the activities expressed in the utterances of
fellow conversationalists". This principle of coordination, mutual awareness
and mutual dependency again must be considered as a necessary condition for
a rational debate.
A third aspect directly follows from the second. The cooperation principle
assumes joined activity. This actually requires a consensual agreement of
purpose which at least should dominate divergent individual purposes. In fact,
the well known Gricean maxims of Quantity, Quality, Relation can be considered as rules which are based on these principles. These ideas of cooperativity
generate a kind of ideal model for behavior. As we will see in the following
section, such an ideal model underlies pragma-dialectics as well.
The main characteristics of pragma-dialectics, including the application of
dialectics, speech act theory and the cooperativity principle will be discussed
by subsequently focussing on the concept of argument pragma-dialectics adopts
and on the five stages of this research program to deal with argumentation.
Again, the presentation will be quite concise; for details we refer to the beforementioned studies.

4.4.3. Four characteristics of arguments in pragma-dialectics
Let us discuss these basic ideas about arguments in pragma-dialectics in a
more systematic way. Usually, pragma-dialectics can be characterized as
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externalizing, functionalizing, dialectifying and socializing the concept of
argument in the following sense.
Ezternalizing refers to the fact that argumentation primarily deals with verbal
commitments, attached to verbal utterances, such as expressed standpoints and
agreements, and with the commitments that can be derived from these standpoints and their defence. It is not sufficient to refer to a situation where two
persons have opposing point of views or perform a process of personal deliberative reasoning. Disagreement should be externalized or at least be externalizable. We are primarily interested in the way agents put their standpoint up
for confrontation with one another. This open confrontation, where agents are
willing to commit themselves to certain standpoints and to submit these standpoints to public certification, determines the real nature of debate. Analogously, the reasons (motives) people have for certain beliefs are not necessarily
equivalent to the reasons (grounds) they are willing to put forward or to accept
in the defence of a standpoint. This is the point where speech act theory comes
into play. Van Eemeren and Grootendorst fit argumentation into the speech act
theory by considering arguing as a specific speech act and by developing
felicity conditions for this speech act. So it deals with "public commitments"
and "public accountability", rather than with "intensions", "attitudes" or "belief-states". According to pragma-dialectics any attempt to reduce argumentation to these notions should be rejected.
Functionalizing means that argumentation, i.e., the process of constructing or
generating arguments is a goal-oriented activity. A critical discussion can be
considered as a systematic search procedure that must lead to a specific goal.
This aspect can be considered as a reaction to the canonical analysis of argumentation in structural terms, that ignores "functional motivations" and "functional requirements" a type of analysis that can usually be observed in traditional logic, but also in informal logic and in the study of fallacies and other
aspects of practical argumentation. According to pragma-dialectics, particularly "functional motivations" and "functional requirements" underlie the structural design of argument. At the most general level, functionalizing in pragmadialectics refers to a rational resolution of a conflict of opinions.
Dialectifying refers to the idea that argumentation arises in a specific dialectical situation, a critical discussion and involves a process of constructing arguments and counterarguments with respect to a conclusion. In fact, this idea can
be derived from a concept of reasonableness that is neither absolutistic nor
relativistic, but critical. This idea of reasonableness that underlies pragmadialectics will be treated in the next section.
Socializing refers to a distributed environment in which several agents come
into play; a critical discussion presupposes two or more agents, acting in an
institutionalized context; they perform speech acts, following speciiic rules and
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procedures that should stimulate or guarantee that the ultimate goal of the
discussion, the solving of a conflict of opinions, is not at risk. In pragmadialectics one usually presupposes two agents trying to persuade each other.
Whereas externalization can be considered from an individualized perspective,
this aspect of socialization makes argumentation basically an "externalization
of a social problem-solving process". Argumentation always reflects a"collaborative structure" that arises from "dialogic interaction- real or projected" .
The basic model in pragma-dialectics usually distinguishes two roles: that of a
proponent and that of an opponent.
Two important instances of this aspect of socializing must be mentioned here,
the code of conduct and the higher order (debating) conditions. Both types of
rules must be obeyed by the members of the group to avoid that the ideal
model of a critical discussion appears to be utopical and deviates too much
from actual practice. In their [Van Eemeren and Grootendorst, 1992] the authors summarize their code of conduct in ten basic rules.
1.

Parties must not prevent each other from advancing or casting doubt
on standpoints.

2.

Whoever advances a standpoint is obliged to defend it if asked to do
so.
An attack on a standpoint must relate to the standpoint that has actually been advanced.
A standpoint can only be defended by advancing arguments relating to
that standpoint.
A person can be held to the premisses he leaves implicit.
A standpoint must be regarded as conclusively defended if the defence
takes place by means of arguments belonging to the common startingpoints.
A standpoint must be regarded as conclusively defended if the defence
takes place by means of arguments in which a commonly accepted
scheme of argumentation is correctly applied.
The used arguments must be valid or capable of being validated by
making one or more unexpressed premisses explicit.

3.
4.
5.
6.
7.

8.
9.

A failed defence must result in the protagonist withdrawing his standpoint and a successful defence in the antagonist withdrawing his
doubt.

10. Formulations must not be puzzlingly vague, nor confusingly ambiguous.
This code can be considered as a set of first order conditions for the rational
resolution of a conflict, presuming more or less ideal actors and circumstances. According to pragma-dialectics additional requirements must be formulated
to stimulate a successful debate. pragma-dialectics stipulates second order
conditions, specifying a certain mental state and attitude of the participants.
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These participants should for instance, at least to a certain extent, refrain from
individual gain, in the sense that they are willing to give up a position that
appears to be not defensible, though it might be attractive. These conditions
assume that actors are willing to compare several lines of arguments and do
not get discouraged by complexity.

Third order conditions require specific external circumstances of freedom
of speech. tolerance and pluralism as well as practical resources enabling a
critical discussion.
Fourth order conditions, demand certain general input and output constraints, in the sense that actors should possess certain cognitive skills, that
arguments are not infinitely long, i.e. properties that affect each type of communication, not just argumentation.
The fact that many of these conditions have ethical or moral implications that
are supra-individual explains why we primarily contemplate them here as a
specification of the aspect of the socializing of argument.

4.4.4. Five components of research in argumentation theory
To do justice to the beforementioned intentions and goals, pragma-dialectics
provides a general research paradigm for the study of argument, which contains five components.
In the phi[osophical component of pragma-dialectics the ideal of rationality or
reasonableness, underlying the critical discussion is investigated and motivated. This concept of rationality or reasonableness is vital for this approach,
since the model departs from two or more agents who try to solve a conflict of
opinions in a rational way. Refraining from both the purely geometrical concept that underlies classical logic and the merely rhetorical concept which
underlies, for instance, the work of Toulmin and rhetoricians like Perelman,
pragma-dialectics departs from a critical-rationalistic point of view. See [Van
Eemeren, Grootendorst, 1994]. Adhering to the principle that any assertion
should be open to rational criticism, it takes shape by demanding from any
speech act to be in accordance with generally acknowledged rules and procedures that guarantee that the conflict might be solved.
The idea of reasonableness in pragma-dialectics is based on two criteria:
problem solving validity and intersubjective or conventional validity [Barth,
Krabbe, 1982]. Roughly spoken, problem validity refers to the efiiciency of a
certain procedure for serving its purpose. So, if the purpose is conflict resolution, then, "the critical discussion model must be designed in such a way as to
lead to efiicient resolutions and to avoid obstacles to resolution".

A cooperative search must guarantee that this requirement of reasonableness will be fulfilled. Intersubjective validity deals with "the conformity between the model's components and the values, standards and objectives actual
arguers find acceptable" .

83

In the theoretical component, an ideal model for communication and interaction is developed. It indicates how a critical discussion should be regulated to
achieve goal, the solution of the conflict. Related to the critical discussion this
means that ideally four stages can be established. In the confrontation stage,
both discussants establish or remark that a conflict of opinions has actually
arisen. The positions (dialectical roles) are taken and the type of conflict is
articulated. The most elementary one is a non-mized difference of opinion. A
protagonist advances a standpoint and an antagonist casts doubt on it. Only the
protagonist has a burden of proof. Alternatively, in a mixed conflict the antagonist too expresses a standpoint, usually contrary to that of the protagonist and
consequently both parties have a burden of proof. In so called compound
con,flicts two or more propositions play a role.
In the opening stage the agents determine according to which rules and
procedures the discussion will proceed. Then, following these procedures in
the argumentation stage, arguments and counterarguments are put forward,
trying to persuade the opponent. Finally, in the closing stage both actors
should try to establish to what extent they have been successful in solving the
conflict of opinions.
In conclusion, one could state that in the theoretical component of the
research program one tries to identify what speech acts are allowed in the
distinct stages and what rules have to be obeyed by the participants.
The third component of the research program is the analytical component,
which can be considered as the connection between the ideal model and the
reality of debate; it intends to interpret actual discourse with the help of the
ideal model and to give a reconstruction. Unsurprisingly, it is resolution oriented. The analyst uses in his reconstruction, if necessary, some elementary
dialectical transformations: addition (sometimes some elements have to be
added), deletion (some elements are removed), permutation (some elements
are replaced) and substitution (equivalent expressions are used which are in
accordance with the applied standard) To obtain the desired reconstruction it
might be necessary to apply some transformations several times. Though this
certainly is not a method which always guarantees the same result, it is a
useful model that gives us the tools to analyze to what extent argumentation in
ordinary discourse deviates from the theoretically motivated ideal model. This
component is particularly interesting from a logical point of view. PragmaDialectics demands that any argument to be made valid by explicitating one or
more implicit premisses. Therefore pragma-dialectics adheres to the reconstructive deductivism we mentioned earlier.
In the empirical component the investigator tries to detect those factors which
influence both recognition and interpretation of (argumentative) speech acts
which according to the ideal model may contribute to the solution of the conflict. How do agents actually perform their moves, how do they interpret and
evaluate them. Research performed in this component can also provide a basis
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for evaluating the normative model that got shape in the philosophical and,
primarily, the theoretical component. More specifically, this is due to the fact
that both criteria, that of problem-solving validity and that of conventional
validity do have important empirical implications. Suppose that a specific
critical discussion proceeds fully according to the model of pragma-dialectics,
but results in inferior procedures or diverges hopelessly from the purported
goal, then the problem-solving validity of the ideal model of pragma-dialectics
certainly would be questionable. Even more important from this point of view
is the aim of conventional validity which depends heavily on the fit between
the model and accepted notions of reasonableness, rationality and so on. Now
a total and unconditional rejection of the standards of the model by all interlocutors would certainly damage the conventional validity of the model.
The pragmatic component intends to provide tools to increase argumentative
skills. The idea is to combine normative and idealistic ideas from both the
philosophical and theoretical component with descriptive and explanational
insights from both the analytical and empirical component. Obviously with
respect to this aim there is a close resemblance between pragma-dialectics and
the informal logic movement.
Much research has been conducted that can be placed in one or more of these
components. A recent survey is "Studies in Pragma-dialectics" [Van Eemeren,
Grootendorst, 1994], which provides recent work in all five components of the
research program. The approach tries to overcome some canonical distinctions
which seem to be so predominant, like argumentation as a product or a process, descriptive versus normative, logical versus rhetorical, formal logic
versus informal logic. Mainly due to these features we believe pragma-dialectics is applicable in a conceptual model for commonsense reasoning.
Many details and implications of pragma-dialectics which are important
for the analysis of argument in real discourse, have been neglected here.
However, we do not intend to formalize pragma-dialectics; we must develop a
"general purpose" framework for commonsense reasoning and we need a
general approach to argumentation that underlies it. For these aims we believe
this introduction is sufficient.

4.5.

A CONCEPTUAL MODEL FOR ABR

Having introduced the key problems of commonsense reasoning as they got
shape in non-monotonic logic and having adopted ideas about reasoning as
they were launched in defeasible reasoning, we believe modern argumentation
theory gives us the required background for constructing a conceptual model,
that should serve as a guide in developing our formal framework, which will
be presented in chapter 5 and especially in chapter 6. More specifically, in
presenting the conceptual model we will mainly take the ideas of pragmadialectics into account.
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Among other things, this model comprises the following insights and
results: the idea of modelling reasoning as a critical discussion, aimed at
resolving rationally a conflict of opinions, the idea of externalizing, functionalizing, dialectifying and socializing the concept of argument, the notions of
cooperativity (instrumental rationality, mutual awareness and mutual dependency, and the principle of joined activity), the standards of problem validity and
conventional (intersubjective) validity and finally the code of conduct and the
higher order rules for a critical discussion.

In the next chapters we will raise several questions about how these principles can be adopted in a formalism, but also what adjustments must be made
and what additions might be required. This is rather unsurprising, since we do
not actually try to "formalize" pragma-dialectics, neither do we wish to reconstruct or model the actual debate as it really proceeds. We require a general
theory about argumentation only as a fundament of our formalism for argument based reasoning.
Summarizing, let us formulate some starting points in 5 conjectures, that
will serve as a guidance in the development of the formalism.
Conjecture 1: Commonsense reasoning should be modeled as ABR.
That is, the type of inference that we really want to capture and which is
usually referred to as "commonsense reasoning" can best be modelled globally
as a process of constructing, weighing and evaluating arguments and counterarguments by two or more agents in a specific dialectical situation. Consequently, any formalism that is based on this consideration, should at least give
formal accounts of the concepts of argument, counterargument and dialectical
"situation ". In addition, it should provide an inferential apparatus, which is
based on arguments rather than on (sets of) premisses. But, as we stated already, these intuitive, hardly specified notions like argument and debate cannot serve as a firm base or starting point for a formalism. This leads to our
second conjecture for ABR.

Conjecture 2: Any formal system for ABR should be based on a general
theory of argument.

With "general" we intend to express that we need a proper account of the
phenomenon of argumentation, the concept of argument, its role in a theory of
reasoning, its structure, its purpose, its scope and a description of the social
context in which it arises. Therefore, we are not primarily interested in specific isolated "benchmark-problems" (whether they are about flying penguins,
pacifistic republicans or employed students) developed to describe intuitive
"would be" plausible patterns of reasoning, as we can find them regularly in
non-monotonic logic. A main motivation for this is that in our opinion the
most interesting application of ABR can be found in situations which are far
more complicated; situations with opposite goals, inconsistent information and
preferences, as well as different procedures for obtaining specific data. Situations in which, as the decision-theoretical literature teaches us, a full reliance
on what is supposed to be evident, reasonable, commonsense or "in accor-
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dance with intuition", is very hazardous and unsatisfiable. So, what we need is
some general theory about argument, including all communicative, social and
decision-theoretical parameters, that could serve as a foundation for an ABRframework. In order to fulfill these requirements we believe the following
conjecture seems to be an appropriate starting point.

Conjecture 3: The concept of argument we need, can be taken from the
theory of pragma-dialectics, in the sense that one should functionalize,
externalize, dialectify and socialize the notion.

This means that the concept of argument that we will formally specify, as well
as related concepts in the formal framework, ideally can be motivated by these
accounts. Among other things, functionaliZing entails that arguments are raised
in a specific goal-oriented environment. So, in a formalism we have to specify
in advance exactly what the overall purpose is, what other goals might exist,
how they can be reached in an efficient way and how we can establish whether
the goal has been achieved.
Among other things, externalizing means that we primarily deal wíth
agents, performing certain moves and willing to make specific commitments.
All [hat is relevant should be specified a[ the language level. Consequently,
any controversy should be externalisable. So, we should at least specify how
moves and commitments can be modelled and what kind of expressiveness of
the language is required.
Among other things, socializing clearly appeals to the fact that reasoning
is placed in a social setting with several agents, a setting that can be considered as more or less institutionaliZed. Especially, the interaction, is always -at
least partly- institutionalized. These institutions include the roles of the actors,
burden of proof, ideas of (in)equality, (division of) power, coalition formation,
autonomy of the group, preservation of individual preferences, division of
tasks, rules for the aggregation of knowledge, rules that stimulate or maybe
even guarantee cooperation. The latter in particular when conflicting interests
come into play: interests that threaten or obstruct the shared overall goal.
And, most importantly, rules must represent the individual preferences in such
a way that they give shape to a notion of intersubjective validiry. Any formalism must try to capture these ideas and represent these "social conditions".
Among other things dialectifying refers to a context with pro and contra argumentation. As we stated already, the inferential apparatus of the system must
be explicitly based on these notions. The acceptability of a derived conclusion
must be determined "in some way" by the generated arguments and counterarguments.
Conjecture 4: Following pragma-dialectics, ABR can be consideredlmodeled as a critical discussion, the purpose of which it is to solve a
conflict of opinions in a rational way.
Among other things this entails that we have to specify particular notions,
including: "rationality", "conflict of opinions", "resolving" and "critical discussion". Pragma-dialectics gives several startingpoints, but also leaves some
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questions unanswered. Can all these notions be transformed into formal counterparts in a straightforward way?
As an example let us consider the concept of rationality we require. One
could state that the essence of ABR is not just the construction of arguments,
but the analysis of factors that determine a rational solution of a conflict.
Especially social and decision theoretic parameters heavily govern that concept
of rationality. Is the critical notion of rationality, as it has been adopted in the
philosophical component of pragma-dialectics, a necessary and suj~cient account of rationality for an ABR-formalism?
Also the notion of "resolving" a conflict may invoke questions. What
exactly is resolving? Is this a psychological, a decision-theoretical or primarily
a democratic notion? Can we develop efficient rules that really resolve a conflict rather than settle it? According to pragma-dialectics these notions are
fundamentally different.
Perhaps the most important question deals with the notion of a critical
discussion itself, as a specific interpretation of a dialectical situation. Is it
sensible and realistic to stipulate that every reasoning problem can be modelled
as a critical discussion. Or to put it more briefly, is this notion suitable for
capturing divergent types of inference, modelled in different types of debate?
It goes without saying that we cannot give full answers to all these questions -which often constitute main problems in the field- before we develop the
formalism. But we must realize that in making specific design-decisions, we
also must make some rigid choices, stipulating a certain correspondence between a notion and its formal "counterpart" .
Besides these problems, we should realize that the critical discussion is an
ideal model, not unlike most theories from the decision-theoretic field. Many
risks and obstacles are manifest that could in some way disturb this process of
solving the conflict. This leads to the next aspect.

Conjecture 5: An ABR-model should comprise procedures that guarantee
or at least encourage a successful termination of a critical discussion.
This idea is related to the notion of functionalizing and socializing, but deserves special attention here. An ideal model must meet high standards concerning intersubjective validity, but it should encourage an efficient procedure
as well. The notions of problem-solving validity and the goal-oriented character are vital here and stress the decision theoretical aspect of the model. Argumentation is not a mere generation of arguments and counterarguments "ad
infinitum". We must be aware that unrestrained possibilities to cast doubt on
standpoints and to search for counterevidence can make the whole reasoning
process intractable, thus obstructing the resolution of the conflict. Or, even
worse, the whole process of argument construction gets cyclic, with no possibilities to escape from it. Not to speak about other obstacles that may obstruct
the resolution, including those situations where both actors might be interested
in not behaving in a rational way.
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Clearly, pragma-dialectics deals with this problem in a specific way by the
code of conduct and several higher order rules, thus trying to give shape to
both intersubjective and problem-solving validity. But do we succeed in representing this code and these rules in a formal framework and again are they
necessary and sufficient conditions for our purposes?
In the next two chapters we will find out to what extent we will succeed in
adhering to these principles and in approximating the rather ideal dialectical
standards we suggested in this model.
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Chapter 5. A formalism for Argument Based Reasoning
Part 1: Deliberative inference

5.1.

INTRODUCTION

In this chapter we will develop a framework for ABR, which is based entirely
on the considerations on argument and commonsense reasoning we described
in our conceptual model in chapter 4. As we stated already, design decisions
in the formalism should be derivable from or at least in accordance with the
informal specifications of this model. The aim is to construct a formal system
which is sufficiently powerful to represent the knowledge and initial commitments of a rational agent and to perform non-trivial ABR-tasks. In this chapter
this will be done in a restrained way, though. We restrict ourselves to monological deliberative reasoning. The framework is deliberative in the sense that
conclusions are always validated by a process of constructing arguments and
counterarguments and not by unilateral proof. It is monological in the sense
that only one actor is involved in the process of reasoning. Consequently, real
antagonism lacks; the distributed case (two or more agents) deals with interpersonal reasoning and will be introduced in Chapter 6.
First, in section 5.2 we will give some preliminaries about the underlying
language, that of first-order predicate calculus. The ídea here is that in representing propositional content, we should make as few adjustments to classical
logic as possible. But, as our main concern is "the utterance in context" ,
rather than the proposition, we cannot be satisfied with a model-theoretic
interpretation of the syntactic notions. Since we have to deal with commitments to propositions, rather than with truth-values, a plausible question is:
what role do these formulas fulfill in a critical discussion? In this limited
monological version three basic roles are taken into account: to express standpoints, to supply reasons and to establish relevance.
Nevertheless, in section 5.3 it is argued that this language must be extended with or rather supplemented by expressions of another kind, rules. The
concept of a rule is quite common in both non-monotonic logic and defeasible
reasoning, but it will be motivated in a slightly different way here. Interpreting this concept, we initially supply an elementary though in itself problematic
model-theoretic characterization. However, the model demands all language
elements to be interpreted at a pragmatic level as well, in accordance with
their argumentative function. In our view this primary pragmatic function of
rules is neither knowledge-extension ("jumping to the conclusion"), nor representation of default-information, but to establish descriptive relevance. An
actor can establish relevance by committing himself to an instance of a rule.
In section 5.4, we will show how this concept of a rule enables us to
construct so-called theories or information states, which are considered to be
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reasonable belief-states from a more traditional logical point of view, but
which are initial commitment-sets from the pragmatical point of view. In our
framework a theory is a rather elementary notion, comprising facts, rules and
a preference-ordering on the rules. We will formulate some requirements
regarding these notions, that can be derived from our conceptual model. In
addition, we define subtheories, and we show that theories allow for some
elementary algebraic operations, representing updates or revisions of theories.
Then in section 5.5 we introduce a so-called support-relation, an informal
and monotonic notion of derivability, entirely based on the "facts and rules"
part of theories, rather than on sets of premisses as in classical logic. The idea
behind this notion is the following. If a theory is supposed to represent the
initial commitments of a rational actor, we also must have some general ideas
about what conclusions can be drawn (or standpoints can be taken) based on
these theories. This relation serves as a minimaliry condition: it is argued that
at least the availability of positive and compatible information is required as a
necessary, but not sufficient precondition for ABR. Some proposals to give
shape to this notion of support are made; they underlie the concept of argument as constructed in section 5.6.
Subsequently, in section 5.6. we first introduce a formal concept of argument, based on an elementary argumentation-scheme, and then present some
related notions like subarguments, compound arguments, stable arguments and
multiple argumentation. In section 5.7 we focus on the possibility to attack
arguments; two types of counterarguments are discussed, rebutting and undercutting counterarguments, both giving shape to a concept of negative interference of arguments.
Furthermore, in section 5.8 it is shown how the concepts we developed in
the former sections will enable us to construct a rather rudimentary notion of
deliberative inference. Inference relations, which are based fully on the presence andlor absence of arguments. They include in particular weak, strong and
solid derivability. We will call this concept of inference, rype 1-derivabiliry as
opposed to type 2-derivability. The latter type of inference is more sophisticated and actually based on the idea of defeat by taking the structure of arguments into account. Then, in section 5.9 it is shown that these inference relations do not satisfy the notion of cumulativity proposed by Gabbay, which in
our opinion, is rather a virtue than a drawback. In section 5.10 we try to give
shape to the parameter of functionalizing by presenting a few goals that should
underlie an ABR-framework. Then, in 5.11 we discuss some problems involving type 2 derivability in a monological environment. Three straightforward
ways to achieve a simple notion of type 2-derivability are presented: specificity, stable arguments and applying the preference-ordering on rules. Finally,
Chapter 5 will be completed by section 5.12 that presents an elementary dialectical structure.
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5.2.

PRELIMINAR[ES

The underlying language L of our A.B.R.-framework is that of first-order
predicate calculus with function symbols but without equality. It can be introduced in the usual way. The alphabet of L consists of:
VAR; a denumerable set of variables. They are denoted with xo,x,,zZ, ... .
x,y,z are meta-variables, denoting variables.
-

PRED; a denumerable set of predicate symbols

P,",Pz ,... where n de-

notes the arity of the predicate symbol. P, Q are meta-symbols, denoting
predicate symbols. We call Po a propositional symbol.
FUNC; a denumerable set of function symbols f; , fz ,.. ., where n denotes
the arity of the function symbol. f, g, h are meta-symbols, denoting function symbols. We call f o a constant. Usually, constants are denoted by
a, b, c, a~, a2, ....

-

the usual truthfunctional connectives (~, n, v,~), quantifiers ( d, 3) and
brackets.

Given this alphabet we can define TERM ("terms") and WFF ("well-formed
formulas") as the smallest sets such that:

every x E VAR is a term and each function symbol with arity 0 is a term;
if f"EFUNC and {t~,...t"} S TERM, thenf(t,,...,t") E TERM
if P"EPREDand {t,, ...,t"} S TERM, then P(tl,...,t") E WFF
if ~p, tG E WFF, andx E VAR, then

(~n,l,), (~V,~), (~~), (~-~,~), dx[~] and 3x[~o] are in WFF;

Brackets will be dropped as much as possible. A formula ~p is called a literal
iff it is atomic or of the form ~~ where ~ is atomic. An atom p is also referred to as a positive literal, whereas ~p denotes a negative literal. An occurrence of a variable in a WFF is bound if it occurs in the scope of a quantifier with the same variable or if it immediately follows a quantifier. Otherwise
it is called free. Bound and free occurrences of one and the same variable in a
specific WFF can be avoided by renaming. A term is called grounded iff it
does not contain variables. A formula is called a sentence if it does not contain
free variables.
In chapter 1 we described the inferential apparatus of classical logic already, both in Tarski-style ( using consequence-operations) and in Gentzenstyle ( using finite inference-rela:ions). These notions of derivability will be
appropriate here as long as we restrict our inferences to elements of WFF,
i.e., proper formulas of first order logic and as long as we suppose our sets of
premisses to be consistent. Also the usual model-theoretic semantics suffices
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for the expressions of L. Since this semantics is well-known, we will not
present it here.
Comment:
From a pragmatic point of view, the formal language underlying an ABRframework must at least give shape to the ideas on propositional content of a
performed speech act. In doing so, at this point there is no need to leave the
realms of classical logic, neither by introducing modal operators into the
language nor by reinterpreting the connectives. The main question is what role
do these syntactical notions play in an ABR-context where we are not primarily interested in truth-values but in "utterances in context" and in (management
of) commitments to propositions, and -ultimately- in a rational solution of a
conflict of opinions. In this basic model we refrain from an extensive elaboration on permitted speech acts that usually arise in a critical discussion. Their
roles are described in a straightforward way.
Positive literals express a commitment to a certain propositïon, negative
literals express a commitment to the opposite proposition. A compound WFF
like ~p n tG , with ~p and ~G atomic, expresses the commitment to the simultaneous occurrence of two propositions. For example, an atomic formulaP(a)
can express that a certain actor is willing to commit himself to the fact that the
object which is the interpretation of the constant a has the property P. Wellknown logical interpretations are of course: P(a) is true in a model, or true in
all models accessible to a certain actor (like in modal logic), or true in all
preferred models of a certain actor. But from our pragmatical point of view
this is not essential: what really counts is that an actor commits himself to this
fact. The precise implications of this commitment are not intrinsic properties
of a certain WFF, but they depend on a specific dialectical situation, given
specific goals and procedures of debate. Similarly, an actor can commit himself to ~P(a) or to neither of these formulas, or even (again depending on the
dialectical situation) to both of them. Note that the latter commitment may
seem peculiar but clearly is not the same as a commitment to P(a) ~~P(a).
In section 5.4. this aspect will be discussed further.
In this basic model WFF's represent commitments in three situations: in
expressing standpoints, in putting forward reasons to motivate that standpoint
and in establishing relevance.
A WFF ex [ Bird(x )~ Fly(x )] may be applied to show that the fact
Bird(tweety) is a reason for the standpoint Fly(tweety) . Or, by committing
himself to tlx [ Bird(x )~ Fly (x ) ] an actor motivates why a commitment to
Bird(tweety) is relevant for a commitment to the standpoint Fly(tweety) .
All these ideas are very common in the literature on argument. However,
as we will argue in the next section, in a more realistic setting we also have to
deal with commitments that cannot be modelled properly by WFF's.
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5.3.

RULES

5.3.1. Informal introduction
As we saw in chapter 3, rules are conditionals which do play an important
role in many formalisms in non-monotonic logic and defeasible reasoning.
They are usually introduced as meta-linguistic constructions or they are considered as a kind of context-sensitive, not validity-preserving or non-standard
inference-rule. As we saw, there are obviously considerable differences between them, both at the formal level and with respect to the intended interpretation. At the formal level rules sometimes are indeed inference-rules, not
governed by an underlying logic (like Reiter's defaults), sometimes governed
by a non-classical logic (Delgrande's defaults) or sometimes they just denote
ordinary formulas in the object-language (Poole's system, Brewka's Preferred
Subtheories). The differences with respect to the intended interpretation are
often even more impressive.
The introduction of rules in our ABR-framework basically is the iirst deviation
from classical logic. As we argued in our chapter about non-monotonic logic
and defeasible reasoning, as well as in our chapter about argumentation theory, many reasoning tasks cannot be modelled adequately in classical logic.
Both language and inferential apparatus need to be supplemented. Formally
spoken, we will introduce rules as meta-linguistic "if-then" constructions, that
-from a traditional point of view- extend both the expressiveness and the inferential "power" of the system. We define a new set EXP, which is a broader
class than the expressions we allowed in L thus far. EXP will contain all
admitted expressions of the system:
EXP - TERM U WFF U R ULE
where RULE denotes a set of rules.
Formally, a rule is just a binary relation on WFF. We introduce a meta-linguisticsymbol "~",whichenablesustoconstruct"expressions"like (~p~q)~r,
p~(qiVqz) or P(x)~Q(x).
Comment:
Put informally, a rule can have many "intended" interpretations. The following interpretations are well-known in the non-monotonic and epistemic literature.
-

~p is a reason to believe ,~;

-

typlcally, a ~o is a ~;
given ~p , defeasibly infer ,~;

-

if ~p is the case and ~ is consistent with all we know, then infer ~;
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if ~p is the case then, ceteris paribus, ~ will be the case;

if ~o is the case, then jump to the conclusion that ~G is the case;
~p is a prima facie reason to believe ~;
if ~p is maintained and all conversational mcixims have not been violated, then also ~ is maintained.
This enumeration is by no means exhaustive and can easily be extended. As
mentioned before, rules are usually identified with inference rules and are
intended to represent "knowledge-extension", a notion which is rather problematic. Rules can fulfill several roles, depending on the type of reasoning that
is performed. Alternatively, they can be considered as defaults, warrants
(Toulmin) or leading principles (Peirce) with sometimes a deontic, doxastic,
probabilistic or procedural reading. Interpreted in a neutral way they are
licenses to use the information expressed in ~ when the information expressed
in ~ is available. The question is, of course, what role these rules fulfill from
our pragmatic point of view. Why are they necessary in an ABR-framework.
Before we answer this question some additional preliminary notions are required first.
Definition:
Given a rule r,: (~p~~) we call
An ( r~ )-~p the antecedens of the rule and
Co(r~) -tG the consequens of the rule.
Given a set of rules R-{ r~ , r2 ,..., rn }, then
An(R) - {An(r~), An(rz),...,An(rn) } and
Co(R) - {Co(r~), Co(r~),..., Co(r~) }
Similarly, we define Form(R) -An(R) U Co(R) as the set of all formulas
occurring in the rules of R.
Comment:
In this thesis we usually demand ~o and ,~ to be non-closed WFF's, i.e. they
must contain free variables. Of course, syntactically spoken this is not an
obligation, but a plausible condition for proper use of rules, as we hope to
make clear later in this section. Variables with the same name on both sides of
a rule are the same, they denote the same object. In fact, a rule is a kind of
scheme. An instance of such a scheme can be defined in a straightforward
way, using the concept of substitution which treats all kinds of expressions in
our system in a similar way.
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Definition:
A substitution T is a mapping from EXP to EXP, such that

-

r(x) E TERM for x E VAR

-

T(J (Z~,...,tn)) -f(7(t~), T(t2),...,7(t~))

-

T(P(t~,...,1~))-P(T(t~),T(tZ),...,T(t~))

-

T(P(x)~Q(x)) -T(P(x))~T(Q(x))

A substitution is a grounded substitution if T(x) is a grounded term for every
x E VAR. So, an instance of a rule is obtained by simultaneously replacing all
free variables in a rule by appropriate constants or grounded terms. One could
also characterize the free variables as ranging over available grounded terms.
For example, a rule like P(x) ~ Q(x) can be identified with all possible
grounded instances based on the available constants of L;

P(a~)~Q(a,)

P(az) ~ ~Z(az) ...
Definition:
Given a set of rules R, we will use R to denote the set of all grounded instances of inembers of R, generated by the individual constants in L. Clearly, R
may be infinite, due to the infinite number of permitted instances of rules in

R.
Comment:
Despite this rather informal introduction of rules thus far, a brief comparison
with universally quantified formulas of L(based on material implication) can
be made. Though at first sight, both can be considered to a certain extent as
schemes, which can be identified with all possible instances, there are clear
differences. First, it is obvious that, because ~ is a relation on WFF(L), no
nesting of ~ is allowed. So ~p ~(~G ~ X) is not a rule. Secondly, it is important to note that although "~" induces a kind of conditional the usual properties are not available:
No strengthening of the Antecedens:
( cp ~~r ) E R does not imply ( cp n x)~~r E R
No transitivity:
( cp ~~r ) E R and (~r ~ x) E R does not imply ( ~p ~ x) E R
No contraposition:
( cp ~~r ) E R does not imply (~ tGr ~~ cp ) E R

~)7

The motivation for dropping these conditions will be given in a next section.
A third difference is important from the point of view of modelling commitment. A simultaneous commitment to dx [ Bird(x) ~ Fly(x) ] and toBird(t)
obliges a rational agent to commit himself to Fly(t) . However, in case of a
rule like Bird(x) ~ Fly(x) , an actor may commit himself to a certain grounded
instance like Bird(a)~F[y(a) and simultaneously do no not commit himself
to Bird(t) ~ Fly(t) or to another instance.
He might even commit himself to a standpoint Bird(t) n~Fly(t) at the
same time. So, as far as commitment is concerned, rules may have a restricted
scope; by applying a rule from a set of rules R one does not commit oneself
to the entire R .
More important differences between rules and universally quantified formulas will be discussed in section 5.5, after the introduction of theories and
inference relations, in which these rules are involved.

5.3.2. Two perspectives on rules
There are at least two perspectives on rules. They can be characterized from
both a linguistic and from an argumentative, pragmatic point of view. Starting
with the linguistic perspective, we already stated that we want to be able to
express generic knowledge like "Birds tend to fly", Quakers typically are
pacifists", "Adults are usually employed", but also norms like "Stealing is
wrong". Our only commitment so far is that it is possibleluseful to represent
this generic knowledge as conditionals, i.e. if-then constructions, where the
content of the sentence is distributed over an antecedens and a consequens.
Though in non-monotonic logic usually this aspec[ is [aken for granted, it
is far from trivial. In fact, in Chapter 4 we showed how problems in the field
of non-monotonic logic (qualification-problem) and in the ficid of argumentation (unexpressed premisses) are based on the possibility to "reconstruct" or
"remodel" these expressions in proper conditionals, preferably based on material implication. So, from a linguistic point of view a rule ~p~~ is a representation of heuristic or generic knowledge of an agent.
However, a second characterization, which can be derived from our conceptual model and refers to the argumentative function of this expression, is
more important. Rules can be used and sometimes are even necessary to establish descriptive relevance. This concept of relevance has not been developed
properly in classical logic, but as we stated in chapter 4 any theory of argument must deal with it. Of course, a formula with a material implication can
achieve this as well, but usually this "ideal" knowledge is not available. Nevertheless, an actor must be able to commit himself to this less ideal knowledge
and must be able to show why a fact is relevant.
Or, from the pragmatic point of view, performing the speech act ~(i.e.
committing oneself "to a certain degree" to ,~) is motivated by performing a
speech act ~p (i.e. committing oneself "to a certain degree" to ~o), which is
"licensed" by committing oneself to a certain rule ~p~tG. For example, an
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agent or interlocutor who claims that Tweety can fly, and gives supporting
information that Tweety is a bird, has the duty to show another interlocutor
why this information is relevant for that conclusion. He must try to establish
relevance for example by claiming that "Birds typically fly. More precísely,
he commits himself to the substitution Bird(t) ~ Fly(t) . Whether relevance is
perceived by the opponent or not, will not be discussed here, nor will the
question about whether the inference will be accepted by the opponent as
sufficiently convincing or not. This is a matter of evaluative relevance. In
section 5.4.3 we will distinguish 2 types of descriptive relevance, namely
immediate and mediate relevance.
Summarizing, at the formal level every representation of an argument that
supplies a reason for a conclusion, must always contain a material implication
or a rule that establishes descriptive relevance.

5.3.3. Semantics of rules
Since rules are not formulas of L, we cannot give them a model-theoretic
interpretation in a straightforward way. However, since its components are
members of WFF we can relate them, though in an informal way, to classical
models, in a way that is similar to the usual Etherington-characterization of
defaults in non-monotoníc logic. [Etherington, 1987] As applications of rules
give rise to tentative conclusions, model-elimination cannot be applied. Once
an actor takes the standpoint Q based on P~ Q and P then the "model"
{ P, ~ Q} cannot be eliminated, although { P, Q} is the preferred or accessible
"model". Therefore, a preference-relation on classes of models seems more
natural as an attempt to characterize the intended interpretation. Let M, and
MZ be sets of first-order models.
A rule r, induces a preference-relation on sets of models: M~ ?, Mz iff
-

for all m E MZ: m~ An ( rt )

-

M~-Mz-{mim

~~Co(r~)}

Summarizing, we can state that rules extend the expressiveness of the system
in the sense that they enable us to represent generic or heuristic knowledge,
providing a kind of inference-license. They also can be used to express commitment (to a specific instance) and particularly to establish (descriptive)
relevance.

5.4.

THEORIES

5.4.1. Introduction
In this section, we will show how this concept of rules enables us to construct
so-called theories or information states, which are considered to be reasonable
belief states from a more traditional logical point of view, but which are initial
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commitment-sets from the pragmatical point of view. In our framework a
theory is a rather elementary notion, that deviates strongly from classical
theories, as it comprises facts, rules and a preference-ordering on the rules.
We will formulate some requirements regarding these notions, that can be
derived from our conceptual model as well. The partition of the knowledge
into two disjoint sets of facts and rules is quite usual, both in non-monotonic
logic and in defeasible reasoning. Due to the fact that it is not very realistic to
presume the rules in R to be equally strong, we will assume a preferencerelation o on R . Before we introduce the concept of a theory formally one
more definition is needed, which can be derived from [Rescher, 1980].
Detinition:
A set of premisses is called weakly inconsistent if it is inconsist but contains
no formula ~p such that ~p ~ 1 . So ~p and ~~p may occur in "juxtaposition",
i.e. {~p, ~~p} , but not in conjunction, i.e. {~p ~~~p} .
Definition:
A theory or information-state is a triple ~F,R,a~ with:
F is a consistent or weakly inconsistent subset of WFF
R s WFF x WFF is a possibly empty set of rules
a E P(R) or a E W(R)
where An(R) is supposed to be weakly inconsistent, where P(R) denotes the
set of all pre-orderings on R, i.e. all reflexive and transitive relations on R
and where W(R) denotes the set of all weak orderings on R, all reflexive,
transitive and complete relations on R.
Comment:
How can these "design-decisions" be motivated? First, the weak inconsistency
of F. Our decision not to demand full consistency on the one hand, but to
reject selfcontaining inconsistencies like ~p ~-~~p on the other hand, can be
motivated in our conceptual framework. As the reasoning process proceeds by
agents performing speech acts and committing themselves to certain propositions in order to solve the conflict of opinions, we have no reason to require a
knowledge-base to be fully consistent. An agent will be judged in accordance
with the propositions he is putting forward, to the commitments he makes and
to the way he is able to defend these. A formula ~p perfectly can contribute to
the solution of a conflict, just as ~~p does. They may be obtained from different sources and there is no reason why an actor should be prohibited to have
both pieces of information at his disposal. We probably will demand that an
actor will not use them in one and the same argument. However, a formula
like ~ n -~~p can never be used reasonably to contribute to the discussion and
therefore should be excluded here in advance.
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Secondly, An(R) is supposed to be weakly inconsistent. So, no antecedent
of a rule may contaín an inconsistency. An inconsistent formula can never be
a reason and a rule that "departs" from such an inconsistency can never establish relevance! Of course, we could have imposed this condition in our definition of rules in section 5.3 as well. Note that Co(R) may contain real inconsistencies. For example, (~p ~ 1) should be allowed. An actor who commits
himself to this rule might express that the fact ~p is not acceptable, neither as
a standpoint nor as a reason, as it leads to the falsum, or rather the absurd
standpoint in our pragmatical point of view.
Thirdly, we use an ordering on the rules. One rule might be better, stronger, more convincing than another rule and this must be represented. As our
model of argument is intrinsically not numerical or probabilistic, priorities
must be represented in a qualitative way; by a preference ordering on the
rules. On purpose we distinguish two cases. A rational agent should satisfy the
conditions of reflexivity (each rule is as strong as itself) and transitivity.
R is called complete if for each pair of rules an agent knows whether he
prefers one to the other or whether he is indifferent with respect to, two rules,
The assumption that every agent is able to supply a weak ordering is rather
common in the decision-theoretic literature. Though the aim of transitivity can
cause troubles if we try to aggregate personal preferences into a group preference, this is no reason to refrain from this condition at the individual level.
The consequences of weak inconsistency are obvious; a set of facts F cannot
be identitied anymore with its deductive closure Cl(F), nor can it be rewritten
in some (conjunctive or disjunctive) normal form.
Example:
Let E:- G F, R, v~ be a theory, with:
F:-{P1, P~~4~, P2, ~PZ~~P3, P4~P51
R:-{pZ~r~ P3~r Pl~p4 p4~~r}
a:-[PZ~r]'[P3~r,Pi~P4],(p4~~r]
where [r1,r2] ~[r3] means that an agent is indifferent with respect to r~ and
rz , but prefers both to r3 . Note that the induced partition of R admits a strict
ordering on the equivalence-classes. If a theory E is not further specified
then, EF denotes the facts, ER denotes the rules and Eo denotes the ordering.

5.4.2. Subtheories and updates
Given our definition of a theory, the notion of a subtheorv can be defined in a
straightforward way. Given two theories E:- G F, R, v 1 and
P:- G G, S, ~r 1, then E is a subtheory of I' , denoted as E S I' , iff F ~ G
and R ~ S and a S~r . In fact, we overload the symbol ~ because we apply
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it to both sets and theories. However, usually there will not be any confusion
as we use E and P to denote theories and EF and I'F to denote sets of facts.
One important feature of ABR is that it has to deal with dynamic use of
knowledge, just as in non-monotonic logic and defeasible reasoning. New
information becomes available, especially in a distributed environment; former
conclusions sometimes need to be withdrawn. We restrict ourselves to two
important types of updates: the addition of facts and the addition of rules. It
seems natural to represent both updates as theories and consttuct a new theory E U I'
by the union of the initial theory E with the update P.
Indeed, a well-defined operation U can be given in a rather straightforward way. The facts-part is not problematic at all, since the union of two
weakly inconsistent sets is weakly inconsistent as well. Therefore, the addition
of one or more facts results in an augmented theory, which can be represented
easily as follows:

GF,R,o1 U GG,f?J,~~:- GFUG,R,Q~
Further,more, the union of two sets of rules trivially is a set of rules as well.
But obviously, the union of two preference-relations is not necessarily a preference relation, itself. Therefore, we represent addition of one more rules as
follows:
GF,R,a~ U G Q1,S,a~ - GF,RUS,)` 1
where )` is the reflexive and transitive closure of v U ~ in case of a preordering and where )` is any weak ordering on R U S if we demand a real
preference ordering. So, we only demand any agent to indicate the relative
position of all the rules he is willing to adopt in his theory, by giving a preference-ordering on these nales. Other kinds of updates like retraction of information, can be modelled in a similar way, but they are not discussed here.

5.4.3. Relevance

A formal notion of an argument cannot do without a concept of relevance. We
discussed it already informally in sections 5.2 and 5.3. Now, we will treat it
in a more systematic way, because we have a formal account of a theory at
our disposal. In this we follow [Freeman, 1992]
A statement A is immediately relevant to a statement B, given a theory
E:- G F, R, a 1 iff there is a rule r~ E R such that A~- An (r~ ) and Co (r~ )~ B
or there is a formula (~p ~~) E F such that A~~p and ~ ~-B .
However, relevance needs chaining: If A is relevant to B, and B is relevant
to C, and if they do not contradict each other, then intuitively A should be
relevant to C as well, although there might be no formula or rule available to
guarantee immediate relevance. Therefore a generalization is required.
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A statement A is mediately relevant to a statement C given a theory
E:- G F, R, v~ iff there is a sequence a, , az, ..., a„ such that A is
immediately relevant to a, and a, is immediately relevant to a2 ,..., a„ is
immediately relevant to C and { A, a,, aZ, ..., an , C} is consistent.

5.5.

A NOTION OF SUPPORT

Informal introduction
Having defined theories as meaningful information states or initial commitment
sets, we must specify how actors can advance standpoints, give reasons for
these standpoints and try to establish relevance, purely based on these theories.
More generally spoken, we must have some general ideas or intuitions about
the minimally required information (facts or rules) an agent must commit
himself to in order to make a legitimate commitment to a certain conclusion.
On the one hand these intuitions must underlie formal notions of argument and
derivability that have to be developed, on the other hand they should at least
be in accordance with the pragmatical model. The support relation is intended
to cover some of these intuitions.
Informally spoken, we say a formula ~p is supported by a theory, if there
is positive and compatible evidence for it. With positive we mean that a conclusion must be derived from available information that is relevant to it in the
way we described in the previous section. That is, a conclusion should not be
based on some "negation-as-failure procedure", depending on the non-derivability of its negation. With compatible we mean that the information expressed in the applied facts and rules is fully consistent, i.e. the falsum cannot
be derived.
So, we start with a support-relation as a rather primitive and extremely
liberal or permissive "inference-procedure", that indicates nothing but the
availability of this information and that is intended to cover some intuitive
patterns of reasoning, which are in accordance with the starting-points of our
model. Six patterns of reasoning give shape to our notion of support.

1. "Consistency, No Rules"
Let E:- ~ {`d x[ P(z) - Q(x )],P(a) }, m, m~ be a theory, then given the fact
that EF is consistent and given EF ~-Q (a ), we want Q( a) to be supported. That is, if an actor is willing to commit himself to
`d x[ P(z) -- Q(z )] and to P(a) , then he must be able to commit himself to
Q(a) . It goes without saying that we want to allow this type of inference,
and consequently it should be covered by the support-relation. This inference can be identified with non-trivial Classical Derivability; it demands
full consistency in order to obtain meaningful results and there is no application of rules.
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2. "Consistency, Rules"
Here it is important to distinguish three cases.
First, let E:- G{P(a), ~Q(b)}, {P(x)~Q(x)}, v~ , then we want
Q(a) to be supported. It is obvious that, after having introduced the
concept of a rule, we want this type of inference to be permitted as well.
An actor must be able to commit himself to Q(a) , if he wants to commit
himself to P(a) and if he can show that this fact is a reason for the conclusion, f'or instance, by committing himself to the rule P(x)~Q(x), or
more precisely to the proper instance of the rule P(a)~Q(a). The facts
in EF must be fully consistent and a rule r; can only be applied if Co( r;)
is consistent with the entire EF. Furthermore, due to the fact that we do
not allow contraposition of rules, we do not want ~P(b) to be supported;
there is no positive evidence for it in E. The second case is slightly different.
Let

E:- C{P(a),P(b), -~Q(b)}, {P(x)~Q(x)}, Q1 , then we want
Q( a) to be supported as well. The fact that EF contains both ~ Q(b) and
P(b) is no reason to prohibit an actor to commit himself to the rule P(x) ~Q (x)
and apply it to the fact P(a) . He commits himself to the proper instance
of the rule P(a)~Q(a) not to P(b)~Q(b).
However, the third case shows an even more permissive use of rules,
based on a consistent EF. Let E:- G{P(a), -~Q(a)}, {P(x)~Q(x)}, v~,
then we want Q(a) to be supported too. Again EF is consistent, but the
conclusion is only compatible with a subset of EF. The fact that there is
evidence for ~ Q(a) does not invalidate the fact that there is positive and
consistent evidence for Q(a). Despite the facts that in numerous situations
it seems natural to give priority to facts over rules, there is no need to
prohibit or exclude this inference in advance; it can contribute to the
resolution of a conflict as well.

3. "Weak Inconsistency, No Rules"
Let E:-~{dx[P(x)~Q(x)],~Q(a),P(a)},~,m~.

EF is weakly inconsis-

tent. Since Q(a) and ~ Q(a) can both be derived classically from consistent subtheories of E, we want them both to be supported. This type of
inference is Weak Inconsistency Tolerant, but it is standard in the sense
that no rules are applied; so all the reasoning proceeds in the language L.

4. "Weak Inconsistency, Rules"
Basically, this is a generalization or rather a combination of 2 and 3. Let
In this
E:-~(`dx[P(x)~Ql(x)],~Ql(a),P(a)},{Ql(z)~QZ(x)},a~.
example, we want Qz(a) to be supported. EF inay be weakly inconsistent
and there is no priority of facts above rules.
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5. "Reasoning by Case"
Let E:- C {P(a) v Q(a)}, {P(x)~~p, Q(x)~~p}, v~ be a theory, then
we want ~o to be supported. Although P( a) and Q( a) are not supported
separately, there is sufficient positive information to support ~p. A specitïc
case is a theory E:- C{P(a) v~P(a)}, {P(x)~~p, ~P(x)~~p}, v~. It
must be allowed to commit oneself to a tautology (although this formula
usually will not be explicitly represented in EF.

6. "Weak Conjunction Principle"
Let E:- G {P(a) n Q(b)}, {P(x)~~p, Q(x)~,~}, v~ be a theory, then
we want ~p n,~ to be supported if EF U Form(ER) is consistent. We
believe this inference can be motivated intuitively rather easy as well. If
two components of a compound formula can be derived separately, and
the "joined" information that is applied, is compatible, then an actor
should be able to commit himself to the compound conclusion as well.
Obviously, also this pattern can be generalized or rather be combined with
another; for example, by allowing EF to be weakly inconsistent. Nevertheless, in order to avoid needless complexity we restrict ourselves to this
incomplete characterization of desired inferences; in a distributed environment it is assumed that all agents that participate share these intuitions.
Comment:
Despite the informal nature of our support-relation thus far, it is obvious some
general properties can be established. First and foremost, the support relation
is monotonic, as addition of new facts and new rules will never invalidate
former conclusions. If a standpoint is supported by a theory E and E ~ P,
then it is also supported by I' . So, the set of conclusions grows monotonically
with the sets of facts and rules. Furthermore, given a theory E the set of
supported formulas, Sup(E) may be weakly inconsistent. However, selfcontaining contradictions like ~p n~~p can never be supported. Another significant consequence of this support relation is that, considered as an informal
inference relation, it makes the "conjunction principle" invalid; when ~p andtG
have been derived singularly, we cannot not automatically infer ~o n~G . Obviously, the notion of support does not permit this principle, even if EF is consistent. In addition, a more important aspect should be mentioned here. Due to
the fact that we allow formulas to be supported which are not consistent with
the entire EF, this set -even if it is consistent- clearly does not behave anymore like a theory of classical logic and consequently cannot be identified with
its deductive closure C[(F). We will illustrate this by a trivial example.
Example:
Let E:- G F,R,o~

be a theory with F:- {P~, P~~Q,} , R:- {Q~~ ~P~ }.
Then ~P, ís not supported by, E as can easily be verified. Obviously, Q, E Cl(F)
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but the derivation of Q~ requires a member of F, P, which is not consistent
with ~P,. However, if we update F with the formula Q,, which is already in
Cl(F), then ~P, is supported by E, because it is based on the "independent"
information Q, .
Considered as classical logical theories {P, P~Q } and{P, P~Q, Q}
are equivalent, because CI({P, P~Q }) - Cl({P, P-~Q, Q}). However,
considered as theories under a support relation they are not. This non-standard
behavior of F is not restricted to formulas with material implication. The sets
{~p n~i} and {~p, tG } cannot be identifed for similar reasons. Again, just as
was the case in the appearance of weak inconsistencies, the syntactic form is
important and formulas cannot be rewritten in a normal form. The implications of this property should not be underestimated. However, we do not
consider the unusual behavior of F as a drawback of our system. On the contrary, it can be considered as an improvement of the expressive power of the
system. It gives us the opportunity to express that the simultaneous occurrence
or appearance of two data is not accidental, but necessary and unavoidable.
In reasoning it often seems natural to distinguish between E: -{P, P-~Q }
and I': -{P, P~Q , Q}. In I' there is independent information about Q, in E
this is not the case. The difference also becomes clear in a dynamic context,
especially in case of retraction of information from a database. Suppose an
agent gets informed that the formula (P ~ Q) is unreliable or simply untrue
and should be rejected. Now, in E we only have to delete (P~ Q) and P
remains undisputed. In P, however, the elimination of (P~Q) leaves P and
Q. If we want to reason classically, one of these premisses must be rejected as
well.
Moreover, the fact that we cannot rely on the deductive closure of F is
irrelevant anyway in the general case where we allow F to be weakly inconsistent. Due to the fact that F might be weakly inconsistent and due to the fact
that formulas may be supported which are not consistent with the entire F, we
are forced to preserve information about the derivation, i.e., the path that has
been followed.
Again we realize that it sometimes seems reasonable or even obligatory to
put additional constraints on this support relation. For example, a natural
constraint would be to give priority to the facts and prohibit the application of
a rule which is incompatible with one of the facts. Here, at the "basic" level
of the inferential apparatus that we try to develop, there is no reason to add
these conditions. In our definition of arguments and in the formal introduction
of the inferential apparatus these "constraints" will be introduced.
It should also be mentioned that the notion of support does not capture the
need for relevance completely, since the notion is monotonic (and consequently not relevant) in the sense that if a formula ~ is supported by a theory E,
then it is supported by any extension of E. This extension will contain facts or
rules which do not play a role in the suppori of a conclusion and therefore are
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irrelevant. As an unpleasant example, cyclic paths are not ruled out. We will
capture relevance more extensively in the notion of argument in the next
section.
Summarizing, we can make three statements about this notion of support.
First and foremost, it indicates and expresses primarily the availability of both
positive and compatible information or evidence as a minimal condition for
conclusions that are based on a theory.
Secondly, the way the information is represented "syntactically" is important for two reasons. On the one hand, support is based on consistent subsets
of possibly weakly inconsistent sets of premisses. On the other hand, conclusions can be supported which are not consistent with the entire set. Subsequently, the notion induces a non-standard behavior of F, even if F is consistent. We distinguish between independent and dependent evidence.
Thirdly, we can consider the support relation as a primitive, permissive
and monotonic inference-procedure that allows for some intuitive patterns of
reasoning like classical inference, reasoning by case and inconsistency-tolerant
reasoning. In the next section we will define a concept of argument which is
based on this notion of support.

S.f).

ARGUMENTS

5.6.1. Introduction
The beforementioned ideas on support must be developed further by two
succeeding steps: first a formal introduction of arguments, next an inferential
apparatus based on these arguments. In this section we introduce an elementary notion of argument, as well as characterizations of related notions like
subarguments, simple arguments, coordinatively compound arguments, subordinatively compound arguments, multiple argumentation and stable arguments.
Arguments are introduced in two steps. First, the general structure of an
argument is described. Subsequently, a number of construction rules is suggested. Put informally, an argument is a triple, containing a conclusion, exact1y those facts that serve as a reason for this conclusion and exactly those
formulas and rules that establish relevance.
Detïnition:
Let E:- G F, R,a ) be a theory and let T denote all tautologies of L, then an
argument A based on E is a triple A: - G B, 0,~o ~ where:

B ~ EF U T and B is consistent and B~~d
~ S E R is a possibly empty set of instances of rules in R
~p E WFF is the conclusion, denoted as conc(A)
such that B U Form(0) U{~p} is consistent and such that A is constructed by
the construction rules mentioned below.
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Comment:
Given a theory E, we allow EF to be weakly inconsistent. However, arguments must be rooted in fully consistent information. Furthermore, arguments
must not merely contain rules, but instances of rules, as they make clear to
what instance an actor is willing to commit himself. Since a rule is not a
universally quantified formula, one is not obliged to commit oneself to all
possible instances. Now, there are many ways in which these triples can be
constructed, using fixed points or negation as failure. Here we choose a more
constructive way by representing exactly those facts and instances of rules that
are required to support a formula. Formally, a triple A: - c B, ~,~0 1 is an
argument if it can be constructed with the following construction rules. Of
course, other argumentation schemes (for example analogy!) may give shape
to the structure of these tuples as well. However, here in this very rudimentary framework, we restrict ourselves to the intuitions we represented in the
support-relation. First three basic rules will be presented.
Construction Rule 1:
Let E:- cF,R,Q1 be a theory and ~p E EF, then C{~p},~J,~o~
ment.

is an argu-

Comment:
This argument is called the trivial argument. An actor who raises such an
argument is not capable of or prepared to supply further evidence. He makes a
commitment with respect to ~o and in this monological deliberative environment this entails that no attempts to find further support are undertaken. He
might look for counter-evidence but the fact in itself remains undisputed.
However, the significance of this at first sight odd argument becomes clear in
a distributed environment.

Construction Rule 2:
Let E be a theory, B S EF and X EEF such that B U {X} ~~ and B U {X}
is consistent. Then GB U{X},~ó,tL 1 is an argument based on E iff there is
no subset 0 of B such that 0~,~ .
Example:
Let E:-~{b'x[P(x)~Q~(x)],~Ql(a),P(a)},{Qi(x)~QZ(x)},Q~

be a theo-

ry. Then A:- ~{b'x [P(x) ~Q~ (x)],P(a)}, 0,Ql(a) ~ is an argument, according to construction rule 2.
Comment:
If a conclusion can be derived classically, then an argument must comprise
exactly those formulas which are required in the derivation. As we argued in
the previous section the whole path must be represented. Arguments must be
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rooted in EF and~or in tautologies, but they cannot be based on the deductive
closure of the facts.
Construction Rule 3:
Let E be a theory with r; : An (r;) ~ Co (r;) E ER and let G B, P1, ~p ~ be an
argument based on E. Then G B,{An(r;) ~ Co(r;)}, Co(r;) ~ is an argument
based on E iff ~p ~An(r;) and B U{Co(r;)} is consistent and not B~-Co(r;) .
Example:
Let E:- ~ {P(a)}, {P(x) ~Q(x)},a~ be a theory. Then according to construction rule 3, A:- ~{ P(a) }, ( P( a)~ Q( a)}, Q(a) ~ is an argument based on
E. For there is an argument G{ P( a)},~, P( a)~ constructed by Rule 1 and
there is a rule r;: P(a)~Q(a) EER. Furthermore, {P(a), Q(a)} is consistent and we do not have P(a) ~ Q(a) .
Comment:
Note that with these construction rules we imposed a relevance condition on
both B and 0. They are both minimal and maximal with respect to the conclusion ~p, the conclusion of A, i.e. they contain exactly those facts and rules
which are necessary to derive ~p. For instance, if G B, A, ~p 1 is an argument,
and B' C B C B" then neither GB', 0, ~p 1 nor GB", 0, ~p 1 are arguments. Similarly, if GB, 0, ~p 1 is an argument, and 0' C 0 C 0" then
neither GB, 0', ~p ~ nor GB, 0", ~p ~ are arguments. The idea is that you
have to specify exactly those formulas and rules which are necessary to support ~o . As a result cyclic paths can be avoided.
Example:
Let E:- G { P(a) , P(b) ,~H(a,b) },{ P(x) ~ Q(x)}, a~ be a theory. Then,
A1:- G{P(a),P(b)},{P(a)~Q(a)}, Q(a) 1 clearly is not an argument, since
P(b) is not relevant. Alternatively, A2: - G{P(a), },{P(b)~Q(b)}, Q(a) ~ is
not an argument either; it fails to show why the fact P(a) is relevant for conclusion Q(a) . So, both "underspecification" and "overspecification" affect
relevance and consequently the correctness of an argument. Anyone who puts
forward A, or Az does not offer an argument. The latter might be identified as
a kind of analogy-argument, but on purpose we do not take those "arguments"
into account here! The adoption of such an argumentation-scheme should be
motivated first in our approach to relevance and in our notion of support.
Example:
Let E be a theory with EF: - {P(a) n P(b) , Q,(a), ~Q,(b) } and with
ER :- { P(x )~ Q,(x), Q, (x )~ Qz(x) } and Q an arbitrary ordering on ER . Then
the following arguments, based on E can be constructed:
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A, :Az :A3:Aa:AS:-

G{ P(a) n P(b) }, Ql , P(a) n P(b) ~
G{ P(a) n P(b) },~, P(b) 1
G {Q,(a)},~ó,Q,(a) ~
c{P(a) n P(b)},{P(a)~Ql(a)},Q,(a) 1
G {Ql(a)},{Q,(a)~Qz(a)}, QZ(a) ~

Note that in our approach the following tuples are not arguments based on E:
A,:- G{~Q,(a)},{P(a)~Q,(a)}, ~P(a) ~ no contraposition on rules
AZ :- G{ P(a) }, Ql , P(a) 1 since P(a) ~ EF

A3:- G{P(a),P(b)},{P(a)~Ql(a)}, Q,(a) ~ since {P(a),P(b)} ~ EF
Aa :- G{ P(a) n P(b) },{ P(x) ~ Ql (x) }, Q, (a) ~ since we require the
instance P(a) ~ Q,(a) instead of the rule itself.
Now, evidently in order to construct more complex arguments, we must generalize construction rules 2 and 3. Here we restrict ourselves to some main
patterns.

Construction Rule 4:
Let A:- G B, 0,~p 1

be an argument, based on a theory E and let X E WFF
such that B U Form(0) U {X} ~-tG and B U Form(~) U{X} is consistent.
Then GB U{X},O,tG ~ is an argument, based on E iff it is not the case that
B U Form(0) ~ ~ .
Example:
Let E be a theory with EF: - {pl, pl ~qi, pz, ~p2 V~p3, pa ~ r} and with
~x--{ql~r, ~ps~~r, pi~pa, pa~~r} and let Q be an arbitrary ordering on
ER . Then according to construction rule 4 A,: - ~{ p1, pa y r}, { pl ~pa }, r~ is
an argument based on E, because A2: -~{ p1) ,( pl ~pa },pa ~ is an argument
based on E .

Construction Rule 5:
Let E be a theory with r; : An (r, )~ Co (r;) E ER and let G B, 0, ~p 1
argument based on E. Then G B, ~ U {An(r;) ~ Co(r;)}, Co(r;) )

be an

is an argu-

ment based on E iff ~p ~-An(R,) and B U{Co(R,)} is consistent and not
B U Form (~) ~Co(r,) .
Example:
Given the theory that illustrated construction rule 4, the following argument
can be made according to construction rule 5. A:- ~{ p,, pl yql }, {ql ~r},r~
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Construction Rule 6:
Let G{~p v,~ }, P1, ~p v~~ be a trivial argument based on a theory E and
let A- {~~X,,~~X}~ER; then G{~p v~},{~p~X,~G~X},X~
is an
argument based on E as well if {~p v ~} U Form (~) is consistent.

Construction Rule 7:
Let G B, ~, ~p ) and G B' , 0' ,,~ 1 be arguments based on a theory E with
B U B' U Form(0) U Form(0' ) is consistent, then

G B U B' , 0 U 0' ,~p n,~ , is an argument as well.
Comment:
If an actor is willing to commit himself to both ~p and tG and the applied
information is compatible, then he must be allowed to commit himself to the
conjunction of both formulas.
In fact these construction rules are syntactic rules; they do not constitute an
idea of "valid inference". We only want to express the idea that actors belonging to a certain group may put forward these constructions. There is an "inferential dimension" far as these arguments give shape to the idea of support, but
basically they are only the starting-point of the inferential process rather than
the result; the inferential apparatus will be based on these arguments. Whether
it is meaningful, suitable, wise or sufiicient to put forward such a construction
is determined at a higher level. The process of constructing arguments is
governed by the formal properties of the inferential apparatus.

5.6.2. Some related notions
The following related notions are required in order to make a proper use of
arguments in an ABR - framework. Again, most of their significance will
become clear in a distributed environment.

Definition:
Let A:-

(subarguments)

GB,~,~p~ be an argument based on E, then a tuple A':-

GB',

~' , r9 ) is a subargument of A iff A' is an argument based on E and
B' S B and 0' S 0. A' is a proper subargument of A iff A' is a
gument of A and A is not identical to A.

subar-

Proposition:
If B is a subargument of A and conc(A) - ~p and conc(B) - 6, then{~p} U{B}
is consistent; moreover, if B is proper then not: ~p - B.
Definition:

( single argument)
An argument A:- G B, 0, ~p 1 is single or elementary if it is of the form
A:- G{An(r), {An(r) ~ Co(r)}, Co(r) ~ where An(r) is a literal or if it is of
the form G{~o,~o ~~}, fd ,~} where ~o is a literal.
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Definition:
(coordinatively compound argument)
An argument A:- G B, 0, ~p ~ is coordinatively compound if relevance cannot be established by a literal; the simultaneous occurrence of some facts is
required. Note that the following arguments all satisfy this condition:

~ {~,, ~z},{~, n ~02 ~,G},~G ~
~{~, n ~2},{~, n ~z~,~},~~
~ {~,, ~vZ, ~, ~ ~z-~ ~G},~, ~G ~
~ {~o~ n ~02, ~, ~ soz -~ ~G},~, ~G ~
Comment:
Now this straightforward characterization of single and coordinatively compound arguments does not match fully the ideas behind these notions as they
have been developed in pragma-dialectics, but in this elementary model they
suffice. The idea behind the latter notion is that a commitment to a certain
standpoint is based on a simultaneous commitment to some facts that are not
sufficient in isolation, but together they allow for a legitimate commitment.
Definition:

(subordinatively compound argument)
G
An argument A: B, 0, ~p 1 is a subordinatively compound argument if it
has a non-trivial proper subargument. In this type of argument the reason for
the ultimate conclusion is not a simple fact (giving rise to a trivial subargument) but it is the conclusion of a non trivial argument itself, thus giving
shape to an idea of chaining. For example, both A~: - ~{ pl , p4 y r},{ pl ap4 }, r~
and A": - ~{ pl , pl ~ ql }, {ql ~r }, r~ are subordinatively compound arguments.

Definition:

(multiple argumentation)

Informally put, multiple argumentation arises if an actor puts forward two
independent arguments, based on [he same theory (the same source), that both
consistently support the same standpoint. Let E be a theory with arguments
A' :- G B, ~, ~p ~ and A" :- C B' , 0' , ~p ) both based on E such that
B U B' U Form(0) U Form(0' ) is consistent.
multiple argumentation for ~p on basis of E.

Then, by definition there is

Comment:
Note [hat multiple argumentation is not the same as just two or more arguments. The applied facts and rules must be compatible and they must emerge
from one and the same information-state. An actor may commit himself in a
discussion to a certain conclusion based on certain information and in a later
stage commit himself to that conclusion based on different information! The
significance of multiple argumentation will be more evident in a distributed
environment, once different information states are involved.
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5.6.3. Stable arguments
Following our ideas about inference, until now we accepted weakly inconsistent sets and we allowed rules to be applied with conclusions that are incompatible with the facts. Nevertheless, for specific reasoning tasks this might be
to liberal. Sometimes we simply demand both full consistency in EF, and we
also want to give priority to facts above rules. We only allow a subset0 S R
applicable if Co(0) is consistent with EF. In addition, we might try to get
inference procedures which behave more traditionally than the ones we gave in
the previous section. We might prefer arguments which are more careful and
we can define new inference relations for these arguments, which we will call
stable arguments.

Defmition:

(stable arguments)

An argument A:- G B, ~, ~p ~

based on a theory E is stable iff for each

subargument A' , of A, conc(A ~ is consistent with EF. An argument is unstable if it is not stable. Clearly, in general there are two major causes for unstable arguments. The first appears when EF itself is not consistent; then obviously every argument based on F cannot be stable either; a stable argument
can only be based on a consistent subset of EF. The second cause arises when
EF is consistent, but Co(r,.) of a certain applied rule r; is inconsistent with EF.
Example:
Let E:- G F, R, o~ be a theory

F: -{ pl, pi -~ (pz v p3 ), ~P3 , Pa }
R: - {p, ~ p4 , p4 ~ Ps ~ Pa ~ ~Pz ~ ~Ps ~ ~PS ~ ~Pz ~ Ps }
Then A~: - G{ p~ }, { p~ ~ p4 }, p41

is stable, since p4 is consistent with EF

just like the trivial subargument of A~ .
However, A,: - G{ p4 }, { p, ~~pz }, ~pz ~ is unstable, since ~p, is not
consistent with EF. A3:- G{ p4}, { p4~ ~pZ, ~pZ~ps }, ps ) is unstable as
well. Although p5 is consistent with EF , one of the premisses used to derive
this formula, i.e. ~p, is not consistent with EF. More precisely, A3 has an
unstable subargument, Az .
Proposition:
An argument A is stable iff all its subarguments are stable.
As we will see, this idea of stable arguments might be of importance once
comparison of arguments is at stake.
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5.7.

ARGUMENTS AND ATTACK

5.7.1. Counterarguments
As we stated before arguments presuppose a dialectical situation, in which
both the conclusion and the way this conclusion has been reached can be
challenged. It must be possible to cast doubt on expressed standpoints. In a
monological environment, where we have only one theory at our disposal and
no real antagonism arises, possibilities for attack are limited.

One straightforward way to cast doubt on an advanced standpoint is to
construct a counterargument. An actor who advances a counterargument is
willing to take an opposite commitment against a standpoint that is expressed
in a certain argument or in a subargument of it.
Defiinition:
(counterargument)
Let A and B be arguments, based on E. Then B is a "rebutting" counterargument of A iff conc(B) is incompatible with conc(A) . B is an "undercutting"
counterargument of A, iff there is a proper subargument A' of A such that
conc(B) is incompatible with conc(A'). This terminology is taken from
[Pollock, 1987] .
Example:
F:-{p~, P1 "41, PZ~ ~PZV ~P3, P4~P5}
R:-{p2~~q1,

~P3~~r, 41'r, p4~~r)

o:-[p2~~q1]'[~P3~~r, 41~r]'[P4~~r]

Take the following arguments:
A:-~{P~,P~~41},{91~r},r~ B:-~{p~,Pi"9~},0~9~'~
C:-~{pZ},{p2~~q1} ~q~~ and D:-~{PZ,~p2~~p3}~{~p3~~r},~r~
where B is a proper subargument of A, A and D are rebutting counterarguments of each other and C is an undercutting counterargument of A.
Comment:
A counterargument can be put forward as an attack on a previous argument.
Obviously in ABR, arguments are not unilateral proofs, but they interact,
they interfere with other arguments and usually this establishes a process of
deliberation. However, it should be noticed here tha[ in a debate different
kinds of interference are possible, not only those based on the appearance of
counterarguments. As we saw, a monological environment shows some examples as well; take for instance arguments based on construction rule 7, where
two arguments may give rise to a new one, allowing for a kind of "meet" of
the two arguments. Or take the idea of multiple argumentation. Or- but this
demands a distributed environment- imagine a dialectical situation, where an
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argument A is followed by an argument B, that strengthens the conclusion of
A by supplying a more specific conclusion. Here, in this introductory presentation we are primarily interested in a kind of interference which induces
conflict and deliberation. We will call this negative interference.
Definition:
An argument A, based on a theory E, negatively interferes with an argument
B, also based on E, if it is a rebutting or undercutting counterargument of it.
Comment:
Obviously, the relations of "interference" and "rebutting counterargument" are
symmetrical; that of "undercutting counterargument" is not. Again the distinction we made can be motivated from our conceptual model. A rebutting counterargument leads to a new commitment and attacks the conclusion of an
argument, made by an interlocutor. An undercutting counterargument attacks
the information used in the argument. It leads to a new commitment as well,
but this is not necessarily incompatible with the initial conclusion.
From the point of view of "resolving conflicts of opinion", the fact that
there is a rebutting counterargument is the most urgent. It directly induces a
conflict which has to be solved. The notion of an undercutting counterargument is less devastating, especially when the undercutting counterargument
cannot be extended to a rebutting counterargument. In tha[ case we can only
criticize a reasoning step in the argument for ~p , but we do not have positive
evidence for ~~p . Although, of course, this fact can lead to a conflict as well,
there are debates imaginable where such an undercutting counterargument is
no reason to question the value of the argument with conclusion ~p .
Many other situations are possible, if we only take these two counterarguments into account. For example, take two arguments A and B with compatible conclusions, but with proper subarguments A' and B' such thatconc(A')
and conc(B' ) are incompatible. So, in our terminology there are two arguments, but there is no occurrence of multiple argumentation. Whether this is
problematic or not, again depends on the dialectical situation. In the next
chapter more relations between conflicting arguments will be established.
First, we will try to give shape to an inferential apparatus based on this notion
of an argument.

S.ó.

ARGUMENT BASED INFERENCE

5.8.1. A few notions of derivability
As we mentioned before in Chapter 1 a consequence-relation in classical logic
is just any subset of ~(WF1~ x~(WFFj. Obviously this characterization is
unsatisfactory in any system which applies two disjoint sets of expressions:
facts and rules. So, a modification is required. This can be done in a straight115

forward way by introducing inferencerelations. Here, for the time being,
inference relations are just subsets of Th(L) x~(WFF), where Th(L) denotes
the set of all theories based on L. In general:
GF,R,a 1 ~; {~pl,...,~p„}
where i is an index, denoting specific properties of the inference relation.
A second modification is also both natural and foreseeable from the point
of view of ABR. In this section we will show how inference-relations can be
based on arguments rather than on sets of formulas. We introduce several
notions of derivability, all based on arguments. In this section we restrict
ourselves to so-called type 1-derivability which means that only the presence
andlor absence of arguments determines the ultimate derivability or non-derivability of a formula. Type 2-derivability which also takes the structure of an
argument and its "relative force" into account and which presumes a notion of
defeat, will be discussed later. Here, we mainly present these inference-relations to indicate how logical notions can be altered in order to make them
more suitable for more realistic theories about reasoning, in our case ABRsystems. We do not claim that these inference-relations are already sufficient
for these aims. In fact, the relations will be very restricted and primitive, as
we announced in the beginning of this chapter. Nevertheless, this type 1-derivability, although it excludes comparison of arguments, sometimes does capture
a primitive notion of deliberation. The three following inference relations are
all of type 1-derivability and thus suitable for illuminating the basic principles
of ABR.
Definition:
A formula ~o is weakly derivable from a theory E:- G F, R, a 1 iff there is an
argument A based on E, such that conc(A)-~p. Notation: E~W~p.
A formula ~o is strongly derivable from a theory E:- G F, R, a~ iff there is
an argument A based on E such that conc(A ) -~ and for all argumentsA'
based on E, conc(A' ) is consistent with ~p. Or equivalently, ~p is strongly
derivable, iff there is an argument A for ~p and A' has no rebutting counterarguments. Notation: E ~-S~o.
A formula ~p is solidly derivable from a theory E:- G F, R, a~, iff there is
an argument A based on E, such that conc(A)-~p and for all arguments A;
based on E we have that all subarguments of A; are consistent with all subarguments of A. Or equivalently, ~p is solidly derivable iff there is an argument
A for ~p and A has no undercutting counterarguments either. Notation: E~-,o~p.

116

Example:
Let E:- G F, R, Q~ be a theory with

F:-{pi~Pi~(~Pz uP3), ~P3,Pa}
R: - {P i ~ Pa ~ Pa ~ Ps ~ Pa ~ ~Pz ~ ~P3 ~ ~Ps ~ ~P3 ~ ~Pa }
and v an arbitrary ordering on R.
Then:
E~W ps , for there is an argument A~ :- G{ p1 }, { p~ ~ pa , pa ~ ps }, ps ~ based
on E such that conc(A, ) - ps . But we also have E~W ~ps , for there is an
argument

Az: - G { ~p3 }, { -~p3 ~ ~ps }, ~ps ~

based on

E

such that

conc(Az) - ~ps.

Consequently, both formulas cannot be derived strongly.
However, -~pz is strongly derivable. We have E~-S -~pz , for there is an argument A3: - G{ pa }, { pa ~~pz }, ~pz 1 such that conc(A3) - ~pz and for all
arguments A~ , based on E, conc(A~ )

is consistent with ~pz . There are no

rebutting counterarguments. Now, the question is whether

~pz

is solidly

derivable. Since A3:- G{pa}, {pa~~pz}, ~pz1 has an undercutting counterargument, namely Aa: - G { ~p3}, { ~p3 ~ ~pa}, ~pa ) , A3 cannot establish
solid derivability. However, ~pz may be solidly derivable if we can generate
another argument for it, based on E which has no undercutting counterarguments. Indeed, such an argument can be obtained.

As: - G{p~,pl ~(~pz v p3 ), ~p3 }, QJ, ~pz ) , which is based entirely on EF,
has no undercutting counterarguments. Therefore we have E ~-SO ~pz . The
elementary relations between weak, strong and solid derivability are straightforward. For example, if E ~W~ then not E~-5 ~~ and if E~-SO~ then also
E ~5~ and also E ~W~.
5.8.2. Some remarks on type 1-derivability
Some remarks must be made here, to show how these notions of derivability
give shape to ABR. First, we will show how the concept of positive evidence,
which we introduced earlier in our section on the support relation, comes into
play at the [eve! of inference relations. Secondly, we will explicate how and to
what extent these relations give rise to deliberation and how they deal with the
idea of conflict resolution that underlies our conceptual model.

Positive evidence
What all three relations have in common is that they demand at least some
positive information for a conclusion. As a result, the non- wls~so-derivability
of a certain conclusion ,~ never implies the w~sl so-derivability of -~ ~. Furthermore, E~ S~ does not imply E~-W ~~ and E~ w~ does not imply
E~-W~~. We do not allow inferences for a formula ~, which are only based
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on the non-derivability of ~~p or the non-availability of arguments for its
negation.
The non-availability of counterarguments does play an important role in
strong and solid derivability of course, but there must always be at least one
argument for a formula ~, to make this formula derivable. In fact, the same
idea underlies at a more basic level the construction of the concept of argument itself, as we defined it in section 5.6. An argument is based on the support relation, which guarantees that the conclusion can be obtained by positive
information expressed in facts and rules. Here, at the inference level we demand a similar principle. We want commitments to a specific standpoint based
on commitments to positive facts and rules.

Deliberative inference and conflict resolution
Weak derivability may be based on arguments, but it is not deliberative at all;
there is no check or search for any argument that might support an opposite
conclusion. So, unlike strong and solid derivability, weak derivability doesn't
provide us with any information about the (non-) derivability of the negation
of a certain formula. But also from the point of view of our conceptual model
of ABR, which presupposes conflict resolution as the goal of a critical discussion, the fact that a formula is weakly derivable is not very informative too. It
is a very tolerant and liberal notion of inference that rejects any idea of solving a conflict of opinions; a formula and its negation may coexist in the system.
From our pragmatic point of view, strong and solid derivability, are deiinitely more interesting, since they enable us to give a first precise (though
primitive and insufficient) account of the general principle of "solving a conflict of opinions" . This phrase covers many dialectical situations and accordingly many speciiic reasoning tasks. Strong and solid derivability do provide
two specific intended interpretations of this more general idea of conflict
resolution.

First, strong derivability indicates that one is not able to derive a rebutting
counterargument based on a specific theory. There is a commitment to ~p,
based on at least one argument and there is no commitment to ~~p at all.

Of course, in and by itself strong derivability does not guarantee the solution (or the avoidance) of conflict, since there may be undercutting counterarguments. Therefore, if we want to rule out any possible conflict we have to
demand solid derivability. Once a formula ~p has been derived solidly from a
theory E, there is no way to attack one of its subconclusions.
In a certain sense, we can state that if a formula is only weakly derivable,
but not strongly derivable, this implies the existence of a conflict which needs
to be solved. However, even if a formula is strongly derivable, a conflict
might occur once undercutting counterarguments are involved. Clearly, different inference relations can be associated with different ideas of conflict and
subsequently different notions of conflict resolution. For instance, in specific
situations, the notion of an undercutting counterargument seems less devastat-
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ing as long as it cannot be extended to a rebutting counterargument. In that
case we only can criticize a reasoning step in the argument for ~p , but we do
not have positive evidence for ~~p. Although, of course, this fact can lead to
a conflict as well, there are dialectical situations imaginable where such an
undercutting counterargument is no reason to question the value of the argument with conclusion ~p . In that particular case one might claim that the conflict has been "solved".
Obviously, many other dialectical situations are possible, if we only take
strong and solid derivability into account. We already mentioned the example
of two arguments A and B with the same conclusions, but with proper subarguments A' and B' such that conc(A'), conc(B') ~-l. Clearly, no multiple
argumentation is involved here, due to this incompatible information. Whether
this is problematic or not, again depends on the dialectical situation. Before
we discuss some adjustments to and alternatives for these inference-relations,
their formal behaviour is discussed.

5.9.

NON-MONOTONICITY AND CUMULATIVITY

Now the question may arise how these inference relations behave in relation to
the usually demanded properties of non-monotonicity and cumulativity as
formulated in the work of [Kraus, Lehmann, 1989] and [Gabbay, 1985]. Let
us restate those notions which we mentioned earlier in Chapter 1. For the sake
of convenience we restrict ourselves to the finistic version. A consequencerelation ~- is cumulatively monotonic iff ~ meets
if E

cp and E

~r, then E v{~r }

A consequence-relation

cp

cumulative monotonicity

~- is cumulatively transitive iff ~ meets

if E~r and E u{~r }

cp then E

cp

cumulative transitivity

Before we can compare our inference relations with respect to these properties
some adjustments must be made, since, as we saw, these properties relate to
consequence relations which are merely sets of formulas. Strictly spoken,
~p E E does not make sense when E is a theory. It should be replaced by
~p E EF. If there is no risk of confusion, we sometimes will even writeE U{~p}
where E U G{~p}, (11, (á ~ would be the appropriate but inconvenient expression. Similarly, r~ E E is meaningful too, if we interpret it as r~ E ER .
Furthermore, it is obvious that the property of reflexivity is only defined for
formulas. E~-r~ is meaningless, since, as we stated already, rules can never
be conclusions and consequently there is no opportunity to derive new rules!
This has another important implication. The fact that our theories comprise a set of facts EF and a set of rules ER is only important with respect to
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the question of monotonicity. Updating (in the sense of augmenting) a theory
E can be done by adding a formula to EF or adding a rule to ER. So with
respect to the monotonicity of the system we have to take into account two
kinds of updates. But for cumulativity this distinction obviously does not make
sense. Cumulativity is concerned only with updates which are the result of a
reasoning process, i.e. a conclusion, which is by definition always a member
of WFF and we cannot add an element of the language to R.
Now, obviously with respect to weak derivability the question is quite
clear.
Proposition:
Weak derivability is monotonic and consequently cumulative.
This proposition in itself is trivial, since the addition of facts or rules may
only increase the number of arguments which can be generated, but they
cannot "deconstruct" or "withdraw" an argument "as a syntactic construction".
Conclusions can only be invalidated if specific counterarguments are developed. However, due to the non-deliberative character of weak derivability,
counterarguments are not even taken into account. They are irrelevant for
weak derivability.
Proposition:
Strong derivability and solid derivability are non-monotonic.
Again this is trivial. If we have E~-5 ~p , then any added fact or rule may give
rise to a rebutting counterargument. Since strong derivability, unlike weak
derivability is sensitive to this type of counterarguments, earlier derived conclusions may be invalidated. Consequently, solid derivability is non-monotonic
as well. The question is, of course, how these inference-relations behave with
respect to cumulativity.
Proposition:
Strong derivability and solid derivability are neither cumulatively monotonic,
nor cumulatively transitive.

Proof:
(Counterexample for cumulative monotonicity of strong derivability)
For convenience we use ~o and a in our formulas, though strictly spoken
these symbols denote meta-variables. Let E be a theory withEF: -{p~ , p2 }
and ER :- {p,~~P, p2~ ~p3, ~p3~a, a~p3, p3~ ~So }. Then we get E~S ~P,
for there is an argument A: - G{p~},{pt ~ ~p}, ~p 1 based on E and there are
no rebutting counterarguments. Furthermore, we obtain E ~-Sa for there is an
argument AZ:- G{pZ},{pZ~

~p3, -~p3~a}, a ~ and again there are no rebut-
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ting counterarguments. However, this does not imply that E U{a} ~-S ~y .
There is an argument A3: - C{ a},{ a ~ p3 , p3 ~~~p }, ~~p 1

based on this

augmented theory E U{a} . Consequently, ~p cannot be derived strongly from
E U {a} .
(Counterexample for cumulative transitivity of strong derivability)
Given a theory E with
EF:-{p~}
ER:-{p,~pz,Pz~a, a~~Pz, ~Pz~~P,}.
Then we get E U{a}

~S~p, for there is an argument

A3: - G { a},{ a~~pz, ~pz~~p }, ~p ~ which has no rebutting counterarguments. We also have E~-S a, for there is an argument
AS:- G{p~},{pl ~pz,pz~a}, a 1 which has no rebutting counterarguments
either. However, this does not imply that E~-S ~o. Even worse, there is no
argument for w based on E at all; ~p is not even supported by E.
It is easily veriiied that solid derivability lacks both properties as well. Given
our starting points, this lack of cumulativity is not very surprising. We explicitly intended to make a distinction between independent information in a theory
and information which can be derived from facts and (risky) rules of the theory itself. It does not make sense to add a formula ~p , which has been derived
"defeasibly", to the facts of the information-state, thus suggesting that it is
independent information. Therefore, following the requirements of our model,
there is no reason to consider this behaviour as a drawback. On the contrary,
it gives us the opportunity to specify several distinguished commitments of
agents.
Nevertheless, since in non-monotonic logic these properties of cumulativare
more or less canonical, let us analyze how weak, strong and solid
ity
derivability behave if we define our system in a more traditional way, by
taking only stable arguments into account. Although we might expect inference procedures which behave more modest, we will show that the differences
with the more general notions of derivability of the previous sections are not
very strong. The following results are only relevant for inference relations
based on stable arguments. We will use the abbreviation "s.a." to indicate that
the inference relation is based solely on stable arguments.
Proposition:
Weak derivability (s.a.) is non-monotonic with respect to EF, but monotonic
with respect to ER .
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Proof:
First we have to show that EF S I'F does not imply (E ~W~p ~ I' ~-W~p). A
counterexample suffices here. Let E:- G { p}, {p~ q}, v 1 and
P:- G { p, ~q }, { p~ q}, Q~, then we have
I' ~Wq. There is an argument A:- G{ p},{ p~
not stable. Now, we have to prove that ER S
However, this is trivial, because adding a rule

EF S PF and E~-Wq but not
q}, q 1 based on I' , but this is
I'R implies (E ~-W~p ~ I' ~W~p).
to R cannot make an argument

unstable. So, if we have a formula ~p which has been derived weakly (s.a.)
from a theory E, this derivation persists when a rule is added to the theory.
This result emerges from the idea of giving priority to facts above rules.

Proposition:
Strong derivability (s.a.) is non-monotonic with respect to both EF and ER.
Proof:
First, we have to show that EF ~ I'F does not imply E~-S~p then I' ~-S~p .
Again, let E:- G{p}, {p~q},a1 and I':- G{p,~q}, {p~q},o~, then
we have EF S I'F and E~Sq, but not I' ~-Sq, since there is no stable argument for q based on P. In fact, I' even gives rise to a stable argument
G{~q}, ~d ,~q 1. Obviously, also ER ~ I'R does not imply E~-S~o then
I' ~S~o. As an example, let E:- G{p~,pz},{p~~p3},a ~ and

P:- G{P~,Pz},{p~~p3,pz~~p3},T 1, then we have ER ~ I'R andE ~Sp3
but not P ~Sp3, because of the stable rebutting counterargument
A1: - C { pz }, {pz ~ ~p3 }, ~p3 ) , based on I'.
Proposition:
Weak derivability ( s.a.) is neither cumulatively transitive, nor cumulatively
monotonic.
Proof:
First we prove that weak derivability ( s.a.) is not cumulatively monotonic, i.e.
E~-w~ and E~w.a does not imply EU{a} ~W~.
Suppose E~-w~ and E~-W ~~. Now adding ~~ to EF invalidates the derivation E~W~. It is easy to show that weak derivability is not cumulatively
transitive as well. A counterexample is sufficient. Let E be a theory such that
EF:-{p~} and ER {P,~Pj.P3~PrPz~ ~P3 }. Obviously, we have

E U{p2}

~K, ~p3. We also have E ~Wpz since there is an argument

A: - G{p~}, { p~ ~ p3,p3~ pz}, pz ~ based on E. However, this does not imply
E~-~,~p,
. There is no argument for ~p3 based on E.
~
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Proposition:
Strong derivability (s.a.) is neither cumulatively monotonic nor cumulatively
transitive.

Proof:
(Counterexample for cumulative monotonicity of strong derivability)
Given a theory E with EF: -{ p~ , p2 } and
ER:- {pi~~P,pZ~ ~p3,~P3~a, a~p3, p3~ ~~p}.
Then we get E~5 ~p, for there is an argument A: - c{ p, },{ p, ~~o} ,~o ~ based
on E and there are no rebutting counterarguments. Furthermore, we obtain
E~-5 a, for there is an argument A2:- C{pZ},{p2~ ~p3, ~p3~a},a ~ and
again there are no rebutting counterarguments. However, this does not imply
that E U {a} ~S ~o .

There is an argument A3: - G{ a} ,{ a~ p3 , p3 ~~~p },~~p ~ based on this
augmented theory E U{a} . Consequently, ~p cannot be derived strongly from
EU {a}

(Counterargument for cumulative transitivity of strong derivability)
Given a theory E with
EF: - {Pt }
ER:-{p,~pZ,Pz~a,a~~pZ, ~pZ~~p}.

Then we get E U{a} ~S ~o, for there is an argument
A3:- c{a},{a~ ~pZ, ~p2~~p },~o ~, which has no rebutting counterarguments. We also have E~S a, for there is an argument

A5: - c{p,},{p~ ~ pZ, pz~a}, a 1 which has no rebutting counterarguments
either. However, this does not imply that E~5 ~p. Even worse, there is no
argument for ~p based on E at all; so, ~p is not even supported by E.
It is easily verified that solid derivability is not cumulative either. One could
argue that the lack of cumulativity in our system is due to the fact that the
rules, chosen in R are not very realistic and that consequently the theories we
use do not represent reasonable information-states. Obviously, putting new
constraints on these rules (for example, prohibiting ~o ~ tG and ~~ tli to occur
both in a set of rules), could make the system cumulative indeed, but in our
opinion, our restriction to stable arguments is too strong already. These new
conditions cannot be motivated from our conceptual model and therefore
would make the system of not much use.
Clearly, the beforementioned inference relations are not the only instances of
type 1 derivability. Another possibility would be to consider relations which
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take the cardinality of arguments into account. For instance, a formula ~p is
derivable if the number of arguments for ~p exceeds the number of arguments
for ~~p. Though to a certain extent this looks a little more sophisticated than
only taking the presence andlor absence of arguments and counterarguments
into account, and although counting arguments turns out to be useful in numerous reasoning tasks, it still is not very satisfying. Counting is not evaluating; the structure of arguments is not taken into account. Nevertheless, it is
important to note that sometimes we have to take cardinality into account in an
ABR-formalism. But we will motivate this at a"higher level" in Chapter 6,
when aggregated knowledge of several agents comes into play.

Though a real examination of the structure of arguments requires a distributed environment, we believe a short presentation of type 2-derivability must
be given in this introductory chapter. One reason for not postponing this item
totally, is that it enables us to show the relevance of the preference relation on
the rules we defined in section 5.4 and which has been neglected until now.
But another aspect we postponed must be discussed first; the goal of the
reasoning process.
5.10.

GoACs

Following the conceptual model, the parameter of functionalizing demands an
initial conflict description, indicating what specific goal the critical discussion
has. Here, we restrict ourselves to the well-known types of mixed and nonmixed and simple and compound conflicts. Formally, a set of goals G ~ y~(WFF)
consists of sets of well-formed formulas. The sequence of sets in G should be
read as an exclusive disjunction; an actor can only commit himself to one
specific set.
-

denotes a non-mixed simple conflict; the underlying conflict
of opinions is whether one is willing to make a commitment to ~p or
whether one is not prepared to make this commitment.

-

G-{{~p} , {~~p}} a mixed simple conflict based on strict consistency;
the underlying conflict of opinions is whether one is willing to make a
commitment to ~o or to ~~p . One is not allowed to commit oneself to
both.

-

G-{{~p, ~~o} } a mixed simple conflict based on weak inconsistency;
the underlying conflict of opinions is whether one is willing to make a
-unavoidably weak- commitment to both ~p and to ~~o if there is
sufficient, acceptable or rather appropriate evidence for both premises.

G-{{~p}}
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-

G-{{~p, ,l,}} a non-mixed compound conflict in juxtaposition; the
underlying conflict of opinions is whether one is willing to make a
commitment to both ~p and to ,~ .

-

G-{{~p n ,~}} a non-mixed compound conflict in conjunction; the
underlying conflict of opinions is whether one is willing to make a
commitment to ~p ~ ~ .

All kinds of combinations are possible, but only these types of conflict will be
discussed.

5.11.

SOME INTRODUCTORY REMARKS ABOUT DEFEAT

It is quite obvious that an adequate ABR-framework needs more sophisticated
inference-relations. However, before trying to make appropriate adjustments,
the problem must be approached from a more general perspective. This problem particularly arises in a distributed environment and -as we will show in
Chapter 6- also has to be solved in such an environment, but it will be discussed here as well.
On the one hand, the process of reasoning, as we adopt it, usually involves a great number of arguments we have to deal with. This is due to the
principle of deliberation, which demands counterarguments. And, this is due
to the critical concept of rationality, that demands full possibilities to search
for new information to cast doubt on a standpoint; arguments that all may
influence the ultimate outcome. As a result we require a deliberate and preferably compensatory model of argument.
On the other hand the model is resolution oriented. ABR is not a mere
generation of arguments and counterarguments. According to standards of
problem-solving validity, they must be combined and compared efficiently, in
order to obtain a conclusion, decision or choice that does justice to all the
available information. It is well-known in decision-making that rules are required that prevent the whole process to proceed "ad infinitum" . However,
there is no straightforward compensatory combination-rule for arguments.
Thus far we managed in achieving a quick "resolution" by our notion of type
1-derivability. It reduces complexity considerably, but it is too straightforward
and it is only deliberative in a very primitive sense. It is a kind of "one stepdeliberation", it is not compensatory. For instance, if one counterargument is
put forward, the non-strong derivability of a conclusion is a fact. No new
argument, superior or not, can "repair" it. And this is not the compensatory
model of inference we want.
An inference procedure that really analyzes the quality of the arguments
by a true comparison of the structure, i.e. a comparison of the (relative!)
strong and weak elements arguments, will be called type 2- derivability. Clearly, ABR demands examining this relative strength of arguments. One way to
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give shape to this, seems to develop a principle of defeat based on pairwise
comparison of arguments. If argument A is better than an argument B, than
sometimes this may allow us to take B no longer into account. Or at least give
priority to A. But what does it mean that one argument defeats another argument. Since arguments are based on theories we must check to what extent
criteria for defeat can be derived from our concept of a theory. First, we will
propose three criteria for defeat based on our notion of a theory. Secondly, we
will show that the applicability of these criteria is rather limited and that alternative solutions have to be taken into account.
Three criteria for defeat
Let E be a certain theory which allows two arguments, A and B.
A:- G{a~},{a~~~3},~i ~
B:- G{a2},{a2~ ~~3},~(3 )

with a and a atomic. Clearly, this is a very simple case, with two single
arguments. The concept of a theory allows for three straightforward criteria
for defeat based on the structure of both arguments. Informally put, defeat can
be arranged:
1. by taking the logical relations between a, and az into account; the wellknown criterium of specificity;
2. by giving priority to facts above rules;
3.

by applying the preference-ordering v in E.

Specificity
A single argument A:- G{ a, }, { a, ~(~ }, ~3 ~ is more specific than a single
argument B :- G{ a2 }, { a2 ~ ~ a},~(3 ~

iff az is logically entailed by a, ,

and not conversely or EF gives rise to a logical relation between a~ and a2,
for example because it contains a~ ~ a, . We will use the Tweety-example
here, where the logical relation is straightforward.
Example:
Let E be a theory with
EF:- {Bird(t), Penquin(t), dx[ Penquin(x)~Bird(x) ]} and
ER:-{Bird(x)~Fly(x), Penquin(x)~ ~Fly(x)}
which gives rise to the following two arguments:

A:-G{Bird(t)},{Bird(t)~Fly(t)},F[y(t)~
and
~Fly(t)},~Fly(t)1
B:-G{Penguin(t)}, { Penguin(t)~
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A straightforward notion of defeat can be obtained preferring the most specific
argument. Here, this means that the information applied in B is more specific
than the information applied in A because of bx [ Penquin(x) ~ Bird(x)] . The
applicability of this criterium is usually limited to simple arguments. Especially, when the structure is more complicated, like in subordinatively compound
arguments and when several facts are used in an argument with possibly more
complex logical relations, specificity is not of much value. Furthermore, it is
obvious that usually we cannot establish such a straightforward logical relation
between the "basic" facts of both arguments.

Facts above rules
In fact, this criterium already has been discussed by introducing stable arguments. The reason that we adopt this criterium here is the following. One
could imagine a debate where arguments can be developed freely, both stable
and unstable, but where in case of conflicting arguments the stable one wins!
Example:
Let E:- c F, R, v~ be a theory with F: -{ p, , p~-~ p2 ,~ p4 } and
R:-{p~~p4, p4~~pZ}. Then, A~:-G{p~,pl~pz},~1J,pz~
since p2 is consistent with EF. However

is

stable,

A,: - c { p, }, { p~ ~ p4 , p4 ~~pZ }, ~p2 ~ is unstable, since it has a subargument A2: - G{ p, }, { p,~p4,}, p4 ~ that is not consistent with EF. For this
reason, one couid prefer A~.
Preference-ordering
The third way to compare arguments is to take the preference-order on the
rules into account. As an example, we discuss a slightly modífied version of
the "Nixon-diamond".

Example:
Let E be a theory with
EF: - {Quaker(n), Republican(n) } and
ER: -{ Quaker(x) ~ Pacifistic(x), Republican(x) ~ ~Pacifistic(x)}
Eo: - [Quaker(x) ~ Pacifistic(x)] ~ [Republican(x) ~ ~Pacifistic(x)]
which gives rise to the following two arguments:
A: - c { Quaker( n ) } , { Quaker( n ) ~ Paciftstic( n ) } , Pacifistic( n ) ~ and
B: - c {Republican(n)}, { Republican(n) ~ ~Pacifistic(n)}, ~Pacifzstic(n) ~
One straightforward way to define defeat is to take the information into account which is given in the ordering v. Then, argument A is better than argu127

ment B since there is a stronger commitment to the rule used in A, than to
the rule used in B. Restricting ourselves to single arguments, a notion of
maximally strong arguments can be given in a straightforward way.
Definition:
An argument A1: - ~ B, { rl } , cp ~ based on E is maximally strong with respect
to all arguments of the form A~: - ~ B~, { r~ } , t!r ~ with i? 2 if we have [rl ]~[r~ ].
Furthermore, a formula ~o is maximally strong type 2-derivable given E, if
there is a maximally strong argument for ~p .
Another way to discriminate between arguments is to evaluate the facts
that are applied. However, it is important to note that until now this is not
possible. In our theories there is only an ordering on the rules, not on the
facts! As we will see in a distributed environment, ordering of facts can be
modelled in a different way.
Summarizing, we must conclude that this way to take the structure into
account is not satisfying. It applies only to single arguments with straightforward logical relations. Furthermore, it is not clear how an extensive pairwise
comparison should lead to a conclusion.

5.12.

A MODEL FOR DELIBERATE INFERENCE

Before we further develop these ideas further, let us summarize the logical
framework thus far by specifying a dialectical structure that gives shape to the
inferential apparatus.
Definition: A Dialectical Structure is a quadruple
DS - G G, a; , E~ , {~~} m, )
where:
- G S~(WFF) is a set of goals, denoting the type of conflict;
-a~ with i E{1,...,n} denotes an agent a;;
- E; is a theory associated with agent a~ ;
-{~~ }; , is a finite set of ABR-inference relations.
Goals
Although other goals like "select a subgroup of m candidates from a group of
n candidates with m G n" could also be the goal of a critical discussion, here
we restrict ourselves to the elementary conflicts we described in section 5.10.
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Actors
An actor is identified with a certain information state. In a monological deliberative environment, all arguments and counterarguments are based on the
same informationstate.

Information states or theories
In Chapter 5 we stated that for specific reasoning tasks it sometimes seems
natural to demand a weak ordering on the rules, i.e. for each theory GF,R, v 1
we demand that v E W(R) , the set of all reflexive, transitive, and complete
relations on R. However, to make the notion of a dialectical structure as
general as possible, we only demand reflexivity and transitivity. The idea is
that each theory or information-state can contribute to the solution of the
conflict. Every actor is associated with a theory. For each actor a;, E; denotes
the "knowledge" he might be willing to commit himself to, by constructing
arguments based on this theory.
Inference relations
Although it is possible that several inference-relations are applied in one specific critical discussion, we usually restrict ourselves to cases where only one
inference relation determines the entire critical discussion.
In this chapter we gave a basic framework for ABR, based on the considerations of our conceptual model. We introduced quite a number of preliminary
concepts. Some of these are primarily generalizations or modifications of
traditional logical notions. For example, classical theories are replaced by
triples of facts, rules and orderings on rules. Classical consequence-relations,
based on the availability of certain premisses, are replaced by ínference-relations, based on arguments.
Furthermore, we introduced some elementary notions derived from the
field of (informal) dialectics and debate, including deliberation, arguments,
counterarguments, subarguments, mediate and immediate relevance, commitments, attack, interference and defeat.
Thirdly, we tried where possible to motivate our basic notions from the
point of view of our conceptual framework.
However, the dialectical tradition in general and pragma-dialectics in
particular, presuppose a distributed environment. And indeed we believe that
most interesting reasoning problems emerge from a situation with several
actors with distinguished theories, different dialectical roles and intentions.
Therefore, since until now we restricted ourselves to the one agent environment, only the most general principles have been presented.
In the next chapter the required adjustments will be made and, more importantly, we will investigate how the model can be extended with several
social rules of conduct as well as specific decision theoretic notions to govern
the behavior of the actors and to further or maybe even to guarantee the fulfillment of the requirements of the debate: to solve a conflict of opinions in a
rational way.
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Chapter 6. A model for Argument Based Reasoning
Part 2: Distributed environment

6.1.

INTRODUCTION

Having introduced some basic notions of deliberative inference, we will now
further develop the formalism by introducing a distributed environment. According to our model we consider ABR to arise in a critical díscussion the
purpose of which is to solve a conflict between agents in a rational way. These
agents all influence the ultimate outcome of the debate and may contribute to
the solution of a conflict. On the one hand, the introduction of several actors
with their own information states seems a natural and necessary extension of
our formalism. On the other hand, new problems may arise once a group of
actors is involved. Avoiding the extensive social psychological literature on
group processes and group decision-making [Baron, 1988], we will closely
follow our conceptual model in section 6.2 and discuss the consequences of
this distributed environment for our notions of rationality and argument. Then,
in section 6.3 we will take the relation with decision theory into account and
discuss two subdisciplines in this field that appear to be relevant for reasoning
in a distributed environment: game theory and the theory of social chnice.
Next, section 6.4. introduces some terminology concerning groups of actors.
Furthermore, it is argued that the introduction of a distributed environment
gives rise to several new types of attack on arguments in addition to the undercutting and rebutting counterarguments. In section 6.5 we introduce so-called
aggregated theories. It is shown how a process of ABR can be modelled as an
incremental construction of such an aggregated theory. More precisely, aggregated theories are the result of the application of an aggregationprocedure on
individual theories. This procedure is represented by an operator 6. All kinds
of ABR-notions can be modelled by formal properties of this operator. Thus
one may give formal accounts of several ideas underlying the code of conduct
and higher order rules, including equality, burden of proof, dominance, autonomy and preservation. It is also shown how these aggregated theories give rise
to aggregated arguments. Section 6.6 presents an elementary declarative representation of a critical discussion, a so called dialectical structure. It comprises
five parameters which specify goal(s), actors, initial commitments of the actors, an aggregation-procedure and a set of inference-relations that operate on
the aggregated theory. Rather than specifying a full-fledged taxonomy of
debates, section 6.7 provides an impression of the expressiveness of this formalism. Section 6.8 shows how formal properties of 9 may govern a critical
discussion. Finally, Section 6.9 provides some concluding remarks about
resolving a conflict of opinions.
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6.2.

DISTRIBUTED ARGUMENT AND RATIONALITY

6.2.1. Rationality
For the sake of convenience let us first briefly restate the concept of rationality that, according to our conceptual model, underlies a monological deliberative environment. First, we require a critical rationalistic point of view, in the
sense that even one individual agent should systematically try to find counterevidence that can be derived from his available information state and test his
standpoint against it. Furthermore, there is a notion of instrumental rationality
as well. Without adhering to a rigid characterization of rationality as maximizing expected utility -as one can find it neo-classical economic theory- we
cannot refrain from the demand that the moves an actor makes are instrumental to a specific purpose or at least are in accordance with it. Both from a
decision-theoretical point of view and from the perspective of pragma-dialectics (as a goal-or~ented model of argument), this component of rationality
seems natural and indispensable. Thirdly, we saw that one can not do without
a certain idea of bounded rationality as well, and we argued that argumentation is particularly suitable to fulfill these requirements and overcome the
problems of reasoning under limited resources. In fact, the notion of problemsolving validity, that we adopted earlier, is closely related to the second and
third aspect of rationality.
But in a distributed environment and in particular in a critical discussion,
the concept of rationality is more complicated. As we stated already, real
debate demands mutual awareness and joint activiry as well, which drastically
extends the concept. First, actors should at least be aware of the presence of
the other with his own information-state and objective. Furthermore, they
should recognize and acknowledge that they can all affect or influence the
reasoning process and the outcome of it; by attacking arguments, by constructing counterarguments, or more generally, by making commitments with respect to certain goals. They also should acknowledge that they have special
obligations with respect to these other agents. Even more compelling is the
idea of joint activiry. Their recognition of all these aspects should lead to some
procedures or institutions that encourage the debate to proceed correctly.
There must be some consensus about some overall goal, that exceeds the in
itself quite legitimate individual aims and purposes. In pragma-dialectics both
the code of conduct and the higher order conditions are developed to meet
these requirements. The notíon of conventional or intersubjective validity is
one important aspect here that directly relates to this idea of joint activity. A
formal model must incorporate some of these ideas as well.

6.2.2. Argument

It goes without saying that the introduction of a distributed environment in our
framework is a necessary step, as we explicitly intend to adopt a notion of
argument as parametrized in pragma-dialectics, in our conceptual model.
These four parameters (externalizing, functionalizing, dialectifying, socializ-
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ing), all receive their full significance in such an environment. And in Chapter
5 we only made a first start in applying these insights in the formalism. Therefore, let us check what aspects have been neglected thus far and what adjustments can be made.
Externalizing:
We already argued that according to pragma-dialectics any effort to reduce
argumentation to a structure of attitudes and beliefs is doomed to fail. As
pointed out in [Van Eemeren, Grootendorst, 1993] in modelling argumentation
we should not concentrate on the "psychological dispositions of the people involved in an argumentation", but on their " externalized-or externalizablecommitments". We are interested in positions as expressed or rather projected
in discourse. Argumentation presupposes a"standpoint and at least the potential for opposition to that standpoint".
In a way some of these ideas have been captured already, but the introduction of several agents gives us the opportunity to take real advantage of this
aspect of externalizing. The main idea is that people put their standpoints to
public certification, confronting them with other standpoints and commitments,
based on possibly different sources. Within the perspective of performing
speech acts, the notions of acceptability and disagreement can be externalized
in terms of discursive activities. In our approach we will try to capture these
ideas by introducing different actors, associated with different information
states, that perform speech acts; actors that acknowledge both disagreement
and the need to solve it by applying rules to handle or manage their commitments.
FunctionaliZing:
We already stated that ABR cannot be described in purely structural terms,
since such terms tend to ignore the "functional rationale". Argumentation has
the general function of managing the resolution of disagreement, it is intrinsically goal oriented. It arises in response to, or anticipation of, differences of
opinion, and particular "lines of verbal justification" are contrived to resolve
the conflict. In Chapter 5 some initial steps to capture these ideas have been
taken. However real antagonism, real disagreement lacks. In a distributed
environment functionalizing gets increasingly complex; it refers to a goaloriented activity which demands the recognition that other actors may contribute to the solution of the conflict, as well as the acknowledgement that individual goals of the other actors may affect the debate. This entails the necessity to
make an agreement about the ultimate goal. The individual goals of the members should not dominate or threaten the overall goal. A formal system should
comprise rules that help to avoid such domination.
Dialectifying:
Thirdly, dialectification. An ABR-approach is appropriate for resolving a
difference of opinion only if it is capable of accommodating the relevant reac-
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tions of critical agents. A theory of argumentation, however, must be attentive
to a set of critical standards for a discussion aimed at resolving a difference of
opinion. This can be achieved by viewing argumentation as part of a critical
discussion governed by a valid dialectical procedure for resolving differences
of opinion. A dialectical procedure for critical discussion is valid depending on
how efficient and constructive it is in furthering the resolution of disagreement, excluding fallacious moves and being intersubjectively acceptable to the
parties. Clearly, these ideas have been formalized by defining inference-relations which are based purely on arguments.

In a distributed environment this entails that one should also take arguments and counterarguments of other actors into account and react on them.
Arguments, which may be derived from entirely different information states.
Furthermore, actors must be able to attack a standpoint, without making counterarguments. Finally, dialectifying demands the inferential apparatus of the
system to take these different information states into account.
Socializing:
Socialization is achieved by identifying roles of people "involved in argumentative discourse in the collaborative context of an interaction between two or
more discussants". The performance of a speech act "presupposes a set of
preconditions for the satisfaction of which the speaker can be held accountable". If the speech act perspective is extended to the interactional level of the
argumentative discourse, the speech acts that are performed will be seen to
display the ways in which positions are developed in a distributed and institutionalized setting. As we stated already, this aspect did not play a significant
role in a one agent environment, whereas here it is perhaps the most vital one.
Rules must be formulated that propagate cooperation, define the relations
between the actors, stimulate and maybe even can guarantee that the debate
will be successful, by reasonably making use of the different information
states of the actors.
Before we shall work out these problems, we will first briefly comment on
two specific problems, associated with this distributed environment. First, the
tension between individual preferences and goals on the one side and the
collective goal on the other side: the problem of conflict and cooperation.
Secondly, we take into account the problems concerning the aggregation of
knowledge and preferences in such a way that a reasonable solution can be
reached. Both problems will be approached from the perspective of decision
theory in the next section.

6.3.

DISTRIBUTED DELIBERATIVE INFERENCE AND DECISION THEORY

As argued before, our approach to resource-bounded inference ABR has a
natural decision theoretical component. But once a distributed environment is
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involved, two subfields of decision theory are relevant. The ideas of mutual
awareness and the problem of conflict and cooperation are studied in game
theory. The aggregation of individual preferences, choices and commitments
into a"group- commítment" has been studied in the field of Social Choice.
The applicability of both fields for ABR will be discussed briefly.

6.3.1. Game theory and argument
After WO II, game theory rapidly emerged as an important branch of mathematics, intending to deal with conflict in social science, predominantly in
economics. It supplies mathematical tools in describing behavior of interdependent actors; actors that do adapt their choices to the expected preferences and
choices of other actors. The outcome of the game depends on all actors. "The
Theory of Games and Economics Behavior" [Von Neumann, Morgenstern,
1953] usually is recognized as the seminal work in this field. Despite some
skeptics, game theory still is widely recognized as a major contribution to
social science, and its potential has been acknowledged by many scholars,
including social philosophers and political scientists. Like most disciplines
belonging to the decision-theoretical field, game theory requires several strong
assumptions. The key assumption is that players act rationally, in the sense
that they are utility maximizers. This rigid decision theoretical notion of rationality leaves no room for altruism or suboptimal choice. Furthermore, it assumes a finite set of alternative strategies and a utility tunction that determines
a certain outcome (payoff) once both actors have made their choice. Thirdly,
game theory is in essence a normative theory and it has been applied often as
a normative device in military problems [Zagare, 1985]. But, as has been
argued by others, it can be considered as a descriptive theory as well, suitable
for both explanation and prediction of choice behavior. Be that as it may, here
we adhere to the perhaps less controversial and less far-reaching standpoint,
that, if one is willing to make some assumptions, game theory gives a set of
precise notions, concepts that can describe many situations of conflict and
interdependent choice. The question is whether they are suitable for our purposes.
At a global level there are at least six similarities between the iields of game
theory and ABR. Both in game theory and in ABR the process of reasoning~deciding exceeds the individual level. There are at least two actors involved, affecting the outcome of the process. Secondly, both game theory and
ABR adhere to the ezplicit assumption that the actors exhibit rational behavior. Thirdly, both demand a notion of mutual awareness in the sense that
actors are supposed to be aware of the presence of the other, and are willing
to accept the fact that the other may affect the ultimate outcome. Or put differently, in both models actors are aware of the interdependence. Fourthly, both
game theory and ABR show a at least virtual notion of conflict (leaving aside
those rather trivial games, which are completely free from conflicting interests) Furthermore, both ABR and cooperative game theory demand a notion of
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cooperation to encourage the most profitable outcome, which despite perhaps
conflicting individual goals, still remains the most preferable. Finally, both
game theory and ABR (more particularly the underlying model of pragmadialectics) are models with normative and descriptive claims.
A closer inspection shows some dissimilarities as well. Firstly, game
theory usually assumes cardinal utilities, whereas ABR only uses ordinal
preferences; ABR never uses (subjective) probability distributions, to express
the degree of uncertainty. But, more importantly, the beforementioned similarities, can be questioned themselves. First, the concept of decision-theoretical
rationality underlying game theory is not suitable for ABR. Though pragmadialectics adopts instrumental rationality, this is not the rigid concept of maximizing the individual maximal utility. But more importantly, in the ideal
model of pragma-dialectics the critical rationalistic point of view is dominant,
which demands a systematic search for counterarguments and leaves no opportunity for strategic behavior or manipulation. Due to this concept of rationalíty
also with respect to mutual awareness, the analogy certainly is not entirely
self-evident. In game theory one anticipates on the move performed by the
other, in the sense that one tactically makes a choice A, assuming that the
other will take a strategy B, hoping that this will lead to a better pay-off. In
pragma-dialectics on the other hand, one reacts on a move of the other (in the
sense that a speech act that one is willing to put forward, should be related to
a previous one). But every actor will try to make his best argument. So, the
notion of interdependence is rather different. Also the concept of conflict is
not en[irely identical in both traditions. In ABR there can be disagreement
about some facts, but once a procedure has been established what premisses
are generally acceptable, this conflict is over. In game theory utility functions
do not alter.
Finally, also the concept of cooperation is different. In game theory cooperation refers to an agreement in advance not to cheat in order to obtain more
profitable outcomes. In pragma-dialectics the need for cooperation can be
derived from the concept of rationality that underlies the model. Both actors
accept the authority of the other to a certain extent and realize that a better
conclusion can be drawn once this knowledge is used as well.

Besides this, it is seems very difficult to model an open and dynamical process
like a debate as a matrixgame. It certainly is not a zero sum game, in fact one
could state that ABR is a kind of pure coordination game since the ultimate
interest is the same. Every actor will put forward his available knowledge, but
must accept other data which are more authoritive or which are more generally accepted by other members.
6.3.2. Social choice and argument
In providing concepts and insights that may be used to model ABR, the Theory of Social Choice seems a more relevant system. Relevant in the sense that
it can provide formal properties of social systems, that may help developing a
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model for ABR. Though as an autonomous discipline the Theory of Social
Choice is only a few decades old, its sources can be traced to two historical
sources [Sen, 1986]: one source is utilitarism and, more contemporarily, the
study of personal welfare, as explored nowadays in personal welfare economics. The other source is the formal, mathematical elaboration of committee
decisions and elections, which can be traced back to famous studies of Borda
and Condorcet. As a discipline of mathematical economy social choice theory
became mature in the early fifties, when Arrow presented his famous General
Possibility Theorem [Arrow, 1951] and Kenneth May developed his axiomatisation of simple majority voting. The main significance of social choice
theory deals with its formal elaboration of procedures that aggregate individual
preferences and choices into group decisions. Indeed, when many interests are
involved, all kinds of intuitions about reasonableness, fairness, democracy and
rationality may arise. With respect to this contention two remarks must be
made here. Firstly, it was Arrow who made clear that five required properties,
which seem in itself quite reasonable -at least according to himself- cannot be
fulfilled all at the same time. This inconsistency leads to his impossibility
results and invoked an extensive literature on related impossible combinations
of formal properties. The second remark deals with the institutionalized context in which social choice theory studies rules. All these contexts have a
democratic component. As we stated earlier, a model for ABR, based on the
considerations of rationality as they arise in pragma-dialectics cannot ignore
this "democratic dimension" of rationality. Having accepted this aspect, social
choice theory seems a rather natural background that provides useful tools in
modelling these aspects, especially those concerning the socializing parameter
of argumentation. In sections 6.6 and 6.7, where we introduce a so-called
dialectical structure, the usefulness of formal techniques, derived from social
choice theory, will become clear.

6.4.

ATTACKS ON ARGUMENTS

In this section a first step towards the extension of the model of Chapter 5 is
taken by introducing several agents, associated with different information
states. Furthermore it is argued that the appearance of more than one agent
also requires other types of attack than just rebutting and undercutting counterarguments. First we introduce the following terminology.

Definition:

(profile)

Let N- {a,,...,aR} be a non empty set, the elements of which are called actors, agents or interlocutors. N is called a group and each M ~ N is called a
subgroup of N. Next E; denotes the information-state associated with actora;
and Th(L) denotes the set of all information states. Then, a profile of N is a
mapping ~r: N~ Th(L) , which assigns to each member of N an information
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state. A profile ~r is a combination of individual information states and will
usually be denoted as a tuple ~r -(E~,...,E"). So for each profile ~r based on
N we have ~ E Th(L)", where Th(L)" denotes the set of all n-tuples of information states.
In a debate actors should have full possibility to attack or question both standpoints that have been put forward as well as the provided arguments which
support these standpoints. Consequently, a variety of speech acts should be
permissible, not just those in which one is willing to propose an argument.
Until now the possibilities to attack an argument are rather limited. We introduced only undercutting and rebutting counterarguments. In a monological
deliberative environment this suffices, but once more actors are involved, this
is too restrictive and other attacks should be possible; attacks that simply
question the applied facts and rules, without a demand for an opposite commitment of the antagonist. Otherwise, one would only receive the opportunity to
attack a standpoint (and the expressed conunitment the other is willing to
make) once he is able to construct a counterargument and thus willing to make
a commitment himself. This aim is not very realistic. Advancing a standpoint,
giving reasons and establishing relevance, would be the only allowed speech
acts in debate. Apart from "moves" like a demand for clarification, or simply
a question (which we do not take into account) an actor must get the opportunity to reject a fact or to reject a particular fact as a reason, because he does
not accept the applied rule that should make the fact relevant. In other words,
one should be able to attack a standpoint without constructing a counterargument and even without making a commitment! Here, we restrict ourselves to
two specific ways to cast doubt on an argument, non-commitments and opposite-comnartments.
A non-commitment is an attack where the opponent does not commit himself to
a standpoint, but attacks an argument by questioning or by not accepting one
or more of the applied facts or rules. Unlike an actor who raises a counterargument, he does not want to raise an argument, nor to commit himself to a
rule or fact.
For example, against an argument A~:- C{P(a)},{P(a)~Q(a)},Q(a) 1
one could bring forward that one does not recognize the fact P(a) . One could
also recognize the fact P(a) but do not accept it as a reason for the conclusion, because one does not accept a rule like P(x) ~ Q(x) that makes it relevant. In case of an opposite-commitment an actor makes a commitment without
raising an argument, by putting forward a rule with an opposite direction or
orientation. For example, against A1:- G{P(a)},{P(a)~Q(a)}, Q(a) )

one

could bring forward P(x) ~~ Q(x) . Note that a commitment to an opposite
fact can be modeled in our approach as a trivial argument. In section 6.7 we
will discuss some dialectical situations in which these "attacks which are not
arguments themselves" can be highly successful. Here, the following example
will show some of the dynamics.

138

Example:
Ei: - G {P(a), P(b), ~Q(b) },{P(x) ~ Q(x) },v ~
EZ:- G {P(b), ~Q(a)},{P(x)~Q(x)},a2 )
E3:- G {P(a)},{P(x)~ ~Q(x)},v3 1

E,:- G { ~p(a), yx[p(x)-~ ~Q(x)l },P1,fó 1
Clearly, these are four theories which give rise to all kinds of conflict and
therefore are suitable to show several possibilities of countermoves.
Suppose these agents try to solve rationally a contlict about whether Q(a)
is defensible on the base of their information states or not. Suppose 1 starts
the debate and utters the standpoint Q(a) . So, he shows he is willing to make
this commitment on the basis of P(a) which is in his opinion a fact that needs
no further support. He also makes the commitment that this fact is a reason
for the standpoint, because of the rule, or leading principle P(x) ~ Q(x) . He
also claims that this rule is applicable in this situation and therefore P(a) ~ Q(a)
is a proper instance of the rule, making the fact P(a) immediately relevant to
the conclusion Q(a). Abstracting from the actual proceeding of debate, and
representing it purely declaratively, actor 1 puts forward the following argument
A~~ ~~:- C {P(a)},{P(a)~Q(a)}, Q(a) )
where A~~ ~~ denotes the j-th argument of actor i. Now, given this speech act
several reactions are possible. Actors 2 and 3 may immediately attack the
conclusion, by making an opposite commitment to ~ Q(a) . Actor 2 by putting
forward the trivial rebutting counterargument:
Aa.~~:-C ~Q(a),g,~Q(a) )
Actor 3 by putting forward the non-trivial rebutting counterargument:
Acs.~~:- C {P(a)},{P(a)~ ~Q(a)}, ~Q(a) ~
Actor 4 will not directly attack the standpoint Q(a), but of course he can raise
a trivial undercutting counterargument:

A~4.~~:-C ~P(a),Q1,~P(a) ~
But other attacks are open for actors 2, 3 and 4. The latter has no further
counterarguments, but he can question the truth of the fact P(a) , which has
been put forward by actor 1 as a reason. Actor 3 on his turn might accept
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P(a) as a fact, but probably will question its relevance, because he does not
accept the rule that was used by actor 1. Even worse, he is even willing to
commit himself to a rule with an opposite orientation P(x) ~~Q(x) . But in
fact every agent that does not have a fact ~p or a rule r in his information
state, may question the status of these expressions. It goes without saying that
a debate requires procedures which meet these aims. Not only because weak
inconsistency in the set of facts is allowed, but mainly because in a distributed
environment arguments may be derived from different knowledge states and
the correctness, appropriateness or truth of facts must be known in order to
solve a conflict of opinions in a rational way.
Now, it is obvious that even in this very simple case, several moments
may arise where a decision has to be taken whether an expression is an accepted fact or rule. For example, once a fact has not been accepted, it may induce
a new debate, a kind of subdebate where one iries to find new arguments,
based on new facts and rules and so on. But often this is neither necessary nor
appropriate and there are procedures to determine the status of a fact that has
been put forward. This can be done by the interlocutors themselves or by an
external source, depending on the type of discussion and the extent to which
democratic principles are important.
In my opinion this is not a trivial item, but an essential property of commonsense reasoning and therefore unavoidable in an ABR-model. The question is
now how these attacks must be represented; until now only arguments have
been defined. Since we are primarily interested in a declarative characterization of a critical discussion, it is not our intention, as stated earlier before, to
model all speech acts that actors are allowed to make. Abstracting from this,
we represent these two new attacks indirectly. Participants that do not commit
themselves to a standpoint or fact or rule will try to prevent this information
from being used in the ultimate arguments that determine the outcome of a
debate! As we will show in the next section this idea can easily be modeled by
introducing aggregated theories. Not committing oneself to a fact or rule is
equivalent with trying to prevent these rules from being adopted in the aggregated theory. Similarly, committing oneself to a(certain instance of a) rule
will be interpreted as trying to get this rule adopted in the aggregated theory.

6.5.

AGGREGATED THEORIES AND ARGUMENTS

The main idea underlying this section is the following. As debate proceeds
actors may perform all kinds of speech acts. They advance standpoints, give
reasons and try to establish relevance, by constructing arguments. Others will
construct counterarguments, or make non-commitments or opposite commitments. Now initially each actor a; will make moves which can be motivated
by his own initial commitments, represented by E; . Some of the commitments
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they make will be shared or accepted by other actors, whereas other commitments are not. So in fact, as debate proceeds a kind of aggregated theory is
being built incrementally, that in some way is related to individual information
states. In fact, declaratively spoken, the procedure of a critical discussion can
be considered as the incremental construction of such a theory.
Arguments which have been based on a theory which is not a subtheory of
this aggregated theory are considered to be defeated. They will not influence
the outcome of the discussion. Such an aggregated theory comprises the "collective knowledge" of the actors from an epistemic point of view. From our
point of view it contains the information the group of actors is willing to
commit themselves to in trying to solve a conflict of opinions. Now the main
question is of course: how are these aggregated theories to be constructed?
What we need is an aggregationprocedure which maps the individual information states of the contributors into an aggregated theory. The ultimate outcome of a critical discussion must be derivable from this aggregated theory;
therefore the inferential apparatus must operate on it as well!
As we will show many procedures can be applied to construct such an
aggregated theory, according to many standards of reasonableness, justice or
usefulness. In a certain sense these theories are virtual; originally, the individual theories are opaque, the actors do not have knowledge of their mutual
information states. Of course, one could start a debate with some generally
acknowledged facts and rules, but these can easily be represented as subtheories of the individual theories. If one wants to give priority to these expressions above expressions which are not shared by all members, then, of course,
the aggregation procedure -that induces the construction of the aggregated
theory- must account for this. In section 6.6 it is shown how this can be arranged. A final introductory remark must be made here. Even when only a
subset of the actors makes contributions, debate must proceed. Therefore, the
aggregation procedure must deal with commitments of subgroups as well.
Now we will give these ideas a precise description.

Definition 6.2:

( aggregationfunction )

An aggregation function maps each profile of each subgroup of a group
N-{a~,...,a~} into a new information state. It is an operator 9 such that

6: U {Th(L)~ ; k ~ n} ~ Th(L)
Roughly spoken, it maps each combination of individual information states
into a collective information state. So, given a group N-{a,,...,a,~} and a
profile a-(E,,...,En) of N also 6(E~), 6(EZ) or, for example,6(E,,...,E~-~)
should be defined. The fact that 6 is also defined for subgroups of N, enables
us to model specific behavior of small groups of participants and some of the
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dynamics of a critical discussion. For example, in some "ideal" circumstances
division of tasks might even be possible by creating two critical discussions
performed by subgroups if the following equation holds:
8(.~i~,...,Fik,F.k.~ ,..., Fi~)

-

8(8(Fi~,...,Fik)e e(Fik~~ ,..., Fi~ ))

The following definition immediately connects to this notion of an aggregation
function.
Definition:
(aggregated Theories)
Let N- {a~,...,a~} be a group and ~r -(E~,...,E~) a profile of N and 6 an
aggregation procedure. Then P- 6(E~,...,E„) is called an aggregated theory
based on ~r .
In fact, these aggregated theories can give rise to new arguments that are put
forward, once agents do acknowledge new facts and rules and do combine
them with their own information-state.
As we have shown, much research in logic in AI deals with the behavior
of formal systems when new information is available. Therefore, logical systems must have an update function. In section 5 we showed how our concept
of a theory can be updated by elementary algebraic operations on the information states. However, in an ABR environment we are not primarily interested
in adding arbitrarily new expressions to an information state! The kind of
dynamics we are interested in deals with the distributed environment. Once the
aggregated theory is being constructed new information comes available for
some of the actors and might give rise to new moves. Moves that can contribute to a resolution of a conflict of opinions.
Definition:
(aggregated arguments)
An argument A is called an aggregated argument if it is based on an aggregated theory E. It ís called a proper aggregated argument if it is not based on
one of the individual information states. So, if the aggregated theory coincides
with one of the individual information states, then proper aggregated arguments are not possible.
Actors who really want to solve a conflict in a rational way and are aware of
the presence of the others and their power to contribute to a successful solution of the conflict, will be able to acknowledge or rather build such an aggregated theory and maybe even use it to develop new arguments. Of course this
requires a kind of accurate bookkeeping. In the next section we will try to
integrate these aggregation functions and aggregated theories into our formalism by introducing the concept of a dialectical structure.
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DIALECTICAL STRUCTURE

6.fi.

A dialectical structure intends to be a declarative, i.e. non-procedural representation of a critical discussion. It models how the ultimate outcome of a
reasoning process is determined by specific parameters. It is declarative in the
following sense;

-

it specifies certain goals and thus the type of conflict involved;
it specifies the number of actors and their information-states;

-

it specifies how aggregated theories are constructed, how they depend on
individual information states;

-

it specifies how conclusions are based on the aggregated theories.

Due to this structural character, the actual sequence of moves, or rather the
procedural rules that basically constitute the critical discussion, are not represented. A dialectical structure takes only arguments into account whereas in
real practice many other speech acts than arguments occur. We already introduced attacks which are not arguments themselves, and which are modelled
indirectly; if they are successful, they will be adopted in the aggregated theory
of the dialectical structure.
It is important to note that this adherence to such a declarative representation does not entail a rigid position with respect to the process-product distinction. We only maintain that a proper application of ideas from a conceptual
model in a formal system requires, before anything else a sound mathematical
characterization of these ideas. Ideas on rationality, equality, burden of proof,
code of conduct, etcetera. We cannot simply transform these ideas into formal
procedural rules. Having developed such a mathematical structure, it goes
without saying that a precise characterization of the actual procedure of a
critical discussion is important too. In fact, these rules must approximate the
ideal as represented at the declarative level. Usually, any proposal will yield a
set of rules that are incomplete with respect to the declarative structure, due to
beforementioned constraints like limited retrieval techniques, loss of coordination or bias. However, this is something for future research, it will not be
achieved here. So, from this point of view our approach is only a first step.
Definition: A Dialectical Structure is a quintuple

DS - c G,N, {E;};"', 6, {~~} m, ~
where:
-

G ~ y~(WFF) is a set of goals, denoting the type of conflict involved
N- {a~,aZ,...,a~} denotes a set of agents and ~N~ its cardinality

-

E; is a theory associated with agent a;

-

6: U {Th(L)k i k ~ n}~ Th(L) is an aggregation-function

-{~-~ }~", is a finite set of ABR-inference relations
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Goals
Again, we restrict ourselves to the well known types of mixed and non-mixed
and simple and compound debates.
Actors
In two ways we generalize the ways the roles of agents are presented in the
literature on dialectics and argumentation. First, we take more than two actors
into account. Secondly, we refrain from distinguishing fixed dialectical roles
as a proponent (with specific moves) and opponent (with specific moves).
Actors should not be prohibited in advance to fulfill specific dialectical roles
in the critical discussion. The assumptions of critical rationality, mutual
awareness and joint activity, which we made in our conceptual model must be
maintained of course. However, for our purposes, there is no reason why this
ideal behavior can best be guaranteed by assigning fixed dialectical roles to
actors.
Information-states or theories
In Chapter 5 we stated that for traditional reasoning tasks it sometimes seems
natural to demand a weak ordering on the rules, i.e. for each theory CF,R, v 1
we require v E W(R) , the set of all reflexive, transitive, and complete relations on R. However, here we only demand reflexivity and transitivity. The
idea is that each theory or information-state can contribute to the solution of
the conflict. A theory is associated with every actor. For each actor a~ , E;
denotes the "knowledge" he might be willing to commit himself to, by constructing arguments based on this theory or by making other moves.

Aggregation function
The basic ideas of aggregation functions have been described in section 6.5.
They map each tuple of theories of each subgroup into a new theory. In section 6.8 we will take some formal properties into account. All properties are
well-known in the literature on social choice. Of course, a"translation" into
our own nomenclature is necessary, due to the fact that our notion of information-state is more complicated than for example preference-orderings that arise
in the theory of social choice.

Inference relations
Clearly, several inference-relations must be applicable in one specific critical
discussion. In some situations it might be desirable to demand strong derivability for a formula ~p and solid derivability for a formula ~. However, in our
presentation we usually restrict ourselves to cases where only one inferencerelation determines the entire critical discussion. Furthermore, in this distributed environment the inference-relation operates on aggregated theories.
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6.7.

SOME EXAMPLES OF DIALECTICAL STRUCTURES

Before we describe some formal properties of this aggregation procedure, we
will give some examples that illuminate the role these five parameters can play
in characterizing different types of debate. More in particular, it is shown how
G, A and { ~}~ , interact.

Example 1:
DS - G G,N, {E~};N', 6, {~~} m, 1
where
-

G - {{~G}}

-

N-{a,,az}

- E, - ~ {~,},{~, ~ ~,~ }, Q ~
- Ez - G {~p~}, P1, fd ~
-

A: U {Th(L)~ ; k ~ n} ~Th(L) is an aggregation-function

-

{ ~}; , contains only weak derivability

This example is rather trivial, but it suits for illuminating the interaction between goal, aggregation-function and inference-relation. Now, suppose the
agents a~ and a~ agree that there is a(virtual) conflict, which has to be solved
in a rational way. Is there a collective commitment for tG or not. Furthermore,
assume E; - 6(E;) for each a~ E N and 6(E~,Ez) - E~ lJ Ez . According to the
union-operator ~J on theories we defined in Chapter 5, the latter demands that
the aggregated theory E~ lJ EZ contains the union of the facts, the union of
the rules and the reflexive and transitive closure of v~ U a2 . Note that 9(E~,Ez) E~ lJ E2 is a strong and hardly realistic assumption; among other things it
suggests fully introspective agents, no loss of coordínation and no external
influence. Also the property E; - 6(E~) for each a~ E N is questionable. Both
"aspects" of externaliZation will be discussed more thoroughly in example 6.
Now, the question is whether the group commits itself to tG or not. Clearly,
a2 has no opportunity to make a commitment, once starting the discussion.
But a~ does. Formally, he has the opportunity to raise the argument
Aci.n - G {rp~},{~pi ~ -, ~, }, ~1L 1

However, this move would not be in accordance with rationality. It violates
the ideal of problem-solving validity, as it cannot resolve a conflict of opinions
or even contribute to it. Due to the character of weak derivability, we should
only try to find positive information for ,~ . Any argument for ~~ is useless.
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If {~}~ , would comprise only strong derivability and for example
G-{{,y} ,{~,~} }, then ~,~ would be the outcome of the discussion.
Example 2:
DS - G G,N, {E;},N', 6, { ~-;};", ~
where
G - {{~tG}}
N-{a,, aZ, a3 }

E~ - ~{~,},{~,~,~},Q~
Ez - G {50,}, ~J, f7J ~
E3 - cPJ, {~p~~G}, ~ó ~
6: U {Th(L)k i k ~ n}-~ Th(L) is an aggregation-function
{ ~}~ , contains only strong derivability

Although this DS also typifies a non-mixed conflict, here the situation is entirely different. Again a2 has no opportunity to make a commitment with
respect to the goal, neither has a3 once starting the discussion. Again a, has
the opportunity to raise the argument
A~~.n - C {~p~},{~o~ ~ tG }, ~ )
Here, this move certairily is in accordance with rationality, it can make a
substantial contribution to the resolution of a conflict of opinions. What's
more, if a~ succeeds in introducing the applied rules and facts of A~, ,~ into
the aggregated theory 6( E~ , EZ , E3 )(which depends on 6 of course), this
entails that A~ 1~ ~ is undefeated and this means that the discussion is closed
immediately. For, obviously due to the demand of strong derivability the
group does not commit itself to ~,~. Now, suppose 6 is a very trivial aggregation-function which states that

C ~F, ~J ~F. ~J ~F~, ~R, ~J ~R, ~J ~R,, a ~ ~ 9(~~ , ~2 , ~3 ) . This entails that
A~,,,i - C{~p~},{~o~ ~,~ },~ ) remains undefeated.

collective commitment with respect to -,~,.
Example 3:
DS - c G,N, {E;} "', 6, { ~;};m, )
where
-

G - {{~} , {~~G}}

-

N-{a~,az,a3}
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As a result there is no

E~ - ~{~,},{~,~,~},Q~

- EZ - ~ {~,}, Q1, ró ~
- E3- ~{~~,},{~,~,~},~~
-

6: U {Th(L)k i k ~ n} ~Th(L) is an aggregation-function

-

{ ~-}~ , contains only solid derivability

Now, suppose the agents a,, aZ and a3 agree that there is a conflict which has
to be solved in a rational way. There is a mixed conflict in the sense that the
group should decide whether the group commits itself to ~G or to ~~. Both
aZ and a3 are not prepared to make a commitment with respect to both aims.
However, a, does.
e4c~.t~ - G{So~},{~p~ ~ t~i }, tfi J

Furthermore, a~ has no rebutting or undercutting counterarguments, so as far
as he is concerned, ~G can be derived solidly. However, since he participates
in a critical discussion, a~ acknowledges the presence of the others and is
willing to test his standpoint and other commitments against critical remarks of
the others, according to a generally adopted 6.
Now aZ cannot make a counterargument, but he might question the applicability of rule ~pl ~~G since he does not want to commit himself to it. Now
suppose 6 is a very elementary procedure, which states that all facts and rules
which are shared by a majority of the members, will be added to the aggregated theory, analogously to simple majority voting. In that case actor a3 is ~onsulted and since he agrees on the applicability of the rule, this rule is adopted
into the aggregated theory. Since also the fact ~p~ is adopted, one could state
that the argument is not defeated. However, actor a3 may attack A~, ,~ as well.
Of course, he might question the use of fact, but both others agree on it.
Actor a3 even goes further and commits himself to the negation of the fact by
making a trivial undercutting counterargument.

A~3.~~ - G{~~p~}, ~7, ~~o~ )
This attack is more important, since if a~ succeeds in integrating this fact into
the aggregated theory he has an undercutting counterargument, that is not
defeated. And since all actors agreed on the aim of solid derivability, that
would entail that the conclusion ~p~ is no longer supported. Unfortunatelya3
does not succeed in trying to adopt the fact
because there is no majority for it.
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~~p~ in the aggregated theory,

This example appears rather trivial as well, but it suffices to illustrate how
slight modifications in G, 6 and ~-~ might change the outcome. In the next
example we will show how aggregated arguments come into play.
Example 4:
DS - c G,N, {E~},'"', A, { ~.};", )
where:

- G - { {~G} , { ~ ~} } is a mixed conflict
- N-{a~,a2,a3}
-

E1-G{~p~},{~pl~t~},QI~

-

~2 - G {cPZ},{SOZ ~ l~i }, QZ i

- F.3 - G Q1, l~P~ n~z ~~,~}, ~3 i
-

A: U {Th(L)k i k ~ n}~ Th(L) is an aggregation-function

-

{ ~-~}~, contains strong derivability

In this example a3 cannot raise an argument purely based on his own information state. However, a, and a2 have the opportunity to commit themselves to
~ by making the arguments

A~,,,~ - G {~p,},{~p~ ~ ~G }, tL )
A~2.,~ -

G{c~2},{t~z ~ l~i }, l~i 1

Now suppose e has specific properties, among which
A(~l'~2 ) - ~~ ~ ~Z C A(~1 , ~2 , ~g )

As we stated already, this means that the aggregated theory E~ lJ EZ contains
the union of the facts, the union of the rules and the reflexive and transitive
closure of a~ U vz . This entails that ~p~ and ~o~ are adopted into the aggregated
theory. Then a3 may raise an argument as well, since he accepts the legitimacy of the procedure 6 and therefore adopts ~p~ and ~pz .
A ~3.n

- ~ {~,,~Z},{~, n ~2 ~ ~,~ }, ~,~ ~

If, moreover, 6 states that a3 is dominant in the sense that each subtheory of
his theory has to be adopted into the aggregated theory, this entails that
A~3,,~ - G {~p~,~pz},{~p~ n~pz ~-~~ }, -~~ ~ remains undefeated and is an appropriate rebutting counterargument. Since also A~, ~~ and A~Z ~~ remain undefeated, neither ~ nor ~~ appears to be strongly derivable.
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The next example intends to be a little more sophisticated. It shows how aggregated knowledge determines the ultimate outcome of discussion, without the
appearance of aggregated arguments.

Example 5:
DS - G G,N, {E,.};;', 6, {~.} m, ~
where:
-

G - { { tG} , { ~ ~} } is a mixed conflict

-

N-{a~,aZ,a3}

-

E i - G {~P~, ~P~},{rPi ~ X ,X ~ ~~G }, vi 1

-

E~ - G {tpZ},{cpz ~ ~X }, Uz ~

-

E3 - G ~, {rPi ~ X, SoZ ~ ~X},~5o~ ~ X~ C [~PZ ~ ~X] )

-

6: U {Th(L)k ~ k ~ n} ~Th(L) is an aggregation-function

-{~~}~ , contains only type 2- solid derivability
As we pointed out in Chapter 5, type 2-derivability takes into account only
those arguments which are not defeated by arguments with more preferred
rules. Now suppose again that the agents a~, a2 and a3 agree that there is a
conflict which has to be solved in a rational way. There is a mixed conflict in
the sense that the group should find out whether the group commits itself to ~
or to ~ tG . Both

az and a3 are not prepared to make a commitment with re-

spect to both aims. However, al does.
A~t.~) - C {So~},{~P~ ~ X , X ~ ~~ }, ~t~i i

Furthermore, a, has no rebutting or undercutting counterarguments, so as far
as he is concerned, ~ can be derived solidly. However, since he participates
in a debate a, acknowledges the presence of the others and is willing to test
his standpoint and other commitments against critical remarks of the others,
according to a generally adopted 6. Now a2 cannot make a rebutting counterargument, but an undercutting counterargument is possible.
Arz,i~:-G{~pz},{rpZ~ ~X},~X1

Now suppose A is a very elementary procedure, which states that
-

e(Fi~,.
F~
i2)-~.~.F.UF.F,P~,~~Ce(~~~~Zr~;)

-

Fi~ ~ e( ~i~, ~i2, ~i3 )R

- if there is an actor a; E N such that (r~ , rZ ) E Eo and there is no actor
jEN such that (rZ,r~)EEo then (r,,r2) E9(E~,...,En)Q
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Or, more informally, the facts of a, and a2 are adopted into the aggregated
theory, the rules of a3 as well and furthermore: if there is one actor who
prefers rule r, to rZ and there is no actor who prefers r2to r,, then also the
aggregated theory should prefer r, to r2. Due to the fact that we require type
2-solid derivability, undercutting counterarguments will be taken into account.
A,,.,~ - C {~p,},{~pt ~ X , x ~ ~~G }, ~,~ ) has a subargument
B- C{~p,},{~p, ~ X}, X~ that is based on less preferred information than
A~2 ,~: - G {~p~}, {~p2 ~ ~X}, ~X ~ , which makes ~~ not solidly derivable. Of
course, A~,,,, - C{~p,},{~o, ~ X , X~~~y }, ~,~ ~ is sufficient to derive ~,~ if
we only demand strong derivability.
Finally, we deal with the problem that a DS allows for a certain fact or rule
to be adopted in 6(EI,...,E~), but actual debate obstructs this.
A phenomenon familiar with the classical notion of incompleteness: a
formula is true in a specific class of models, but it cannot be proven, i.e. it
cannot be derived from the axioms given a certain inference rule.
For example, in the following DS a specific conclusion is inaccessible,
due to the applied procedure in which there must be at least one argument for
or against the final conclusion that is based purely on one individual theory.

Example 6:
DS - G G,N, {E;},'"', 6, {~;} m, ~
where
G - {{~i}}
N-{a,, a2 }
E, - G {~p,},Ql, ~ 1

Ez - G Q1, {So, ~ ~(i},Q ~
6: U {Th(L)k i k 5 n}~ Th(L) is an aggregation-function
{ ~-~}~ , contains weak derivability
Since the ABR-approach we advocated thus far demands commitments of one
or more actors with respect to a certain goal, here the DS will not allow the
raising of certain arguments. So, a discussion that tries to investigate all available data, demands a form of hypothetical (or rather abductive) reasoning
where az explicitly takes the initiative, states that he is willing to commit
himself to ~p, ~~i and asks the others whether the required fact ~o, is available. This is not a theoretical drawback of ABR but a logical consequence of
the model of argumentation we adopted thus far, that requires commitments to
propositions as expressed in goals, rather than intentional constructions like
explicit or implicit belief states. Furthermore, additional speech acts are possible, but they will not be taken into account here.
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Consequently, a conclusion may not be derived, though according to
certain aggregation procedures, the actors do have enough knowledge to solve
the conflict. Given the fact that the main aim of this thesis is to model resource-bounded inference, it is important to avoid strong assumptions in the
DS that cannot be realized in the actual discussion! Two more examples,
already mentioned in Example 1 will be discussed now.
First the relation between E; and 8(E;) which basically represents monological deliberative inference. Consider the following relations:
E; n e(E;) -~. Clearly this is unrealistic as it models an agent that
neglects its own initial commitments entirely, perhaps because he totally
acknowledges or rather obeys an external authority. Or, because he lacks
the ability to retrieve information. We will not take this into account.
E; C 6(E;) has two implications. First, actor a; has advanced retrieval
techniques, as he manages to adopt his full E; into 6(E;). Second, there is
some external influence as well.
E; - 6(E;) implies that actor a; manages to adopt his full E; into9(E;)

-

without any external intluence.
E; ~ 6(E;) is more realistic; for example it might refer to an adopted,
fully consistent subset of facts of a weakly inconsistent subset. Or, it
leaves open the possibility of insufficient retrieval techniques. So it is not
`always desirable or reasonable to demand E; - 6(E;). But in a distributed
environment the situation is even more complicated. Take for example the
following straightforward aggregation-procedures that in a way are ABRcounterparts of notions of credulous and skeptical (cautious) inference in
default logic.
e(.~i,,..., Lin)

-

~il i~ ...

U L.n

e(E,,..., En) - E, n... n En
Given our considerations on the relation between E; and 6(E;), we should
prefer:
e(F.,,..., F.n)

-

e(F.,) U... :..:

e(~p )

6(F.,,..., E„) - e(E,) n... n e(~~)
However, also the latter properties are not very realistic, as they assume no
loss of coordination. All actors a; have full opportunity to combine their
6(E; ) .

6.8.

SOME PROPERTIES OF DISTRIBUTED INFERENCE

The previous sections made clear that in a DS the operator A turns out to be
an important theoretical device. Together with the goal and the inference
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relation it determines a specific critical discussion. Until now we only presented dialectical structures informally, without relating formal features it should
display to the five conjectures of our conceptual model. To achieve this, the
introduction of some terminology taken from the theory of social choice might
be helpful. As a first step we distinguish three types of principles that can be
expressed in the aggregation procedure: principles of preservation, principles
of autonomy, and finally principles of equality and dominance. As we will see,
they are not mutually independent. However, they all represent different features of a critical discussion.
6.8.1. Principles of preservation
In a certain sense a DS can be characterized according to the degree in which
characteristics of the individual information-states are preserved in the ultimate
aggregated theory. Sometimes this can be highly desirable, sometimes it is
virtually impossible. In all examples we assume a group N-{a,,...,a"} . A
natural, but at the same time trivial situation where preservation seems reasonable, arises if a profile (Et,...,E") E Th(L)" shows full unanimity, i.e.

E, - EZ -... - E" - P. Although this will occur infrequently, it goes wíthout
saying that any notion of intersubjective validity will demand that the aggregated theory at least comprises I' .
Preservation of Unanimiry (for groups): an aggregation procedure 6 represents preservation of unanimity if for each tuple (E,,...,E") E Th(L)" we have:

if E, - Ez- ... - E" - I' then I' ~ 6(E,,...,E")
Preservation of unanimity in this form requires a full consensus in the entire
group. Since 6 should also be defined over subgroups of N, unanimity
among members of a subgroup of N should also be "rewarded", by generalizing the above definition.
Preservation of Unanimiry (for subgroups): an aggregation procedure 6 represents preservation of unanimity if for each profile (E1,...,Em) E 772(L)m with
1 S m ~ n based on any subgroup M of N we have:

if E, - Ez- ... -~,,, - P then I' ~ A(E,,...,Em)
Of course, this does not entail

I' ~ A(EI,...,E"). It does not say anything

about the relation between 6(E,,...,E,,,) and 6(E~,...,E"). Although it will be
more common that unanimity appears in a subgroup M, than that it appears in
the entire N, neither property is very realistic, nor would these properties
from our theoretical point of view be desirable. For an ABR-approach is
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particularly valuable in cases where there is real antagonism. In the case of
full unanimiry we only take advantage of the demonstrative use of dialogue.
A more important property deals with unanimity for subtheories and thís
will be called the Paretoprinciple, which resembles the well known Paretoprinciple in the theory of social choice. Again intersubjective validity will
require it.
Paretoprinciple: an aggregation procedure 9 satisfies the Pareto-principle if
for each profile (E~,...,E") E Th(L)" we have

I' ~ E~ and ... and I' ~ E„ then P~ A(E~,...,E")
This principle states that information once accepted by the entire group cannot
be ignored in the aggregated theory. The principle can be generalized as well
by taking profiles (E~,...,Em) E Th(L)m with 1 ~ m G n into account. But of
course other types of preservation can play a role as well. 9 may preserve
"lack of information" or ignorance as well.
Preservation of Ignorance: an aggregation procedure 6 satisfies preservation
of ignorance under unanimity if for each profile (E~,...,E„) E Th(L)" we have:

if 0~ E, and...and 0~ E„, then 0~ 6(E~,...,E„)
The principle can be generalized as well by taking profiles(E,,...,Em) E Th(L)m
with 1 ~ m G n into account. Obviously the combination of preservation of
unanimity and preservation of ignorance does result in a full determination of
the aggregated theory by the individual information-states. There is no influence of external sources at all, if all actors agree about the available information. So:

if E, - EZ- ... - E" - I', then P- 6(E~,...,E„)
In some cases this seems a most rational and -from a democratic point of viewdesirable property. On the other hand many situations simply forbid this
principle. A well governed and decent society simply requires external standards or laws that have to be obeyed by all members, whether or not these
standards and laws are part of their individual information-states or not.
Now, given an aggregated theory P, the situation seems clear with respect
to PF and I'R . But, the preference relation on the rules is important as well.
Given an ordering a on R, let 1 denote the symmetrical part (expressing

indifference) and let P denote the asymmetrical part (expressing strict preference). For the sake of convenience, let I; denote the symmetrical part ofv;
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and let 6(E,,...,E„), denote the symmetrical part of the aggregated theory.
Then intersubjective validity will demand that if all actors are indifferent or
prefer rule r, to r~ , then this must be represented in the aggregated theory.
Preservation of indifference: an aggregation procedure 6 preserves indifference with respect to two rules r, and rz iff:
if (r,, r2) E I for each iEN, then (r,, rz) E 6(E,,...,En),
Preservation of strict preference: an aggregation procedure 6 preserves strict
preference with respect to two rules r, and r2 iff:
if (r,, rz) E P; for each iEN then (r,, r2) E 9(E,,...,E~)P

6.8.2. Autonomy
Principles of autonomy deal with the relation between groups and external
norms and sources of information. To what extent is the ultimate outcome
determined by the members of the group only? And how are the initial commitments constrained by external norms? Obviously, these principles are related to the previous ones. Autonomy demands certain principles of preservation,
though we usually will not demand the strong unanimity preservation (whether
for groups or for subgroups) we gave in all previous examples of preservation.
The degree to which a group is able to preserve information in the aggregated
theory is an indication of the influence of the members themselves. Full autonomy is stronger as it demands exterior information to be fully irrelevant, also
when there is no unanimity in the group! Again from a theoretical point of
view this is more realistic and desirable.
An extreme and total absence of autonomy can be found in the following
situation. In all examples we assume a group N-{a,,...,a~} .
A traditional group: an aggregation procedure 6

represents a traditional

group if there is a fixed theory P such that for each profile(E,,...,E,n) E Th(L)'"
with 1 ~ m ~ n we have:
e(~i,,...,Lim) - 1

Clearly, this leaves no room for real debate, the individual knowledge and
preferences of the members are completely neglected; it violates the code of
conduct we try to follow entirely. The outcome of the reasoning process is
determined by some external source. The requirement to prevent this traditional society to arise is usually called the property of non-imposition. A more
important aspect of autonomy is the following well-known principle.
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Principle of Universal Domain: an aggregation procedure is said to satisfy the
principle of universal domain if:
9: U {Th(L)A i k 5 n} ~ Th(L ) is a total function
Every theory based on L is allowed and each n-fold proiile of these theories as
well. There are no external standards or constraints, limiting the commitments
of the individual members. As we stated already in Chapter 5, sometimes
there are good reasons to restrict this principle of universal domain. It sometimes is reasonable not to demand completely ordered theories, with a reflexive, transitive and complete ordering on the rules, because otherwise efficient
decision-making based on the constructed arguments, can be blocked. Furthermore, one could also "violate" this principle by demanding EF to be fully
consistent. ( for example, because one only wants to use stable arguments). In
accordance with this feature of Universal Domain, there is a related principle.
Principle of Universal Scope: an aggregation procedure 6 satisiies the principle of universal scope if: for each theory I' there is a profile~r -(E~ ,...,E")
such that
8(~~,...,l.n) - T .

Or, put differently, for each theory P(whether ordered or not ordered, whether comprising a weakly inconsistent or consistent set of facts) there is an input (E ~,..., E")
such that I' is the aggregated theory. With respect to the aggregated theory, it
usually is not profitable to require theories that are weakly ordered, as we
stated again in Chapter 5. Since, generally spoken, it is far from trivial to
derive a collective ordering of rules, based on the individual orderings.
Having developed these traditional principles of aggregation, let us now take a
more essential type of autonomy into account.
Strong autonomy: an aggregation procedure is said to satisfy strong autonomy
if for each profile ( E,,...,Em) E Th(L)'" with 1 ~ m ~ n and with
M - {a~,...,a,"} , we have

e(E~,...,Em) ~ U{~~ i J E M}
So there are no facts or rules in the aggregated theory which are not believed
by at least a subgroup.

6.8.3. Dominance and equality

Even more important from a dialectical point of view are the relations between
the members of a group; their individual influence, their roles in coalitions.
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To what extent can individuals influence the aggregated theory. Some preliminary definitions are required first. In the following examples we presume a
fixed subgroup M S N with i M~ - m and m 5 n. For the sake of convenience, we assume that M-{a,,...,am} but every arbitrary subgroup suits.

Decisive Group: a subgroup M S N with
decisive if

and m ~ n is called

e(L.~,...,~n) -e(Lr~,...,Lm).

The aggregated theory is completely determined by a subgroup of N. In fact
the members of N`M appear to function as "dummies" . If M C N this means
that at least one agent has no influence at all. If i M i- 1, a kind of dictatorship arises, a property that will be discussed in this section as well.
Semi-Decisive Group: a subgroup M S N with i M i- m and m 5 n is called
semi-decisive if
8(~.1,...,Ír~n) C 8(~i~,...,.~i~)

Here the dominance of the subgroup is less, since it does not determine the
aggregated theory completely.
Minimal Decisive Group: a decisive group M is called minimal decisive, if
each subgroup H C M is not decisive.
It goes without saying that a critical discussion does not permit very small
decisive groups. Nevertheless, it would be too easy to stipulate that the modelling reguires the entire N to be the minimal decisive group. It can be quite
reasonable that a specific source does not influence the outcome.
Another principle that is vital in a DS deals with the ability of subgroups to
prevent information from being adopted into the aggregated theory.
Veto power: a subgroup M S N with
power iff:

; M;- m and m ~ n possesses veto-

if P~ 6(E,,...,E,n) then I' ~ 6(E~,...,E~)
Here the dominance concerns the absence, rather than the presence of information. Now, clearly aggregation procedures can be characterized according
to the way they allow specific subgroups (decisive or with vetopower) to
dominate the other members of the group. Related notions are based on them.
156

Strong Dictatorship: an aggregation procedure allows for strong dictatorship if
there is a minimal decisive group of only one individual, i.e.,
if 6(E~,...,E~) ~ E;
Weaker versions of dictatorship correspond with the notions of semi-decisive
group and veto-power.
Weak Dictatorship: an aggregation procedure allows for weak dictatorship if:
if I' c E; then I' c 6(E,,...,E„)
One-person veto power: an aggregation procedure allows for one person veto
power iff:
if I' ~ E; then I' ~ 6(E~,...,E~)
In fact, strong dictatorship is the most extreme type of dominance in debate. If
a; wants all his initial commitments to be adopted, i.e. E; - A(E); than the
operator 9 is just a projection-function: the aggregated theory coincides with
a(sub)theory of one particular actor. The others are basically dummy's and do
not contribute to the solution of a conflict. In a way it satisfies a(rigid) interpretation of problem-solving validity, but it neglects intersubjective validity. A
usually undesirable, but rather opposite property deals with suppression.

Suppression: an aggregation procedure 9 allows for suppression if there is a
a; E N-{a~,...,a~} such that for each profile (E,,...,E,,,) E Th(L)m with
1 ~ m G n in which a; participates and for each theory 0 we have:

if A~ E;, then 0 s~ 6(E,,...,Em)
Accordingly, non-suppression demands that there is no individual whose
knowledge will be systematically neglected. One person veto power is a strong
type of dominance as well, since one individual may obstruct information from
being adopted in the aggregated theory. However, unlike a dictator this actor
is not able to determine the aggregated theory.

Until now, we only discussed extreme types of dominance. The opposite
situation is where only the whole group is decisive. i.e., there is no real subgroup M CN with M-{1,...m} such that 6(E~,...,Em) S 6(E~,...,ER).
An attempt to fully prohibit dominance of one specific subgroup needs the
following property of anonymity.
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Anonymity: an aggregation procedure fulfills the requirement of anonymity if
all members have equal power. Let N-{a~,...,a„} be a group and ~r be a
permutation on the index-set of N. Then 9 has the property of anonymity iff
e(~~,...,.
l.~)

-e(L.x~l~,...,~,~cn))

All contributors are of equal importance. It does not matter which agent makes
the commitment. For notational convenience, we restricted ourselves to the
entire N but obviously it can be extended to each profile(E~,...,Em) E Th(L)m
with 1 5 m C n.
Another aspect of equality or rather symmetry concerns the goals of a debate.
Is it reasonable that any formula ~p deserves the same degree of support, the
same standards of proof as its negation ~~p? If one wants this principle of
symmetry to be represented in an ABR-formalism, one needs a feature that is
similar to the notion of neutrality in the theory of social choice. As we pointed
out already, this can be modelled by allowing two or more inference-relations
in { ~~}~ , .
Roughly spoken a dialectical structure which represents the ideal pragmadialectical model requires at least some preservation principles and some
notion of autonomy and equality. Anyone concerned with intersubjective
equality should at least preserve unanimity and follow the Pareto-principle.
Furthermore -taking autonomy into account- he will reject traditional groups
and adhere to at least universal domain and universal scope. With respect to
the ideas of dominance and equality, the ideal model is not deterministic, but
it does not allow for dictatorship and very small decisive groups. However,
full equality (anonymity and neutrality) are not always desirable in a debate.
The ideal model of a critical discussion will usually avoid specific properties whereas others seem desirable. However, what properties exactly should
be requested depends on the specific debate one wants to model. There is no
such thing as "the axiomatisation" of a critical discussion as an ideal "general
purpose" model, by a set of properties. Nevertheless, we made it clear that the
construction of a dialectical model is suffiently expressive to deal with the five
conjectures we gave in our conceptual model.

6.9.

THE RESOLUTION OF THE CONFLICT

In the previous sections we saw that some important institutions we want to
model can be expressed declaratively by a dialectical structure. It formalizes
some thoughts underlying a critical discussion. Ideas on externalization, functionalization, dialectification and socialization, mutual awareness, joint activity
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or intersubjective validity can be modelled by (the interaction ofj G, A and
{~~ }; ,. Especially the operator 6 can represent specific roles of the actors,
the relations between the actors, the relation with the environment and so on.
The result is an aggregated theory that is built incrementally and comprises
undefeated evidence. But this construction of an aggregated theory is not our
final aim. We have to solve a conflict of opinions in a rational way. So, at
least, we must represent how the ultimate conclusion can be derived from this
aggregated theory. In a distributed environment this means that we must find a
compromise between three requirements that are all vital in our conceptual
model. They are compatible, but an unrestrained dedication to one of them
may damage the others.
First, we demand a notion of collective rationaliry. We should take full
advantage of the available and accessible knowledge taken from several sources, associated with different actors. Or, to put it differently, we must show
how the ultimate conclusion meets the requirements of mutual awareness and
joint activity and more generally, the critical rationalistic ideal. Many designdecisions in the formalism thus far have been inspired by these requirements.
The second requirement is closely related to the first. Although the notion
of intersubjective validity can be formalized in many different ways (suitable
for many different reasoning tasks) it goes without saying that some ideas on
autonomy, equality, democracy, avoidance of dictatorship, power, division of
tasks usually will in some way play a role in it. We showed how several of
these notions can be captured by the aggregation-function.
Thirdly, ABR is not a mere generation of arguments. It is intrinsically
goal-oriented. The idea of problem-solving validity explicitly requires that in a
critical discussion the evidence is analyzed or combined effectively, preferably
resulting in a solution of the conflict. Partly, this idea can be captured already
by the aggregation-procedure; rigid procedures which allow for very small
decisive groups definitely are a first step towards a proper termination of a
reasoning process, as they "eliminate" many arguments. However, such a
"solution" would imply settling the conílict rather than resolving it. Similarly,
we need an inference relation that does justice to this requirement without
violating the other two. The fact that we demand a certain balance between the
beforementioned requirements is a direct consequence of the fact that quality
or rather validity of argumentation is a multidimensional concept. An idea
that, as we saw already in Chapter 2, is more customary in decision-theory
[Timmermans, 1989] than in logic. Part of the problem has been discussed
already in section 5.11. Summarizing this section, two remarks can be made.
Remark 1.
First, we noticed in Chapter 5 that type-1 derivability (weak, strong and solid
derivability, but also inference-relations based on cardinality) as we introduced
it in a monological deliberative environment, is efficient but not appropriate to
model ABR. They do not take the structure of arguments into account, there is
no notion of defeat.
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Remark 2.
Secondly, there appeared to be straightforward notions of defeat (type 2 derivability) among simple arguments, all based on pairwise comparison of arguments; notions like specificity, the use of stable arguments and the use of
maximally strong arguments. However, pairwise comparison is not the solution for several reasons. The applicability is restricted to very simple arguments. Furthermore, it would require quite a lot of pairwise comparisons,
which in no way resembles a natural process or argumentation. What's more,
it does not automatically provide us with a notion of defeat. Take the following examples.
Example:
Let E be a theory such that {r,, rZ, r3, r4} ~ ER with the following ordering:
[r,]~[rz]~ [r3] ~[r,] giving rise to the following arguments.
A1:- G{An(r~)},{r~},Q )
A2:- G{An(rZ)},{r2},~31
A3:- G{An(r3)},{r3},Q 1
A4:- G{An(r4)},{r4},~a ~

According to the notion of type 2- derivability based on maximally strong
arguments, which we introduced in Chapter 5, argument Aa beats all the other
arguments by pairwise comparison. However, it is questionable if we would
always accept ~(3 as the solution of the conflict, since there are three legitimate arguments that support (3. Sometimes we want a concept of defeat that
deals with groups of arguments that defeat other groups of arguments, rather
than focussing on the collision between two isolated arguments. However,
another time we might be interested in one superior argument that defeats all
counterarguments. Another example deals with multiple argumentation and
coordinate compound argumentation.
Example:
Let E be a theory, which gives rise to the following arguments
A:- G{cx~},{a~~~3},~i ~
B:- G{cxz},{az~~i},(3 ~
C:- G{ai n az}, {a, n cx~~ ~~3}, ~~i ~
D:- G{a3,a,},{a3, n cx,~(3}„6 )

where {a,, az, a} denotes a set of literals.
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First, suppose A, B and C are available. On the one hand C seems more
specific. On the other hand, A and B are an example of multiple argumentation (assuming that they are based on the same theory). But, it probably is
easier to get the evidence of A and B adopted into an aggregated theory. If
one of the facts is not accepted, the other still might have a chance, whereas C
is defeated immediately. Now, take C and D. Although both are coordinate
compound arguments, one can imagine situations where C is preferred, because it actually uses the simultaneous occurrence of two facts.

All kinds of subtleties may be expressed, but ABR as a non-numerical
system does not provide us with a straightforward or natural notion of defeat.
So there seems to be a fundamental dilemma. On the one hand the number of
arguments grows in a distributed environment as well as the possibility to
attack and invalidate arguments. On the other hand we need an effective procedure for resolving the conflict, taken into account limited resources. Now,
in decision-theory it is well-known that people develop heuristics once a proper combination rule is not available, if only to avoid further cognitive stress.
For example, take the beforementioned decision-rules like mini-max, minimax regret or elimination by aspect or more importantly, the theory of [Montgomery, 1989] who claims that decision-makers manipulate or rearrange a
decision-problem, until they reach a dominant strategy, which immediately
gives a preferred conclusion.
Our "solution" is rather straightforward. Application of a rigid type 1 procedure like solid derivability or counting arguments might be very reasonable, as
long as it operates on an aggregated theory that meets high standards with
respect to the first two requirements. Put differently, ideas on rationality must
be developed "earlier" in the formalism: by imposing conditions on the aggregation procedure or perhaps even on the individual information states.
This allows us to take the structure of arguments into account and to
develop a notion of defeat without pairwise comparisons of arguments.
Now, since this idea of a critical discussion is a general and ideal model,
our ABR-framework is as well. It needs application in specific empirical
domains, meeting requirements that arise in that domain. Whether a certain
inference relation is desirable depends on the specific application of the model,
similar to the question what formal properties the aggregationprocedure must
show. In fact, they both belong to the institutions that give shape to the empirical system and that have to be represented.
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Chapter 7.

Conclusion

In this concluding chapter we briefly sketch what has been achieved in this
study and what still has to be done. In section 7.1 the main findings of our
research are presented. Then, section 7.2 pays attention to some theoretical
and practical implications of these results and makes some suggestions for
further research.

7.1.

THE MAIN FINDINGS

Our concern with the role of logic and argument in formal theories of commonsense reasoning, led to a threefold aim.
First, we explicitly have tried to develop an approach to commonsense
reasoning, a notion that in many ways appears to deserve conceptual clarification. To this end, we tried to give shape to some ideas on resource-bounded
inference, inspired by insights taken from decision theory, argumentation
theory and AI; adhering to the idea that the quality of (represen[ation of)
information and the limitations of the human information processing system
must put constraints on epistemic theories and models of inference.
Our second aim was to develop a conceptual model for argument based
reasoning, underlying a formalism; a model that is sufficiently worked out to
provide the informal specifications that guide design decisions made in the
formalism.
Our third aim was to develop a general formal framework for commonsense reasoning, based on this approach to argument based reasoning.
Summarizing, we can state that in achieving this, three insights have been
(further) developed or rather scrutinized, leading to the main findings of this
study.
First, there is this idea that patterns of commonsense inference can be
modeled as a process of constructing and weighing arguments and counterarguments. Ideas on the level of specification of the empirical system lead to
the requirement of a sufficiently worked out theory of argument, that can
provide a conceptual model, underlying a formalism. A theory of argument,
that at least, deals with the four parameters of our approach to resourcebounded inference: rationality, the descriptive-explanation distinction, the
descriptive-normative distinction and the product-process distinction. Unlike
researchers in defeasible reasoning, we argued that it is worthwhile to take
modern argumentation theory into account to give shape to this theory, rather
than adopting a mere terminology of notions taken from dialectics and debate.
More specifically, substantial parts of pragma-dialectics have been adopted in
our conceptual model, comprising the informal specifications that govern or
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-at least- guide design decisions made in the formalism. Ideas on critical discussions, solving conflicts of opinions, rationality, functionalizing, externalizing, dialectifying, socializing, intersubjective validity, problem-solving
validity, commitments and cooperativity, code of conduct and higher order
rules, have guided design decisions made in the formalism. As a result, we
proposed a resolution oriented, deliberative and distributed formalism, modelled declaratively by a dialectical structure.
We have shown that argumentation theory in general and pragma-dialectics
in particular are suitable for giving shape to such a conceptual model. As the
model of pragma-dialectics that we adopted is an ideal "general purpose"
model that can find application in several domains, also our formal framework
has this "general purpose" character; specific applications in specific (empirical) domains can be realized by changing the formal parameters of the dialectical structure.
Furthermore, we argued that the gap between formal logic and informal
logic is not just regrettable, but for a main part unnecessary as well. Formal
research on commonsense reasoning and research in argumentation theory are
strongly related. They arise from the same tradition on resource-bounded
inference. And, more importantly, new logical approaches -for example developed in non-monotonic logic and defeasible reasoning- can overcome some of
the drawbacks that are manifest in classical logic.
Summarizing, we believe this study can be considered as a first attempt to a
systematic application of modern argumentation theory in logical approaches
to commonsense reasoning. Furthermore we have tried to argue that the gap
between 'forma[" and "informal" logic, is both regrettable and avoidable.
Secondly, we argued that it is possible to model resource-bounded inference
by logical, non numerical, non-probabilistic models; logical in the sense that
we define a formal language and an inferential apparatus that operates on it.
However, it is questionable whether the "rationalistic" tradition in logic as
Barth describes it, provides us with a background that is suitable for our aims,
despite its success in mathematics, linguistics and computer science.
In our own formalism, we generalized some notions taken from classical
logic, but we mainly introduced new nomenclature and insights taken from
defeasible reasoning, argumentation theory and decision theory. These insights
include arguments rather than propositions as the key notion in reasoning, an
inferential apparatus that is not identified with consequence relations, inference
relations based on generated arguments, inference relations embedded in a
dialectical structure that takes all kinds of social parameters ("institutions")
into account and more importantly the idea of a critical discussion as a goal
oriented deliberative, distributed model for commonsense reasoning, declaratively represented by the notion of a dialectical structure. As a result our
formalism has little in common with more canonical non-monotonic logics; it
even deviates from work in defeasible reasoning. Although our approach to
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logic certainly is not rooted in the rationalistic tradition in logic (classical
logic, intensional logic and in our opinion also non-monotonic logic!), it is
only a first step towards the empirical logics that Barth suggests, as she demanded research methods taken from social science, synchronic historical
analysis and description of logemes. Due to the general purpose character of
the framework, it is mainly "proto-empirical" or pragmatic, modelling the
institutions that underlie the process of reasoning, without real empirical concern. Also our ideas on the level of specification of the empirical system,
imply a deviation from the more canonical approaches to logic. We reject a
mere representation of the empirical system by sets of premisses in natural
language, that function as benchmarks. Be that as it may, if we really would
give shape to this idea of "logic as a social science", both extensions of the
model and applications in specific domains are necessary.
SummariZing, we believe this study can also be considered as a contribution to
the pragmatic (-proto-empirical) and empirical tradition in logic that Barth
proposed.
Thirdly, it was argued that a theory of resource-bounded inference has a decision theoretic component. Its importance for argument based models of commonsense cannot be overestimated. What's more, we believe one cannot model resource-bounded inference without explicitly taken this component into
account. Research in decision theory (and especially decision theoretic studies
in social and cognitive psychology) provide both sound mathematical techniques and realistic (monological and distributed) theories of human decisionmaking. Especially, techniques and theories dealing with group decision-making are important for anyone interested in distributed approaches to resourcebounded inference. In our view both defeasible reasoning and important parts
of modern argumentation theory can be put into this tradition and therefore
should deal with this decision theoretic component.
We are aware of the fact that this study, as far as this decision theoretic
component is concerned, is predominantly explorative. Although some insights
from this cognitive tradition have been adopted, there is no systematic application of important (empirical) studies on human decision making. Nevertheless,
we believe both the adoption of a goal-oriented model like pragma-dialectics
and our application of ideas taken from the theory of social choice can be
considered as tangible contributions to this decision theoretic approach to
resource-bounded inference. However, both extension and application of our
framework demand a more thorough concern with these decision theoretic
aspects.
SummariZing, this thesis is a plea for a more systematic study of the decision
theoretic aspect of resource-bounded inference.
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7.2.

IMPLICATIONS AND SUGGESTIONS FOR FURTHER RESEARCH

We are aware that this research was in a certain way highly explorative, as we
mainly established relations between divergent fields, that usually do not show
much cross-fertilization. Furthermore, we only developed a general purpose
framework for ABR that needs both further refinement and application.
These facts, as well as the strong, alternative approaches to logic from
Loui and Barth that underlie our approach, unsurprisingly have some theoretical implications. Due to the fact that we mainly tried to establish some relations between logic, argument and commonsense, many suggestions for further
research are rather straightforward as well. Many of them have been made
already in this thesis. Here, we restrict ourselves to some important suggestions for further research, that can be derived directly from the beforementioned main findings. Some of these concern a more general level, dealing
with the general focus of research; the relations between logic, argument and
commonsense we sketched in section 1.3. Others are more concrete. They
deal with immediate extensions of the formalism we developed and with applications of this formalism in specific fields.
With respect to the first insight we gave in section 7.1, we choose modern
argumentation theory as a starting point in developing a formalism. Furthermore, we sketched some similarities between the "new" logics and studies in
argumentation theory, including problems with deduction and the relation
between unexpressed premisses and the qualification problem. We also emphasized the relation between non-monotonic logic and argumentation. From this
point of view two main topics in argumentation theory have to be mentioned.
Both the study of fallacies and the study of argumentation schemes show
strong similarities with attempts in non-monotonic logic to model patterns of
commonsense reasoning; especially reasoning with incomplete and uncertain
knowledge. We already made some brief comparisons, but in our opinion this
relation needs more careful study; real interesting work in this field still has to
be done.
Furthermore, it goes without saying that our application of pragma-dialectics as a conceptual model for commonsense reasoning was rather straightforward, as we were primarily interested in a"general purpose" framework.
Many aspects and details have been neglected. However, pragma-dialectics
finds application in several specitic domains, for instance the legal field. For
example, in [Feteris, 1994] it is argued that the model is suitable in domains
where the actors at first sight are not interested in solving a conflict in a rational way. Additional rules can compensate this. In our opinion, one straightforward and interesting application of our own formalism would be to investigate
to what extent these additional rules can be expressed in our own formalism.
Our second insight concerned the contention that logic can play a role in
modelling commonsense, although we need approaches derived from a non-
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rationalistic tradition. It goes without saying that much has to be done here.
We already stated that defeasible reasoning is much less canonical than nonmonotonic logic, not to speak about the logical systems we propose.
One important aspect, that we did not take into account, deals with tractability. Loui showed high expectations with respect to computational advantages of systems based on dialectics. Can our formalism serve as a basis for
executable programs?
As far as our own formalism is concerned, several extensions and generalizations have been suggested in this study. Some of them will be repeated
here. They include formal definitions of arguments based on other argumentation schemes, other sets of goals, more sophisticated inference-relations, simultaneous application of different inference relations in one and the same
critical discussion. One very important and to a certain extent necessary extension would be to extend the language in such a way that (part ot) the procedure of debate can also be modelled. A debate, governed by procedural rules
that "correspond" with the declarative requirements of the dialectical structure.
Our suggestions concerning the third insight we presented in section 7.1 are
straightforward. Restricting ourselves to our own formalism we believe the
most interesting suggestion for further research concerns the relation between
specific dialectical situations and the theory of social choice.
In section 6.7 some types of debate were sketched informally, illuminating
the interaction between goal, aggregation-procedure and inference relation.
Can we characterize real critical discussions, as they can be acknowledged in
specific empirical domains, by further refinements of the dialectical structure?
And can we relate them to and "formalize" them by applying more sophisticated insights and results from the theory of social choice'?
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Samenvatting "Logic, Argument, and Commonsense"

Dit proefschrift gaat in op de rol die logica en argumentatie kunnen spelen in
formele modellen voor commonsense redeneren. Aangezien dit laatste begrip
geenszins op voorhand onproblematisch is, wordt betoogd dat er eerst een
specifieke benadering van commonsense redeneren ontwikkeld moet worden
voordat "redeneerpatronen" geformaliseerd of formeel gekarakteriseerd kunnen
worden. Nadat hiertoe een poging is gedaan, wordt duidelijk hoe deze overwegingen kunnen leiden tot een conceptueel model voor argument gebaseerd
redeneren, dat als richtlijn dient bij de ontwikkeling van een formalisme. Tot
slot wordt een formalisme gepresenteerd waarin de ideeën over argument gebaseerd redeneren formeel worden gekarakteriseerd.
Hoofdstuk 1 bevat een algemene inleiding in en een globaal overzicht van de
problematiek. Allereerst wordt betoogd dat de notie commonsense redeneren
conceptuele verduidelijking behoeft. Er wordt getracht vorm te geven aan een
benadering van resource-bounded redeneren, door het onderzoek te verankeren
in een drietal disciplines die zich nadrukkelijk bezighouden met redeneren in
een niet-geïdealiseerde omgeving. Allereerst de besliskunde; deze betreft zowel
aan de wiskundige economie ontleende formele modellen (speltheorie en sociale keuze theorie), als ook meer realistische door sociaal en cognitief psychologen ontwikkelde theorieën over menselijk beslisgedrag. Vervolgens wordt
aandacht besteed aan de argumentatietheorie, omdat deze zich vooral bezighoudt met redeneren en argumenteren in alledaagse gesproken of geschreven
taal. Tot slot Artifzciële Intelligentie (AI) omdat juist dit vakgebied een belangrijke stimulans betekent voor het zoeken naar nieuwe, geavanceerde logica's
die geschikt zijn voor commonsense redeneren. Op een tweetal van deze
"nieuwe" benaderingen, de zogenaamde niet-monotone logica's en defeasible
reasoning wordt kort ingegaan. Vooral de laatste benadering is van belang
omdat zij commonsense redeneren wil modelleren als een dialectisch proces.
Vervolgens worden enige relaties tussen de noties logica, argument en commonsense geschetst. Ruwweg betreffen deze relaties de nog steeds problematische verhouding tussen "formele" logica en de overwegend "informele" argumentatie theorie, de vraag of logica geschikt is als representatietaal in de AI
en de vraag welke rol moderne argumentatietheorie kan spelen bíj het ontwikkelen van argument gebaseerd redeneren. Dit alles leidt tot een drieledige
doelstelling, die in de eerst paragraaf van deze samenvatting is verwoord.
Hoofdstuk 2 gaat in op een aantal belangrijke aspecten van de hier voorgestelde benadering van commonsense redeneren. Na een beknopte uiteenzetting
over het besliskundige karakter van resource-bounded redeneren, wordt aandacht besteed aan het probleem van specificatie en representatie; op welk niveau moeten de "informele kennis" en de gewenste en bedoelde inferenties
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worden gespecificeerd en gerepresenteerd. Representatie-stellingen zoals in de
meettheorie en de klassieke logica (de volledigheidsstelling) zijn in de regel
niet voorhanden, waardoor het gevaar van onderspecificatie dreigt. Voorgesteld wordt om een notie van commonsense te hanteren die ten minste een
expliciete notie van rationaliteit bevat en die gekarakteriseerd kan worden met
betrekking tot de tegenstellingen descriptief versus verklarend, descriptief
versus normatief en declaratief versus procedureel. Het expliciteren van deze
vier "parameters", alsmede de uiteenzettingen over specificatie kunnen worden
beschouwd als een eerste stap op weg naar een conceptueel model dat het
functionele gedrag van het uiteindelijke formele systeem bepaalt. Vervolgens
wordt beknopt een indruk gegeven van de manier waarop in de argumentatietheorie en de besliskunde vorm wordt gegeven aan deze vier parameters.
Hoofdstuk 3 gaat kort in op de problematische status van het begrip commonsense in AI en op de rol die logica kan spelen in dit vakgebied. Vervolgens
wordt aandacht besteed aan de visie op logica en representatie die ten grondslag ligt aan niet-monotone logica. Enige knelpunten worden besproken. Daarna worden twee sterk polemische bijdragen van R. Loui en E. Barth besproken waarin wordt betoogd dat de onderhavige problematiek een geheel andere
benadering van logica vereist. Allereerst wordt aandacht besteed aan de visie
van Loui op de filosofische uitgangspunten van defeasible reasoning, dat door
haar expliciete voorkeur voor argumentatie en dialectiek sterk verschilt van
zowel klassieke logica als niet-monotone logica. Ondanks de aandacht voor
argumentatie, debat en dialectiek bestaat binnen defeasible reasoning evenwel
nauwelijks serieuze belangstelling voor de moderne argumentatie theorie.
Vervolgens wordt de door Barth voorgestelde pragmatische en empirische
traditie in de logica geschetst. Deze bepleit een verdere afwijking van de traditionele rationalistische werkwijze en denkwijze van de logicus. Zo stelt de
auteur onder meer dat de logicus meer te werk moet gaan als empirisch wetenschapper, om niet te zeggen als sociaal wetenschapper, wil de logica werkelijk
van nut zijn in empirische domeinen als b.v. de politiek. Getracht wordt uitgangspunten van Loui en Barth in onze argument gebaseerde benadering tot
uitdrukking te brengen.
Hoofdstuk 4 geeft eerst een beknopt overzicht van probleemgebieden en aandachtspunten van de moderne argumentatietheorie: de nadruk op argumentatie
als een vorm van taalgebruik, de rol van functionele linguïstische theorieën
over taalgebruik, de soms problematische verhouding met formele logica, het
deliberatieve karakter (wegen van argumenten en tegenargumenten), het gedistribueerde karakter (verschillende actoren in een sociale omgeving) en benaderingen inzake de beoordeling van argumentatie. Vervolgens wordt beknopt
ingegaan op verschillen en overeenkomsten met formele benaderingen uit de
AI zoals niet-monotone logica en defeasible redeneren. Zowel de kritiek op de
klassieke logica als de bestudeerde (redeneer)problemen vertonen soms opmerkelijke overeenkomsten. Vervolgens wordt een beknopt overzicht gegeven van

170

een aantal inzichten uit de pragma-dialectiek. Deze voorziet in een algemene
theorie over argumen[atie waarin een aantal van de hierboven genoemde items
expliciet vorm krijgt. Uitgaande van de hier voorgestelde benadering van commonsense redeneren, lijkt de pragma-dialectiek vorm te kunnen geven aan het
benodigde conceptuele model en is daarmee een concreet voorbeeld van een
meer systematische toepassing van inzichten uit de argumentatie-theorie in
formele ABR-systemen. Dit conceptuele model vormt een richtlijn bij de ontwikkeling van het formalisme en combineert inzichten uit de pragma-dialectiek
met in hoofdstuk 2 en 3 ontwikkelde opvattingen over representatie en de rol
van logica hierbij.
Hoofdstuk 5 bevat een deliberatief, monologisch ABR-model. Het is deliberatief, omdat conclusies gebaseerd zijn op een proces van construeren van argumenten en tegenargumenten. Het is monologisch, aangezien slechts één actor
bij het redeneerproces betrokken is. Vervolgens wordt stap voor stap een algemeen raamwerk voor ABR opgebouwd, waarbij steevast wordt getracht design-beslissingen te motiveren met behulp van het conceptuele model. De taal
van de eerst orde predikaten logica wordt uitgebreid met regels. Met behulp
hiervan worden theorieën of informatietoestanden geformuleerd, die de initiële
commitments van een actor representeren. Op basis van deze theorieën kunnen
argumenten worden geconstrueerd. Verschillende vormen van argumentatie
worden formeel gekarakteriseerd. Vervolgens wordt het inferentieel apparaat
ontwikkeld door inferentie-relaties te definiëren die volledig zijn gebaseerd op
argumenten en tegenargumenten, in plaats van op premissen. Verschillende
vormen van afleidbaarheid worden gepresenteerd en er wordt kort op hun
logische eigenschappen ingegaan. Ook wordt kort aandacht besteed aan het
doel-gerichte karakter van argumentatie.
Hoofdstuk 6 breidt het formalisme uit naar een gedistribueerde omgeving.
Eerst volgen beknopte uiteenzettingen over de rol van de introductie van verschillende actoren op de noties van rationaliteit en argument, alsmede een
bespreking van de relatie met speltheorie en sociale keuze theorie. Daarna
wordt aangegeven op welke wijze deze gedistribueerde omgeving de mogelijkheid tot het kritiseren van een standpunt vergroot. Er wordt aangegeven hoe
een debat gezien kan worden als een incrementele constructie van een geaggregeerde theorie die "op de een of andere manier afhangt van" de individuele
theorieën. De wijze waarop een en ander plaats vindt wordt declaratief gerepresenteerd door een aggregatie-operator. Vervolgens wordt een zogenaamde
dialectische structuur geïntroduceerd. Dit is een declaratieve, d.w.z. niet-procedure representatie van een kritische discussie. Deze geeft aan dat de uiteindelijke oplossing van het conflict een functie is van respectievelijk het vastgestelde doel van de discussie, het aantal actoren, hun individuele informatietoestanden (hun inítiële commitments), een aggregatie-operator die een geaggregeerde theorie oplevert en de gehanteerde inferentie-relaties die "werken"
op deze geaggregeerde theorie.
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Een aantal voorbeelden verduidelijkt de interactie tussen deze parameters.
Vervolgens wordt aangegeven hoe met behulp van inzichten uit de sociale
keuze theorie formele eigenschappen van de aggregatie-operator kunnen worden gedefinieerd. Deze stellen ons onder meer in staat op formele wijze vorm
te geven aan noties als intersubjectieve en problem-solving validiteit.
Belangrijk hierbij is dat het redelijkheidsideaal door alle vijf parameters
kan en moet worden gekarakteriseerd of liever gezegd gerealiseerd; niet alleen
door de inferentie relatie. Sterker nog, soms lijkt het zeer gerechtvaardigd een
rigide inferentie-relatie te hanteren, mits hoge eisen gesteld zijn aan de individuele informatie-toestanden en vooral aan de aggregatie-operator.
Hoofdstuk 7 bevat een aantal conclusies alsmede enige suggesties voor verder
onderzoek. De hier voorgestelde benadering van argument gebaseerd redeneren kan worden beschouwd als een aanzet tot een systematische toepassing van
inzichten uit de moderne argumentatie theorie in formele benaderingen van
commonsense redeneren. Deze lijken hiermee meer gebaat dan bij het eclectisch overnemen van dialectische begrippen.
Voorts kan de studie worden beschouwd als een bijdrage tot de theorievorming in de pragmatische traditie in de logica zoals voorgesteld in hoofdstuk 3.
Een traditie die sterk afwijkt van meer traditionele benaderingen. Tot slot
impliceert de in dit proefschrift voorgestelde argument gebaseerde benadering
een pleidooi voor een meer systematische studie naar besliskundige aspecten
van commonsense redeneren. Suggesties voor verder onderzoek kunnen rechtstreeks uit deze drie conclusies worden afgeleid. Om te beginnen is de hier
voorgestelde benaderingswijze enigszins exploratief; verschillende relaties zijn
veeleer geëxploreerd, dan dat daadwerkelijk "formele" resultaten zijn afgeleid.
Werkelijk bevredigende benaderingen van commonsense redeneren vereisen
bovendien een verdere verdieping in de theorievorming van argumentatie. Dat
geldt ook voor de wijze waarop pragma-dialectiek is toegepast in het formalisme. Voorts zijn verschillende uitbreidingen van het formalisme mogelijk en
wenselijk, vooral met betrekking tot de vijf parameters van de dialectische
structuur. Een aantal voorstellen, ook met betrekking tot toepassingen, wordt
gedaan. Een derde suggestie betreft het besliskundige karakter van argument
gebaseerd redeneren. Tot nu toe is slechts in algemene termen de relatie tussen
argument gebaseerde systemen en sociale keuze theorie geschetst. Nagegaan
moet worden of het mogelijk is argument gebaseerde formalismen verder te
ontwikkelen met behulp van de sociale keuze theorie.
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