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Preface

Logic deals with the formal principles and criteria of validity of patterns of inference.
This reader discusses logics for a particular group of patterns of inference, viz. infer-
ences that are not absolutely certain, but that can still be rationally made aslong as
they cannot be defeated on the basis of information to the contrary. Such patterns can
be found in commonsense reasoning, i.e., the inferences humans make in theirdaily
life, but also, for example, in legal and medical reasoning and in public debate. This
kind of reasoning lacks one important property of ‘standard’ or ‘deductive’ reasoning,
viz. the property ofmonotonicityof the consequence notion. When inferences are not
absolutely certain, it may happen that conclusions inferrable from a particular body of
information, are not inferrable from an extended body of information, since the new
information gives rise to defeaters of the inference. Hence logics for such inference
patterns are often callednonmonotonic logics.

Nonmonotonic notions of logical consequence have been studied in artificial intel-
ligence since 1980, when theArtificial Intelligencejournal published a special issue on
nonmonotonic logic. Several nonmonotonic logics were proposed in this issue, the best-
known of which are default logic (Reiter, 1980) and circumscription (McCarthy, 1980).
For an introduction to nonmonotonic logic see Antoniou (1997). This reader discusses
a third kind of nonmonotonic logic, based on the notion ofargumentation. The first
argumentation logics were proposed by the philosopher John Pollock (Pollock, 1987)
and the AI researcher Ronald Loui (Loui, 1987). In 1995 Phan Minh Dung showed
in an influential paper that argumentation can be seen as a general framework for non-
monotonic logics (Dung, 1995). Argumentation logics have also been shownto be an
important component of multi-agent interaction; see Prakken (2006) for an overview. A
recent book with surveys on logical and dialogical aspects of argumentation is Rahwan
and Simari (2009).

This reader is based on Chapters 4-7 of Prakken (2010), which is in turn based
on Prakken and Vreeswijk (2002) (Chapters 1 and 2 of this reader), on Prakken (2010)
(Chapter 4) and on Vreeswijk and Prakken (2000) (Section 3.3). Exercises can be found
at the end of the chapters; answers to these exercises are given in a separate text.
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Chapter 1

Argumentation logics: introduction

This chapter introduces the idea of argumentation-based inference, illustrates it with an
example from legal reasoning and then briefly describes the basic buildingblocks of
argumentation logics.

1.1 Argumentation-based inference: the main idea

Introductory textbooks to logic often portray logically valid inference as ‘foolproof’
reasoning: an argument is valid if the truth of its premises guarantees the truthof its
conclusion. However, we all construct arguments from time to time that are not fool-
proof in this sense but that merely make their conclusion plausible when their premises
are true. For example, if we are told that John and Mary are married and that John lives
in Amsterdam, we conclude that Mary will live in Amsterdam as well since we know
that usually married people live where their spouses live. Sometimes such arguments
are overturned by counterarguments. For example, if we are told that Mary lives in
Rome to work at the foreign offices of her company for two years, we have to retract
our previous conclusion that she lives in Amsterdam. However, as long assuch coun-
terarguments are not available, we are happy to live with the conclusions ofour fallible
arguments. The question is: are we then reasoning fallaciously or is there still logic in
our reasoning?

The answer to this question has been given in three decades of research in Artificial
Intelligence on nonmonotonic reasoning, partly inspired by earlier developments in
philosophy, e.g. Toulmin (1958); Pollock (1974); Rescher (1977); Walton (1996). At
first sight it might be thought that patterns of nonmonotonic reasoning area matter
of applying probability theory. However, many such patterns cannot be analysed in a
probabilistic way. In the legal domain this is particularly clear: while reasoningabout
the facts can (at least in principle) still be regarded as probabilistic, reasoning about
normative issues clearly is of a different nature. Moreover, even in matters of evidence
reliable numbers are usually not available so that the reasoning has to be qualitative.

Argumentation logics model nonmonotonic reasoning as the construction and com-
parison of arguments for and against a certain claim. Just as in deductivereasoning,
arguments must instantiate inference schemes but only some of these schemescapture
foolproof reasoning: in the present account deductive logic turns out to be the special
case of arguments that can only be attacked on their premises.
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8 Argumentation logics: introduction

1.2 Motivating example

We shall illustrate the idea of argumentation-based inference with a dispute between
two persons,A andB. They disagree on whether it is legally acceptable for a newspaper
to publish a certain piece of information concerning a politician’s private life.Let us
assume that the two parties have reached agreement on the following points.

(1) The piece of informationI concerns the health of personP ;
(2) P does not agree with publication ofI;
(3) Information concerning a person’s health is information concerning

that person’s private life

A now states the legal rule that

(4) Information concerning a person’s private life may not be published
if that person does not agree with publication.

andA says “So the newspapers may not publishI” (Fig. 1.1, page 9). AlthoughB
accepts principle (4) and is therefore now committed to (1-4),B still refuses to accept
the conclusion that the newspapers may not publishI. B motivates her refusal by
replying that:

(5) P is a cabinet minister
(6) I is about a disease that might affectP ’s political functioning
(7) Information about things that might affect a cabinet minister’s

political functioning has public significance

Furthermore,B maintains that there is also a legal rule that

(8) Newspapers may publish any information that has public significance

B concludes by saying that therefore the newspapers may write aboutP ’s disease
(Fig. 1.2, page 10).A agrees with (5–7) and even accepts (8) as a legal rule, butA
does not give up his initial claim. Instead he tries to defend it by arguing thathe has the
stronger argument: he does so by arguing that in this case

(9) The likelihood that the disease mentioned inI affectsP ’s
functioning is small.

(10) If the likelihood that the disease mentioned inI affectsP ’s
functioning is small, then rule (4) has priority over rule (8).

Thus it can be derived that the legal rule used inA’s first argument has priority over the
legal rule used byB (Fig. 1.3, page 10), which makes A’s first argument stronger than
B’s, so that it follows after all that the newspapers should be silent about P ’s disease.

Let us examine the various stages of this dispute in some detail. Intuitively, it seems
obvious that the accepted basis for discussion afterA has stated (4) andB has accepted
it, viz. (1,2,3,4), warrants the conclusion that the piece of informationI may not be
published. However, afterB’s counterargument andA’s acceptance of its premises (5-
8) things have changed. At this stage the joint basis for discussion is (1-8), which gives
rise to two conflicting arguments. Moreover, (1-8) does not yield reasons to prefer one
argument over the other: so at this pointA’s conclusion has ceased to be warranted. But
thenA’s second argument, which states a preference between the two conflictinglegal
rules, tips the balance in favour of his first argument: so after the basis for discussion
has been extended to (1-10), we must again acceptA’s claim as warranted.
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(3) Information
concerning a
person’s health is
information
concerning that
person’s private
life.

(1) I concerns
the health ofP .

I concerns the
private life ofP .

(2) P does not
permit

publication ofI.

I concerns the
private life ofP
and P does not
permit
publication ofI.

(4) Information
concerning a

person’s private
life may not be

published against
that person’s

will.

The newspapers
may not publishI.

Figure 1.1:A’s argument.

Logical systems that formalise this kind of reasoning are called ‘argumentation
logics’, or ‘argumentation systems’. As the example shows, these systems lack the
monotonicity property of ‘standard’, deductive logic (say, first-orderpredicate logic,
FOL). According to FOL, ifA’s claim is implied by (1–4), it is surely also implied
by (1–8). From the point of view of FOL it is pointless forB to accept (1–4) and yet
state a counterargument;B should also have refused to accept one of the premises, for
instance, (4).

Does this mean that our informal account of the example is misleading, that it con-
ceals a subtle change in the interpretation of, say, (4) as the dispute progresses? This
is not so easy to answer in general. Although in some cases it might indeed bebest to
analyse an argument move likeB’s as a reinterpretation of a premise, in other cases this
is different. In actual reasoning, rules are not always neatly labelled with an exhaustive
list of possible exceptions; rather, people are often forced to apply ‘rules of thumb’ or
‘default rules’, in the absence of evidence to the contrary, and it seemsnatural to anal-
yse an argument likeB’s as an attempt to provide such evidence to the contrary. When
the example is thus analysed, the force of the conclusions drawn in it can only be cap-
tured by a consequence notion that is nonmonotonic: althoughA’s claim is warranted
on the basis of (1–4), it is not warranted on the basis of (1–8).

Argumentation logics are the most direct attempt to formalise examples like the
above one, by defining notions like argument, counterargument, attack anddefeat, and
by defining nonmonotonic consequence in terms of the interaction of arguments for
and against certain conclusions. This approach was initiated by the philosopher John
Pollock (Pollock, 1987), based on his earlier work in epistemology, e.g. (Pollock, 1974),
and the AI researcher Ronald Loui (Loui, 1987).

One application of argumentation logics is to to formalise ‘quick-and-dirty’ com-
monsense reasoning with empirical generalisations. In everyday life people often rea-
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(5) P is a cabinet
minister.

(6) I is about a
disease that

might affectP ’s
political

functioning.

I is about a
disease that
might affect a
cabinet
minister’s
political
functioning.

(7) Information
about things that

might affect a
cabinet

minister’s
political

functioning has
public

significance.

I has public
significance.

(8) Newspapers
may publish any
information that

has public
significance.

The newspapers
may publishI.

Figure 1.2:B’s argument.

(9) The likelihood that the
disease mentioned inI
affectsP ’s functioning is
small.

(10) If the likelihood that the disease
mentioned inI affectsP ’s functioning is
small, then rule (4) has priority over rule

(8).

Rule (4) has priority over
rule (8).

Figure 1.3:A’s priority argument.

son with generalisations such as ‘Birds fly’, ‘Italians usually like coffee’, ‘Chinese
usually do not like coffee’, ‘Witnesses usually speak the truth’ or ‘Whenthe streets are
wet, it must have rained’. In commonsense reasoning, people apply sucha generalisa-
tion if nothing is known about exceptions, but they are prepared to retract a conclusion
if further knowledge tells us that there is an exception (for instance, a given bird is in
fact a penguin, a witness has a reason to lie or the streets are wet because they are being
cleaned).

However, argumentation systems have wider scope than just reasoning withsuch
empirical generalisations. Firstly, argumentation systems can be applied to anyform of
reasoning with contradictory information, whether the contradictions have todo with
generalisations and exceptions or not. For instance, the contradictions mayarise from
reasoning with several sources of information, or they may be caused bydisagreement
about beliefs or about moral, ethical or political claims. Moreover, it is important that
several argumentation systems allow the construction and attack of argumentsthat are
traditionally called ‘ampliative’, such as inductive, analogical and abductive arguments;
these reasoning forms fall outside the scope of most other nonmonotonic logics.

One domain in which argumentation systems have become popular is legal reason-
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ing. This is not surprising, since legal rules often have exceptions or are in conflict
with each other (see the above example). Also, legal reasoning often takes place in an
adversarial context, where notions like argument, counterargument, rebuttal and defeat
are very common. Argumentation systems have also been applied in, for instance, the
medical domain and in multi-agent models of negotiation and collaboration.

1.3 Argumentation logics: a conceptual sketch

In this section we give a conceptual sketch of the general ideas behind argumentation
logics. First we sketch the general idea, and then we discuss the five main elements of
such logics.

1.3.1 The general idea

Argumentation systems formalise nonmonotonic reasoning as the construction and com-
parison of arguments for and against certain conclusions. The idea is that the construc-
tion of arguments on the basis of a theory is monotonic, i.e., an argument stays an argu-
ment if the theory is enlarged with new information. Nonmonotonicity is explained in
terms of the interactions between conflicting arguments: it arises from the fact that the
new information may give rise to stronger counterarguments, which defeatthe original
argument. For instance, in case of Tweety the penguin we may construct one argument
that Tweety flies because it is a bird, and another argument that Tweety does not fly
because it is a penguin, and then we may prefer the latter argument because it is about
a specific class of birds, and is therefore an exception to the general rule.

1.3.2 Five elements of argumentation systems

Argumentation systems contain the following five elements (although sometimes im-
plicitly): an underlying logical language, definitions of an argument, of conflicts be-
tween arguments and of defeat between arguments and, finally, a definitionof the di-
alectical status of arguments, which can be used to define a nonmonotonic notion of
logical consequence.

A logical language

Argumentation systems are built around an underlying logical language andan asso-
ciated notion of logical consequence, defining the notion of an argument. As noted
above, the idea is that this consequence notion is monotonic: new information can-
not invalidate arguments as arguments but can only give rise to new counterarguments.
Some argumentation systems assume a particular logic, while other systems leave the
underlying logic partly or wholly unspecified; thus these systems can be instantiated
with various alternative logics, which makes them frameworks rather than systems.

Arguments

The notion of an argument corresponds to a tentative proof (or the existence of such
a proof) in the underlying logic. As for the layout of arguments, in the literature on
argumentation systems three basic formats can be distinguished, all familiar from the
logic literature. Sometimes arguments are defined as a tree of inferences grounded in
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the premises, and sometimes as a sequence of such inferences, i.e., as a deduction. Fi-
nally, some systems simply define an argument as a premises - conclusion pair,leaving
implicit that the underlying logic validates a proof of the conclusion from the premises.

The notions of an underlying logic and an argument still fit with the standard pic-
ture of what a logical system is. The remaining three elements are what makesan
argumentation system a framework for nonmonotonic reasoning.

Conflicts between arguments

The first is the notion of aconflictbetween arguments (also used are the terms ‘attack’
and ‘counterargument’). In the literature, three types of conflicts are discussed. Firstly,
arguments can be attacked on one of their premises, with an argument whoseconclusion
negates that premise. For example, an argument ‘Tweety flies, because itis a bird’ can
be attacked by arguing that Tweety is not a bird. This kind of attack will in Chapter 4
be calledunderminingattack. The second type of attack is to negate the conclusion of
an argument, as in ‘Tweety flies, because it is a bird’ and ‘Tweety does not fly because
it is a penguin’ (cf. the left part of Fig. 1.4). Finally, when an argument uses a non-

p q r s

t

¬t
p q r s

t

¬⌈p, q, r, s/t⌉

Figure 1.4: Rebutting attack (left) vs. undercutting attack (right).

deductive, ordefeasibleinference rule, it can be attacked on its inference by arguing
that there is a special case to which the inference rule does not apply (cf. the right
part of Fig. 1.4). After Pollock (1974, 1987), this is usually calledundercuttingattack.
Unlike a rebutting attack, an undercutting attack does not negate the conclusion of its
target but just says that its conclusion is not supported by its premises andcan therefore
not be drawn. In order to formalise this type of conflict, the rule of inference that is to
be undercut (in Fig. 1.4: the rule that is enclosed in the dotted box, in flat text written
as p, q, r, s/t) must be expressed in the object language:⌈p, q, r, s/t⌉) and denied:
¬⌈p, q, r, s/t⌉. 1 While all arguments can be attacked on their premises, only defeasible
arguments can be attacked on their conclusion or inference. The reasonwhy deductive
arguments cannot be rebutted or undercut is that deductive inferences are by definition
truth-preserving, i.e., the truth of their premises guarantees the truth of theirconclusion,
so the only way to disagree with the conclusion of a deductive argument is to deny one
of its premsies. By contrast, the conclusion of a defeasible argument can be rejected
even if all its premises are accepted. In Chapter 4 the difference betweendeductive and
defeasible inference rules will be formalised and several examples of defeasible rules
will be discussed. For now, consider the following example of a defeasibleargument
applying the principle of induction: the argument ‘Raven101 is black since the observed
ravens raven1 . . . raven100 were black’ is undercut by an argument ‘I saw raven102,
which was white’.

1Ceiling brackets around a meta-level formula denote a conversion of that formula to the object lan-
guage, provided that the object language is expressive enough to enable such a conversion.



Conceptual sketch 13

p ¬p

p

¬p

q

Figure 1.5: Direct attack (left) vs. indirect attack (right).

Note, finally, that all three kinds of attack have a direct and an indirect version; indi-
rect attack is directed against a subconclusion or a substep of an argument, as illustrated
by Figure 1.5 for indirect rebutting.

Defeat between arguments

The notion of conflicting, or attacking arguments does not embody any formof evalua-
tion; evaluating conflicting pairs of arguments, or in other words, determiningwhether
an attack is successful, is another element of argumentation systems. It hasthe form
of a binary relation between arguments, standing for ‘attacking and not weaker’ (in a
weak form) or ‘attacking and stronger’ (in a strong form). The terminologyvaries:
some terms that have been used are ‘defeat’, ‘attack’ and ‘interference’. Other systems
do not explicitly name this notion but leave it implicit in the definitions. In this text
we shall use ‘defeat’ for the weak notion and ‘strict defeat’ for the strong, asymmetric
notion. Note that the several forms of attack, rebutting vs. assumption vs. undercutting
and direct vs. indirect, have their counterparts for defeat.

Argumentation systems vary in their grounds for determining the defeat relations.
Often only domain-specific criteria are available, which, moreover, are often defeasible.
For this reason argumentation systems have been developed that allow for defeasible
arguments on these criteria. To give some examples of domain-specific criteria, in do-
mains where observations are important, defeat may depend on the reliability of tests,
observers or sensors. In advice giving or consultancy, defeat maybe determined by the
level of expertise of the advisors or consultants. And in legal applications, defeat may
depend on the legal hierarchy among statutes, on the court’s level of authority, or on
social or moral values. Our example in the introduction contains an argument on the cri-
teria for defeat, viz.A’s use of a priority rule (10) based on the expected consequences
of certain events. This argument might, for instance, be attacked by an argument that in
case of important officials even a small likelihood that the disease affects theofficial’s
functioning justifies publication, or by an argument that the negative consequences of
publication for the official are small.

The dialectical status of arguments

The notion of defeat is a binary relation on the set of arguments. It is important to
note that this relation does not yet tell us with what arguments a dispute can bewon;
it only tells us something about the relative strength of two individual conflicting ar-
guments. The ultimate status of an argument depends on the interaction betweenall
available arguments: it may very well be that argumentB defeats argumentA, but
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thatB is itself defeated by a third argumentC; in that caseC ‘reinstates’A (see Fig-
ure 1.6)2. Suppose, for instance, that the argumentA that Tweety flies because it is a

A B C

Figure 1.6: ArgumentC reinstates argumentA.

bird is regarded as being defeated by the argumentB that Tweety does not fly because
it is a penguin (for instance, because conflicting arguments are comparedwith respect
to specificity). And suppose thatB is in turn defeated by an argumentC, attacking
B’s intermediate conclusion that Tweety is a penguin.C might, for instance, say that
the penguin observation was done with faulty instruments. In that caseC reinstates
argumentA.

Therefore, what is also needed is a definition of the dialectical status of arguments
on the basis of all the ways in which they interact. Besides reinstatement, this defini-
tion must also capture the principle that an argument cannot be justified unless all its
subarguments are justified. There is a close relation between these two notions, since
reinstatement often proceeds by indirect attack, i.e., attacking a subargument of the
attacking argument (as illustrated by Figure 1.5). It is this definition of the status of
arguments that produces the output of an argumentation system: it typically divides ar-
guments in at least two classes: arguments with which a dispute can be ‘won’ and argu-
ments with which a dispute should be ‘lost’. Sometimes a third, intermediate category
is also distinguished, of arguments that leave the dispute undecided. The terminology
varies here also: terms that have been used are justified vs. defensible vs. defeated (or
overruled), defeated vs. undefeated, in force vs. not in force, preferred vs. not preferred,
etcetera. Unless indicated otherwise, we shall use the terms ‘justified’, ‘defensible’ and
‘overruled’ arguments.

These notions can be defined both in a ‘declarative’ and in a ‘procedural’ form.
The declarative form, usually with fixed-point definitions, just declares certain sets of
arguments as acceptable, (given a set of statements and evaluation criteria) without
defining a procedure for testing whether an argument is a member of this set;the pro-
cedural form amounts to defining just such a procedure. Thus the declarative form of
an argumentation system can be regarded as its (argumentation-theoretic) semantics,
and the procedural form as its proof theory. Note that it is very well possible that,
while an argumentation system has an argumentation-theoretic semantics, at thesame
time its underlying logic for constructing arguments has a model-theoretic semantics in
the usual sense, for instance, the semantics of standard first-order logic, or a possible-
worlds semantics of some modal logic.

EXERCISE 1.3.1 Reinstatement.

1. Extend Figure 1.6 (p. 14) with an argumentD, such thatD defeatsC. Are there
arguments that are justified? If so, which arguments? Are there arguments that
are reinstated byD? If so, which?

2. Extend the figure just drawn with a fifth argument,E, such thatE defeatsD. Are
there arguments that are justified? If so, which arguments? Are there arguments

2While in figures 1.4 and 1.5 the arrows stood for attack relations, from now on they will depict defeat
relations.
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that are reinstated byD? If so, which? Are there arguments that are reinstated
byE? If so, which?

The content of the remaining chapters is as follows. Chapter 2 presents a fully ab-
stract formal framework for the semantics of argumentation systems, which leaves the
structure of arguments and the nature of the defeat relation unspecified.Chapter 3 dis-
cusses the proof-theory of these abstract argumentation systems in the form of so-called
argument games. Chapter 4 then presents an instantiation of the abstract framework
with structured arguments and two kinds of inference rules, deductive and defeasible
ones. This framework is still partly abstract in that it abstracts from the nature and
origin of these rules and from the nature of the logical language.





Chapter 2

A framework for abstract
argumentation

This chapter presents a fully abstract framework for the semantics of argumentation,
which leaves the internal structure of arguments and the nature of the defeat relation
completely unspecified. As input it assumes nothing else but a set (of arguments) or-
dered by a binary relation (of defeat) and then defines several ‘semantics’, that is, prop-
erties that subsets of the set of all arguments should satisfy to be justified ordefensible.
Note that such argumentation semantics are, unlike the semantics of, say, standard first-
order logic, not based on the notion of truth: since argumentation systems formalise
reasoning that is defeasible, they are not concerned with truth of propositions, but with
justification of accepting a proposition as true. In particular, one is justified inaccepting
a proposition as true if there is an argument for the proposition that one is justified in
accepting. Argument-based semantics specify the conditions for when this isthe case.

The abstract framework was introduced by Dung (1995). Historically, itcame af-
ter the development of a number of more concrete argumentation systems, such as
the systems of Pollock (1987)−(1994) and Vreeswijk (1993) (both to be discussed in
Chapter 4). Dung’s framework was a breakthrough in several ways.Firstly, it contains
a general account of argumentation semantics, applicable to all systems thatinstanti-
ate his framework. Secondly, it made a precise comparison possible between different
systems by translating them into his abstract format. Third, it made a general study of
formal properties of systems possible, which are inherited by all systems that instanti-
ate his framework. Finally, all this applies not just to argumentation systems butalso
to other nonmonotonic logics, since Dung (1995) showed for several such logics how
they can be translated into his abstract framework.

2.1 The status of arguments: preliminary remarks

We now start the discussion of abstract argument-based semantics. As explained above,
the task of argument-based semantics is to specify the conditions under whichit is
justified to accept an argument. These conditions assume an ‘input’ set of arguments,
ordered by a binary relation of ‘defeat’.1 The framework is as abstract as possible,
leaving both the structure of arguments and the grounds for defeat unspecified.

1Dung (1995) uses the term ‘attack’, but to maintain uniformity throughoutthis text, we shall use
‘defeat’.
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18 A framework for abstract argumentation

We shall call the input of the framework an ‘argumentation theory’2.

Definition 2.1.1 [Abstract argumentation theories.]

1. An abstract argumentation theory(AAT ) is a pair〈Args, defeat〉, whereArgs

is a set of arguments, anddefeata binary relation onArgs.

2. We say that a setS of arguments defeats an argumentA iff some argument inS
defeatsA; andS defeats a setS′ of arguments iff it defeats a member ofS′.

As for applications of the framework, one might think of the setArgs as all arguments
that can be constructed in a given logic from a given set of premises (although this is not
always the case; see the discussion below in Chapter 4 of ‘partial computation’). Unless
stated otherwise, we shall below implicitly assume an arbitrary but fixed argumentation
theory. Recall that we read ‘A defeatsB’ in the weak sense of ‘A conflicts withB
and is not weaker thanB’; so in some cases it may happen thatA defeatsB andB
defeatsA. If A defeatsB, then ifB does not defeatA we say thatA strictly defeatsB,
otherwiseA weakly defeatsB.

Let us now concentrate on the task of defining the notion of a justified argument.
Which properties should such a definition have? A simple definition is the following.

Definition 2.1.2 Arguments are either justified or not justified.

1. An argument isjustifiediff all arguments defeating it (if any) are not justified.

2. An argument isnot justifiediff it is defeated by an argument that is justified.

This definition works well in simple cases, in which it is clear which arguments should
emerge victorious, as in the following example.

Example 2.1.3 Consider three argumentsA, B andC such thatB defeatsA andC
defeatsB:

A B C

A concrete version of this example is

A = ‘Tweety flies because it is a bird’
B = ‘Tweety does not fly because it is a penguin’
C = ‘The observation that Tweety is a penguin is unreliable’

C is justified since it is not defeated by any other argument. This makesB not justified,
sinceB is defeated byC. This in turn makesA justified: althoughA is defeated byB,
A is reinstated byC, sinceC makesB not justified.

In other cases, however, Definition 2.1.2 is circular or ambiguous. In particular
when arguments of equal strength interfere with each other, it is unclear which argument
should remain undefeated.

Example 2.1.4 (Even cycle.) Consider the argumentsA andB such thatA defeatsB
andB defeatsA.

2Dung says ‘argumentation framework’.
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A B

A concrete example is

A = ‘Nixon was a pacifist because he was a quaker’
B = ‘Nixon was not a pacifist because he was a republican’

Can we regardA as justified? Yes, we can, ifB is not justified. Can we regardB as
not justified? Yes, we can, ifA is justified. So, if we regardA as justified andB as not
justified, Definition 2.1.2 is satisfied. However, it is obvious that by a symmetrical line
of reasoning we can also regardB as justified andA as not justified. So there are two
possible ‘status assignments’ toA andB that satisfy Definition 2.1.2: one in whichA
is justified at the expense ofB, and one in whichB is justified at the expense ofA. Yet
intuitively, we are not justified in accepting either of them.

In the literature, two approaches to the solution of this problem can be found. The
first approach consists of changing Definition 2.1.2 in such a way that there is always
precisely one possible way to assign a status to arguments, and which is suchthat with
‘undecided conflicts’ as in our example both of the conflicting arguments receive the
status ‘not justified’. The second approach instead regards the existence of multiple
status assignments not as a problem but as a feature: it allows for multiple assignments
and defines an argument as ‘genuinely’ justified if and only if it receivesthis status
in all possible assignments. The following two sections discuss the details of both
approaches.

First, however, another problem with Definition 2.1.2 must be explained, having to
do with self-defeating arguments.

Example 2.1.5 (Self-defeat.) Consider an argumentL, such thatL defeatsL (Fig-
ure 2.1). SupposeL is not justified. Then all arguments defeatingL are not justified, so
by clause 1 of Definition 2.1.2L is justified. Contradiction. Suppose nowL is justified.
ThenL is defeated by a justified argument, so by clause 2 of Definition 2.1.2L is not
justified. Contradiction.

L

Figure 2.1: A self-defeating argument.

Thus, Definition 2.1.2 implies that there are no self-defeating arguments. Yetin ordi-
nary discourse examples of self-defeating arguments can be found, asin the following
example.

Example 2.1.6 (The Liar.) An elementary self-defeating argument can be fabricated
on the basis of the so-calledparadox of the Liar. There are many versions of this
paradox. The one we use here, runs as follows:

Dutch people can be divided into two classes: people who always tell the
truth, and people who always lie. Hendrik is Dutch monk, and from Dutch



20 A framework for abstract argumentation

monks we know that they tend to be consistent truth-tellers. Therefore, it
is reasonable to assume that Hendrik is a consistent truth-teller. However,
Hendriksayshe is a liar. Is Hendrik a truth-teller or a liar?

The Liar-paradox is a paradox, because either answer leads to a contradiction.

1. Suppose that Hendrik tells the truth. Then what Hendrik says must be true. So,
Hendrik is a lier. Contradiction.

2. Suppose that Hendrik lies. Then what Hendrik says must be false. So, Hendrik
is not a lier. Because Dutch people are either consistent truth-tellers or consistent
liers, it follows that Hendrik always tells the truth. Contradiction.

From this paradox, a self-defeating argumentL can be made out of (1):

Hendrik says:
“I lie”

Dutch monks
tend to be
consistent
truth-tellers

Hendrik is a
Dutch monk

Hendrik is a
consistent
truth-teller

Hendrik lies

Hendrik isnot a
consistent
truth-teller

If the argument for “Hendrik isnot a consistent truth-teller” is as strong as its subargu-
ment for “Hendrik is a consistent truth-teller,” thenL defeats one of its own subargu-
ments, and thus is a self-defeating argument.

In conclusion, it seems that Definition 2.1.2 needs another revision, to leaveroom
for the existence of self-defeating arguments. Below we shall discuss for each particular
semantics how it deals with self-defeat.

2.2 The unique-status-assignment approach

We now discuss an approach that changes Definition 2.1.2 in such a way that there is
always precisely one possible way to assign a status to arguments. This ‘unique-status-
assignment’ approach can best be explained by the way it formalises ‘reinstatement’
(see above, Section 1.3). It does so by combining a notion ofacceptabilitywith a
fixed-point operator. Recall that an argument that is defeated by another argument can
only be justified if it is reinstated by a third argument, viz. by a justified argumentthat
defeats its defeater. Part of this idea is captured by the notion ofacceptability(which,
by the way, is also relevant for the multiple-status-assignments approach, as we shall
see below in Section 2.3).

Definition 2.2.1 [Acceptability.] An argumentA is acceptablewith respect to a setS
of arguments iff each argument defeatingA is defeated byS. WhenA is acceptable
with respect otS, we also say thatS defendsA.
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The arguments inS can be seen as the arguments capable of reinstatingA in caseA
is defeated. To illustrate acceptability, consider again Example 2.1.3:A is acceptable
with respect to{C}, {A,C}, {B,C} and{A,B,C}, but not with respect to∅ and
{B}.

The notion of acceptability is not yet sufficient. Consider in Example 2.1.4 the set
S = {A}. It is easy to see thatA is acceptable with respect toS, since all arguments
defeatingA (viz.B) are defeated by an argument inS, viz.A itself. Clearly, we do not
want that an argument can reinstate itself, and this is the reason why, to obtain a unique
status assignment, a fixed-point operator must be used.

Intermezzo: fixed point operators Below we need some basics on fixed-point op-
erators. LetS be a set andO : Pow(S) −→ Pow(S) be an operator which for any
subset ofS returns a subset ofS. T ⊆ S is a fixed pointof O iff O(T ) = T . It is
known that ifO satisfies certain properties, it has aleast fixed point, i.e. a fixed point
which is a subset of all other fixed points ofO. The most important of these properties
is monotonicity, which is thatO(T ) ⊆ O(T ′) wheneverT ⊆ T ′.

Consider now the following operator, which for each set of arguments returns the set of
all arguments that are acceptable to it.

Definition 2.2.2 [Grounded semantics.] LetAAT be an abstract argumentation theory,
and letS ⊆ ArgsAAT . Then the operatorFAAT is defined as follows:

• FAAT (S) = {A ∈ ArgsAAT | A is acceptable with respect toS}

Thegrounded extensionof AAT is defined as the least fixed point ofFAAT .

It can be shown that the operatorF has a least fixed point, so that the notion of a
grounded extension is well-defined3. (The basic idea is that if an argument is acceptable
with respect toS, it is also acceptable with respect to any superset ofS, so thatF is
monotonic.) Self-reinstatement can then be avoided by defining the set of justified
arguments as that least fixed point. Note that in Example 2.1.4 the sets{A} and{B}
are fixed points ofF but not its least fixed point, which is the empty set. In general we
have that if no argument is undefeated, thenF (∅) = ∅.

These observations allow the following definition of a justified argument.

Definition 2.2.3 [Justified arguments in grounded semantics.] An argument isjustified
with respect to grounded semantics iff it is a member of the grounded extension.

In applying these definitions, it is useful to know that the least fixed point of F can be
approximated, and under certain conditions even obtained, by iterative application ofF
to the empty set.

Proposition 2.2.4 Dung (1995) Consider the following sequence of arguments.

• F 0 = ∅

• F i+1 = {A ∈ Args | A is acceptable with respect toF i}.

LetFω = ∪∞i=0(F
i). The following observations hold.

3Below the superscript ofF will usually be omitted.
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1. All arguments inFω are justified.

2. If each argument is defeated by at most a finite number of arguments, then an
argument is justified iff it is inFω.

Proof: (1) follows from the facts thatFω is included in the least fixed point ofF and
that if an argument is acceptable with respect toS, it is also acceptable with respect to
any superset ofS. For (2), assume that each argument has at most a finite number of
defeaters. LetS0 ⊆ . . . ⊆ Sn ⊆ . . . be an increasing sequence of sets of arguments,
and letS = S0 ∪ . . . Sn ∪ . . .. Let A ∈ F (S). Since there are only finitely many
arguments which defeatA, there exists a numberm such thatA ∈ Fm(S). Therefore,
F (S) = F (S0) ∪ . . . F (Sn) ∪ . . . 2

Note that if the condition of (2) does not hold, it is possible thatFω ⊂ F (Fω).
In the iterative construction of the set of justified arguments first all arguments that

are not defeated by any argument are added, and at each further application ofF all
arguments that are reinstated by arguments that are already in the set are added. This
is achieved through the notion of acceptability. To see this, suppose we apply F for
the ith time: then for any argumentA, if all arguments that defeatA are themselves
defeated by an argument inF i−1, thenA is in F i.

It is instructive to see how this works in Example 2.1.3. We have that

F 1 = F (∅) = {C}
F 2 = F (F 1) = {A,C}
F 3 = F (F 2) = F 2

The following example, with an infinite chain of defeat relations, provides another
illustration.

Example 2.2.5 Consider an infinite chain of argumentsA1, . . . , An, . . . such thatA1

is defeated byA2,A2 is defeated byA3, and so on.

A1 A2 A3 A4 A5
. . .

The least fixed point of this chain is empty, since no argument is undefeated. Conse-
quently,F (∅) = ∅. Note that this example has two other fixed points, which also
satisfy Definition 2.1.2, viz. the set of allAi wherei is odd, and the set of allAi where
i is even.

Defensible arguments

Definition 2.2.3 allows a distinction between two types of arguments that are not jus-
tified. Consider first again Example 2.1.3 and observe that, althoughB defeatsA, A
is still justified since it is reinstated byC. Consider next the following extension of
Example 2.1.4.

Example 2.2.6 (Zombie arguments.) Consider three argumentsA, B andC such that
A defeatsB,B defeatsA, andB defeatsC.
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A B C

A concrete example is

A = ‘Dixon is no pacifist because he is a republican’
B = ‘Dixon is a pacifist because he is a quaker, and he has no gun

because he is a pacifist’
C = ‘Dixon has a gun because he lives in Chicago’

According to Definition 2.2.3, neither of the three arguments are justified. ForA and
B this is since their relation is the same as in Example 2.1.4, and forC this is since
it is defeated byB. Here a crucial distinction between the two examples becomes
apparent: unlike in Example 2.1.3,B is, although not justified, not defeated by any
justified argument and thereforeB retains the potential to preventC from becoming
justified: there is no justified argument that reinstatesC by defeatingB. Sometimes
arguments likeB are called ‘zombie arguments’:B is not ‘alive’, (i.e., not justified)
but it is not fully dead either; it has an intermediate status, in which it can still influence
the status of other arguments.

We shall call the intermediate status of zombie arguments ‘defensible’. In the
unique-status-assignment approach it can be defined as follows.

Definition 2.2.7 [Overruled and defensible arguments in grounded semantics.] With
respect to grounded semantics, an argument is:

• overrulediff it is not justified, and defeated by a justified argument;

• defensibleiff it is not justified and not overruled.

Self-defeating arguments

How does Definition 2.2.2 deal with self-defeating arguments? Consider the following
extension of Example 2.1.5.

Example 2.2.8 Consider two argumentsA andB such thatA defeatsA andA defeats
B.

A B

We have thatF (∅) = ∅, so neitherA norB are justified. Moreover, they are both de-
fensible, since they are not defeated by any justified argument. At first sight, it might be
thought that this is undesired since it would seem that self-defeating arguments should
always be overruled. However, in Chapter 4 we will see that that things are more subtle
and that a proper analysis of self-defeating arguments can only be given if the internal
structure of arguments is made explicit.
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Unique status assignments: problems

We have seen that the unique-assignment approach can be formalised in amathemati-
cally elegant way, and that it produces intuitive results in many cases. However, there
are also problems, in particular with examples of the following kind.

Example 2.2.9 (Floating arguments.) Consider the argumentsA,B,C andD such that
A defeatsB,B defeatsA,A defeatsC,B defeatsC andC defeatsD.

A

B

C D

Since no argument is undefeated, Definition 2.2.3 tells us that all of them are defensible.
However, it might be argued that forC andD this should be otherwise: sinceC is
defeated by bothA andB,C should be overruled. The reason is that as far as the status
of C is concerned, there is no need to resolve the conflict betweenA andB: the status
of C ‘floats’ on that ofA andB. And if C should be overruled, thenD should be
justified, sinceC is its only defeater.

A variant of this example is the following piece of default reasoning. To analyse
this example, we must make two assumptions on the structure of arguments, viz. that
they have a conclusion and that they have subarguments.

Example 2.2.10 (Floating conclusions.) Consider the argumentsA−, A, B− andB
such thatA− andB− defeat each other andA andB have the same conclusion.

A− B−

BA

An intuitive reading is

A− = Brigt Rykkje is Dutch because he was born in Holland
B− = Brigt Rykkje is Norwegian because he has a Norwegian name
A = Brigt Rykkje likes ice skating because he is Dutch
B = Brigt Rykkje likes ice skating because he is Norwegian

The point is that whichever way the conflict betweenA− andB− is decided, we always
end up with an argument for the conclusion that Brigt Rykkje likes ice skating, so it
seems that it is justified to accept this conclusion as true, even though it is notsupported
by a justified argument. In other words, the status of this conclusion floats onthe status
of the argumentsA− andB−.

While the unique-assignment approach is inherently unable to capture floating ar-
guments and conclusions, there is a way to capture them, viz. by working with multiple
status assignments. To this approach we now turn.
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2.3 The multiple-status-assignments approach

A second way to deal with competing arguments of equal strength is to let them induce
two alternative status assignments, in both of which one is justified at the expense of
the other. In this approach, an argument is ‘genuinely’ justified iff it receives this status
in all status assignments. This approach can be formalised in various ways,of which
so-called stable and preferred semantics are the two best-known.

2.3.1 Stable semantics

The first way to allow for multiple status assignments, called stable semantics, is to
take Definition 2.1.2 as the basis, and simply use the fact that it allows for multiple
assignments. To this end, we turn this definition into one of a ‘stable status assignment’.

Definition 2.3.1 [stable status assignments.] Astable status assignmenton the basis
of an abstract argumentation theory〈Args, defeat〉 is an assignment to each argument
in Argsof either the status ‘in’ or the status ‘out’ (but not both) such that:

1. An argument isin iff all arguments defeating it (if any) are out.

2. An argument isout iff it is defeated by an argument that is in.

Note that the conditions 1 and 2 are just the conditions of Definition 2.1.2.
Definition 2.3.1 is said to definestablestatus assignments for the following reasons.

Firstly, with each stable status assignment a so-calledstable argument extensioncan be
associated, containing all the arguments that are ‘in’ in the status assignment.

Definition 2.3.2 [Stable argument extensions.] A set of arguments is anstable argu-
ment extensioniff for some stable status assignment it is the set of all arguments that
are assigned the status ‘in’.

Now stable argument extensions are what Dung (1995) callsstable extensions. In fact,
Dung gives another but equivalent definition.

Definition 2.3.3 [Stable extensions.] A conflict-free setS is astable extensioniff every
argument that is not inS, is defeated byS.

Proposition 2.3.4 The stable argument extensions induced by Definition 2.3.1 are pre-
cisely the stable extensions defined by Definition 2.3.3.

Proof: ⇒:

Suppose(In,Out) is a stable status assignment. To be proven:

1. In is conflict-free.

Assume for contradiction thatIn contains argumentsA andB such thatA defeats
B. Then by condition (2) of Definition 2.3.1B is in Out . But sinceIn ∩Out =
∅, we have thatB is not inIn. Contradiction.

2. In defeats every argument outsideIn.

Since stable status assignments assign a status to all arguments inArgs and
In ∩ Out = ∅, every argument outsideIn is in Out . Then by condition (2)
of Definition 2.3.1 every such argument is defeated by an argument inIn.
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⇐:

SupposeS is a stable extension. To be proven:(S,Args/S) is a stable status
assignment. Note first that by construction this is a partition ofargs. Then it must be
vreified that the two labelling conditions of Definition 2.3.1 are satisfied.

1. Condition (1) of Definition 2.3.1 is satisfied as follows. For the only if-part,if
A ∈ S then sinceS is conflict-free, noB ∈ S defeatsA, so all defeaters ofA
are inArgs/S. But then sinceS is a stable extension, they are all defeated by an
argument inS. For the if-part, if all defeaters of an argumentA are inArgs/S,
then sinceS defeats all arguments outside it, they are all defeated by an argument
in S.

2. Condition (2) of Definition 2.3.1 is satisfied as follows. For the only-if part,sup-
poseA ∈ Args/S. Then sinceS defeats all arguments outside it,A is defeated
by an argument inS. For the if-part, supposeA is defeated by an argument inS.
Then sinceS is conflict-free,A ∈ Args/S. 2

Below we shall use the termstable extensionboth for stable argument extensions and
for Dung’s stable extensions.

Example 2.1.3 has only one stable extension, viz.{A,C}, while Example 2.1.4 has
two, induced by the following two status assignments:

A B A B

Recall that an argumentation system is supposed to define when it is justified toaccept
an argument. What can we say in case ofA andB in Example 2.1.4? Since both of
them are ‘in’ in one stable status assignment but ‘out’ in the other, we must conclude
that with respect to stable semantics neither of them is justified. This is capturedby the
following definition:

Definition 2.3.5 [Justified arguments in stable semantics.] With respect to stable se-
mantics, an argument isjustifiediff it is ‘in’ in all stable status assignments.

However, this is not all; just as in the unique-status-assignment approach, it is possible
to distinguish between two different categories of arguments that are not justified. Some
of those arguments are in no stable status assignment, but others are at least in some
extensions. The first category can be called theoverruled, and the latter category the
defensiblearguments.

Definition 2.3.6 [Overruled and defensible arguments in stable semantics.] With re-
spect to stable semantics, an argument is:

• overrulediff it is ‘out’ in all stable status assignments;

• defensibleiff it is ‘in’ in some but not in all stable status assignments.
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It is easy to see that the unique-assignment and multiple-assignments approaches
are not equivalent. Consider again Example 2.2.9. ArgumentA andB form an even
defeat loop, thus, according to the multiple-assignments approach, eitherA andB can
be assigned ‘in’ but not both. So the above defeat relation induces stable two status
assignments:

A

B

C D and

A

B

C D

While in the unique-assignment approach all arguments are defensible, wenow have
that, whileA andB are defensible,D is justified andC is overruled.

Multiple status assignments also make it possible to capture floating conclusions.
Informally, this can be done by defining that a formulaϕ is justified as ‘all extensions
contain an argument forϕ’, rather than as ‘there exists an argument forϕ that is in all
extensions’. In Chapter 4, in which the structure of arguments is formally defined, these
alternative consequence notions for formulas will be fully formalised.

2.3.2 Preferred semantics

There is reason to discuss a second variant of the multiple-status-assignments approach.
Since a stable extension is conflict-free, it reflects in some sense a coherent point of
view. It is also a maximal point of view, in the sense that every possible argument is
either accepted or rejected. In fact, stable semantics is the most ‘aggressive’ type of
semantics, since a stable extension defeats every argument not belongingto it, whether
or not that argument is hostile to the extension.

This feature is the reason why not all AT’s have stable extensions, as thefollowing
example shows. It contains an ‘odd loop’ of defeat relations.

Example 2.3.7 (Odd loop.) LetA,B andC be three arguments, represented in a tri-
angle, such thatA defeatsC,B defeatsA, andC defeatsB.

A B

C

In this situation, Definition 2.3.1 has some problems, since this example has no stable
status assignments.

1. Assume thatA is ‘in’. Then, sinceA defeatsC, C is ‘out’. SinceC is ‘out’, B
is ‘in’, but then, sinceB defeatsA,A is ‘out’. Contradiction.
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2. Assume next thatA is ‘out’. Then, sinceA is the only defeater ofC, C is ‘in’.
Then, sinceC defeatsB, B is ‘out’. But then, sinceB is the only defeater ofA,
A is ‘in’. Contradiction.

Note that a self-defeating argument is a special case of Example 2.3.7, viz.the case
whereB andC are identical toA. This means that argumentation theories containing
a self-defeating argument may have no stable status assignment.

To give such examples also a multiple-assignment semantics, we need the notionof a
partial status assignment.

Definition 2.3.8 [Status assignments.]

1. A status assignmenton the basis of an abstract argumentation theory〈Args, defeat〉
is an assignment to zero or more arguments inArgsof either the status ‘in’ or the
status ‘out’ (but not both), satisfying the following conditions:

(a) An argument isin iff all arguments defeating it (if any) are out.

(b) An argument isout iff it is defeated by an argument that is in.

2. A status assignment iscompleteiff it assigns a status to all arguments inArgs;
otherwise it ispartial.

3. A status assignment ispreferrediff it is a maximal status assignment.

Sometimes we shall represent a status assignment to a setArgs as a pair(S1, S2), where
S1 is the set of arguments assigned ‘in’ andS2 the set of arguments assigned ‘out’.

Corollary 2.3.9 A status assignment is stable iff it is complete.

We must still make the notion of a maximal status assignment precise.

Definition 2.3.10 [Maximal status assignments.] A status assignmentS = (In,Out)
is maximaliff there is no status assignmentS′ = (In′, Out′) such thatIn ∪ Out ⊂
In′ ∪Out.

To go back to Example 2.3.7, preferred semantics gives it a unique preferred status
assignment, viz.(∅,∅).

The notions of justified, overruled and defensible arguments defined in Defini-
tions 2.3.5 and 2.3.6 can be easily defined also for preferred semantics, byuniformly
replacing ‘stable’ by ‘preferred’. However, in preferred semanticsthere are reasonable
alternatives for the definitions of defensible and overruled arguments (and conclusions).
This is because in each status assignment the status of an argument can be one of three
kinds: ‘in’, ‘out’ or undefined. Hence there are, unlike in stable semantics, situations
where an argument is ‘in’ in some but not in all assignments but yet not ‘out’ in any
assignment. Likewise, there are situations where an argument is ‘out’ in somebut not
in all assignments but yet not ‘in’ in any assignment. In the remainder of this reader
we will for simplicity interpret the notions of defensible and overruled arguments as
defined in Definitions 2.3.6.

To return to the notion of preferred extensions, Dung (1995) defines itnot in terms
of partial status assignments but with the notion of an admissible set, which in turnis
defined in terms of acceptability.
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Definition 2.3.11 [conflict-free and admissible sets.]

1. A set of arguments isconflict-freeiff no argument in the set defeats an argument
in the set.

2. A set of argumentsS is admissibleiff S is conflict-free and each argument inS
is acceptable with respect toS.

Intuitively, an admissible set represents an admissible, or defendable, point of view.
In Example 2.1.3 the sets∅, {C} and{A,C} are admissible but all other subsets of
{A,B,C} are not admissible.

Definition 2.3.12 [Preferred extensions.] A conflict-free set of arguments is apreferred
extensioniff it is a maximal (with respect to set inclusion) admissible set.

There is a one-to-one correspondence between maximal status assignments and pre-
ferred extensions.

Proposition 2.3.13

1. If (In,Out) is a status assignment, thenIn is an admissible set;

2. LetOut(E) be the set of all arguments defeated byE. If E is a preferred exten-
sion, then(E,Out(E)) is a status assignment;

3. (In,Out) is a maximal status assignment iffIn is a preferred extension.

Proof: We first prove the following lemma (which is Lemma 10 of Dung 1995).

(*) If E is an admissible set andA is acceptable wrtE, then{A} ∪ E is
admissible.

Proof of (*): It suffices to show that{A}∪E is conflict-free. Assume for contradiction
the contrary. Then there is aB ∈ E such that eitherA defeatsB orB defeatsA. Since
E is admissible andA is acceptable wrtE, there is aB′ in E such thatB′ defeatsB or
B′ defeatsA. SinceE is conflict-free, it follows thatB′ defeatsA. But then there is an
argumentB′′ in E such thatB′′ defeatsB′. Contradiction.2
Proof of (1):
Let (In,Out) be any status assignment andA be any member ofIn. Observe first
that In is conflict-free. Next, all arguments defeatingA are inOut, so all arguments
defeatingA are defeated byIn. But thenIn is an admissible set.
Proof of (2):
LetE be any preferred extension. Condition 1b of Definition 2.3.8 is satisfied by def-
inition of Out(E). To verify condition 1a, observe first that all members ofE are
acceptable with respect toE, so all their defeaters are inOut(E). Next, letA be any
argument such that all its defeaters are inOut(E). ThenA is acceptable with respect
toE, and by (*),{A} ∪ E is admissible. But then, sinceE is maximally admissible, it
follows thatA ∈ E.
Proof of (3),⇒:
Consider any maximal status assignment(In,Out). By (1),In is admissible. To prove
that In is maximally admissible, assume for contradiction that there is an admissible
setIn′ ⊃ In. By a result of Dung (1995) we may without loss of generality assume
thatIn′ is maximally admissible. Then(In′, Out′) is a status assignment by (2). But
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sinceIn′ ⊃ In, (In,Out) is not a maximal status assignment. Contradiction.
Proof of (3),⇐:
Assume thatE is a preferred extension. By (2),(E,Out(E)) is a status assignment.
Next, to prove thatE is a maximal status assignment, assume for contradiction other-
wise, viz. that there is a status assignment(In,Out) such thatIn ⊃ E. By (1), In is
an admissible set. But thenE is not maximally admissible. Contradiction.2

It follows from Definition 2.3.12 that:

Proposition 2.3.14 (Dung, 1995) Every abstract argumentation theory has at least one
preferred extension.

Proof: We begin by proving that every admissible set is contained in a maximal admis-
sible set. From this the observation follows since the empty set is admissible.

Consider a sequenceS0 ⊆ . . . ⊆ Si ⊆ . . . of admissible sets. Clearly,S =
S0 ∪ . . .∪ Si ∪ . . . is maximal in this sequence.4 We prove thatS is also admissible by
proving that the union of any two elements ofS is admissible.

Consider anySi, Sj ∈ S. Observe first that ifSi ⊆ Sj , then sinceSj is conflict-
free,Si does not defeatSj . Suppose next thatSj defeatsSi. SinceSi is admissible,
Si then also defeatsSj . Contradiction. SoSi ∪ Sj is conflict-free. Next, sinceSi as
well asSj defeats each argument that defeats one of its members, the same holds for
Si ∪ Sj , so that this set is admissible.2

Grounded status assignments It turns out that grounded semantics can also be for-
mulated in terms of status assignments, namely, as those assignments that are mininal
in the following sense.

Definition 2.3.15 [Minimal status assignments.] A status assignmentS = (In,Out)
is minimal iff there is no status assignmentS′ = (In′, Out′) such thatIn′ ∪ Out′ ⊂
In ∪Out.

Proposition 2.3.16 (Caminada, 2006)S is the grounded extension ofAT if and only
if (S,Out) is a minimal status assignment ofAT .

Self-defeat in preferred semantics Finally, how does preferred semantics deal with
self-defeating arguments? It turns out that, just as in grounded semantics, self-defeating
arguments can prevent other arguments from being justified. This can be illustrated with
Example 2.2.8 (two argumentsA andB such thatA defeatsA andA defeatsB). The
set{B} is not admissible, so the only preferred extension is the empty set. As said
above, a full analysis of self-defeat requires that the internal structure of arguments is
made explicit; this will be further discussed in Chapter 4, Section 4.4.

2.4 Formal relations between grounded, stable and preferred
semantics

We now give some results on the relation between the various semantics proven by
Dung (1995).

4Strictly speaking, this follows from a result in lattice theory.
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Proposition 2.4.1 Every stable extension is preferred, but not vice versa.

Proof: It is clear that each stable extension is a preferred extension. And Example 2.2.8
shows that the reverse does not hold: the empty set is a preferred extension of this
argumentation theory, but it is not stable.2

The following results are listed without proofs.

1. The grounded extension is contained in the intersection of all preferred exten-
sions (Example 2.2.9 is a counterexample against ‘equal to’).

2. If an abstract argumentation theory does not give rise to infinite pathsA1, . . . , An, . . .
through the defeat graph such that eachAi+1 defeatsAi then it has exactly one
stable extension, which is also grounded and preferred. (Note that the even loop
of Example 2.1.4 and the odd loop of Example 2.3.7 give rise to such an infinite
defeat path.)

3. Finally, Dung (1995) identifies conditions under which preferred andstable se-
mantics coincide. A necessary condition is that an abstract argumentation theory
does not contain odd defeat loops.

2.5 Comparing the two approaches

How do the unique- and multiple-assignment approaches compare to each other? It
is sometimes said that their difference reflects a difference between a ‘skeptical’ and
‘credulous’ attitude towards drawing defeasible conclusions: when faced with an un-
resolvable conflict between two arguments, a skeptic would refrain from drawing any
conclusion, while a credulous reasoner would choose one conclusion at random (or
both alternatively) and further explore its consequences. The skeptical approach is of-
ten defended by saying that since in an unresolvable conflict no argument is stronger
than the other, neither of them can be accepted as justified, while the credulous ap-
proach has sometimes been defended by saying that the practical circumstances often
require a person to act, whether or not s/he has conclusive reasons todecide which act
to perform.

In our opinion the notions of skeptical and credulous reasoning do not exclude
but completement each other: whether it is be better to reason skeptically or credu-
lously may depend on the application context. For example, for a judge in a law court
the reasoning about whether the suspect is guilty must clearly be skeptical,while for
an intelligent software agent faced with two conflicting goals it makes sense toreason
credulously, to achieve at least one of the goals. Moreover, it seems wrong to equate the
distinction skeptical-credulous with the distinction between the unique- and multiple-
status-assignment approach. When deciding what to accept as a justifiedbelief, what
is important is not whether one or more possible status assignments are considered, but
how the arguments are ultimately evaluated given these assignments. And this evalu-
ation is captured by the qualifications ‘justified’ and ‘defensible’, which thus capture
the distinction between ‘skeptical’ and ‘credulous’ reasoning. And since, as we have
seen, the distinction justified vs. defensible arguments can be made in both the unique-
assignment and the multiple-assignments approach, these approaches areindependent
of the distinction ‘skeptical’ vs. ‘credulous’ reasoning.
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As for their outcomes, the approaches mainly differ in their treatment of floating
arguments and conclusions. With respect to these examples, the question easily arises
whether one approach is the right one. However, we prefer a different attitude: instead
of speaking about the ‘right’ or ‘wrong’ definition, we prefer to speakof ‘senses’ in
which an argument or conclusion can be justified. For instance, the sensein which the
conclusion that Brigt Rykkje likes ice skating in Example 2.2.10 is justified is different
from the sense in which, for instance, the conclusion that Tweety flies in Example 2.1.3
is justified: only in the second case is the conclusion supported by a justified argument.
And the status ofD in Example 2.2.9 is not quite the same as the status of, for instance,
A in Example 2.1.3. Although both arguments need the help of other arguments to
be justified, the argument helpingA is itself justified, while the arguments helpingD
are merely defensible. Again it may depend on the application context which sense of
justification is the best.

To conclude this chapter, Dung’s fully abstract approach was a major innovation in
the study of defeasible argumentation, in that it provided an elegant general framework
for investigating the various argumentation systems. Moreover, the framework also ap-
plies to other nonmonotonic logics, since Dung showed how several of these logics can
be translated into argumentation systems. Thus it becomes very easy to formulate al-
ternative semantics for nonmonotonic logics. For instance, default logic (Reiter, 1980),
which was by Dung shown to have a stable semantics, can very easily be given an al-
ternative semantics, like preferred or grounded semantics. Moreover,the proof theories
that have been or will be developed for the various argument-based semantics immedi-
ately apply to the systems that are an instance of these semantics. On the other hand,
the fully abstract nature of Dung’s framework also leaves much to the developers of
particular systems. In particular, they have to define the internal structureof an argu-
ment, the ways in which arguments can conflict, and the origin of the defeat relation. In
the next chapter a more concrete framework will be discussed in which these elements
have been defined.

2.6 Exercises

EXERCISE 2.6.1 Determine, if possible, with Definition 2.1.2 which arguments are
justified in the following two examples.

(a)

A B C

(b)

A B C

EXERCISE 2.6.2 Prove that if no argument of AAT is undefeated, thenFAAT (∅) =
∅.

EXERCISE 2.6.3 Determine the grounded extension of the following defeat graphs.
Show in each case its construction as in Proposition 2.2.4.
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(a)

C

B

DA

(b)

A B

C
D

E

(c)

A B

C

D

(d)

A

B C

D E

EXERCISE 2.6.4 Let

• G(S) = {A ∈ Args | A is not defeated by a member ofS}

1. Show that, for every set of argumentsX, F (X) = G2(X) [= G(G(X))].

2. Show thatG is anti-monotonic.G is anti-monotonic ifA ⊆ B impliesG(B) ⊆
G(A).

3. Show on the basis of (2) thatF is monotonic.

4. Let{Gi}i≥0 be sets of arguments, such that

G0 =Def ∅,

Gi =Def G(Gi−1).

Show thatG0 ⊆ G2 ⊆ G4 ⊆ . . . ⊆ G5 ⊆ G3 ⊆ G1.

EXERCISE 2.6.5 Determine for each of the defeat graphs in Exercise 2.6.3 which
arguments are justified, which are defensible and which are overruled, all according to
grounded semantics.

EXERCISE 2.6.6 Prove thatS is a stable extension iffS = {A | A is not defeated by
S}.

EXERCISE 2.6.7 Determine all status assignments in Examples 2.1.3, 2.1.4 and 2.3.7.
Which of these assignments are maximal?

EXERCISE 2.6.8 Consider two status assignmentsS = (In,Out) andS′ = (In′, Out′)
to the same argumentation theory such thatIn ⊂ In′.

1. Does it hold thatOut ⊆ Out′? If so, give the proof; if not, give a counterexam-
ple.

2. Does it hold thatOut ⊂ Out′? Again, if so, give the proof; if not, give a coun-
terexample.

EXERCISE 2.6.9 Determine all status assignments in Examples 2.1.3, 2.1.4 and 2.3.7.
Which of these assignments are maximal?
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EXERCISE 2.6.10 Give one or more alternative definitions of the notions of defensi-
ble and overruled arguments in preferred semantics. Verify for each definition whether
it implies that each argument is either justified, or defensible, or overruled.If not, do
you regard this as a flaw of your definition?

EXERCISE 2.6.11 Determine the admissible sets in Example 2.3.7. Which of these
is or are maximally admissible?

EXERCISE 2.6.12

1. Determine the preferred and stable extension(s) of the following defeat graphs.

(a)

C

B

DA

(b)

A B

C
D

E

(c)

A B

C

D

(d)

A

B C

D E

(e)

C

B

DA

2. Determine for each of the above defeat graphs, and with respect to each seman-
tics, which arguments are justified, which are defensible and which are overruled.

EXERCISE 2.6.13 Consider four argumentsA,B,C andD such thatB strictly de-
featsA, D strictly defeatsC, A andD defeat each other andB andC defeat each
other.

A

B C

D
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Here is a natural-language version, in which the defeat relations are based on which
argument uses the more specific of two conflicting defaults.

A = Larry is rich because he is a public defender, public defenders are
lawyers, and lawyers are rich;

B = Larry is not rich because he is a public defender, and public
defenders are not rich;

C = Larry is rich because he lives in Hollywood, and people who live
in Hollywood are rich;

D = Larry is not rich because he rents in Hollywood, and people who
rent in Hollywood are not rich.

1. Determine the grounded extension and the preferred extension(s) ofthis argu-
mentation theory.

2. Determine in both cases which conclusions about Larry’s richness are justified.
Does the result agree with your intuitions?





Chapter 3

Games for abstract argumentation

So far mainly semantical aspects have been discussed, where the main focus was on
characterising properties ofsetsof arguments, without specifying procedures for deter-
mining whether a given argument is a member of the set. In this chapter we shallgo
deeper into proof-theoretical, or procedural aspects of argumentation, where the chief
concern is to investigate the status ofindividual arguments. This aspect of argumenta-
tion logics is less well-developed than its semantics; much research is ongoing or still
to be carried out.

3.1 General ideas

The main question of this chapter is: given an argument from an abstract argumentation
theory, how can its status be investigated? Several argumentation systems have tackled
this problem in dialectical style. The common idea can be explained in terms of an
argument game between two players, a proponent and an opponent of an argument.
A dispute is an alternating series of moves by the two players. The proponent starts
with an argument to be tested, and each following move consists of an argument that
defeats (or in some cases strictly defeats) a move of the other party. The initial argument
provably has a certain dialectical status if the proponent has a winning strategy, i.e., if
he can win whatever moves the opponent makes.

The exact rules of the game depend on the semantics the game is meant to capture.
A common winning criterion is that a player has won if s/he has made the other player
run out of moves. However, other criteria are also possible. Other aspects on which
choices have to be made are:

- Must moves strictly defeat their target or can they be weakly defeating?
- May moves be repeated?
- May players backtrack?
- May players defeat or be defeated by their own earlier moves?

These choices have to be made independently for both sides.
A natural idea in dialectical proof theories is that of dialectical asymmetry. The

players of an argument game have different objectives: proponent wants to build a (di-
alectical) proof, while opponent wants to prevent proponent from doing so. In other
words, while proponent is constructive, opponent is destructive, and this leads to dif-
ferent rules for the two players. Moreover, the burden induced by these rules will be
heavier for one player than for the other. Which player has the heavier burden depends

37
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on whether the reasoning is credulous or skeptical: in skeptical reasoning the heavier
burden is on proponent, while in credulous reasoning it is on opponent.

Let us now make these informal observations more precise. A dialectical proof
theory takes the form of an argument game regulating adisputebetween twoplayers,
the proponentP and opponentO of an argument. Ifp is a player, thenp denotes the
other player. The playersmovealternatingly, moving one argument at each turn. The
game has aprotocol function for determininglegality of moves, by defining at each
point in a dispute which arguments can be moved. Finally, awinning criterion is a
partial function that determines the winner of a dispute, if any. If one player wins, the
other player loses, so the argument game is a so-called zero-sum game.

These notions are formally defined as follows (relative to a given argumentation
theory; in the rest of this chapter we shall, unless stated otherwise, implicitly assume
an arbitrary but fixed argumentation theory).

Definition 3.1.1 [Moves, disputes and protocols.] Given an argumentation theoryAT =
〈Args, defeat〉 we define the following notions.

• The setM of movesconsists of all pairs(p,A) such thatp ∈ {P,O} andA ∈
Args; for any move(p,A) in M we denotep by pl(m) andA by s(m).

• The set ofM≤∞ of disputesis the set of all sequences fromM and the set
M<∞of finite disputesis the set of all finite sequences fromM .

• A protocol is a function that specifies thelegal movesat each stage of a dispute.
Formally, protocol is a functionPr with domain a nonempty subsetD of M<∞

taking subsets ofM as values. That is:

– Pr : D −→ Pow(M)

such thatD ⊆M<∞. The elements ofD are called thelegal finite disputes. The
elements ofPr(d) are called the moves allowed afterd. If d is a legal dispute
andPr(d) = ∅, thend is said to be aterminateddispute.Pr must satisfy the
following conditions for all finite disputesd and movesm:

1. d ∈ D andm ∈ Pr(d) iff d,m ∈ D;

2. if m ∈ Pr(d) thenpl(m) = P if d is of even length, otherwisepl(m) = O.

• A winning functionis a partial function of typeW : D −→ {P,O}.

The crucial elements of this definition are the protocol and the winning criterion. Di-
alectical proof theories differ only on these two elements.

We now define an abstract game-theoretic notion of defeasible provability,which
is the same for all dialectical proof theories. It is defined in terms of the notionof a
strategy. A strategy for a player in a dispute game has the form of a tree of disputes that
for each possible move of the other player specifies a unique reply.

Definition 3.1.2 [Strategies.]

1. A strategyfor playerp is a tree of disputes only branching afterp’s moves, and
containing all legal replies ofp.

2. A strategy forp is winning iff p wins all disputes in the strategy.
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If the winning criterion is that the other player has no legal moves, then it is easy to see
that a winning strategy for a player is a strategy in which all branches end with a move
by that player.

Defeasible provability is now defined as follows, parametrised by a protocol X.

Definition 3.1.3 [Provability.] An argumentA is defeasibly provable in theX-game
iff the proponent has a winning strategy in a dispute with as root the argument A that
satisfies protocolX.

3.2 Dialectics for grounded semantics

In this section we discuss a proof theory for determining whether an argument is in
the grounded extension of a given argumentation theory. Since a grounded extension
only contains justified arguments, the dialectical asymmetry favours the opponent: her
moves are allowed to be simply defeating1, while proponent’s moves must be strictly
defeating. Moreover, the proponent is not allowed to repeat his arguments. Finally,
backtracking is not allowed for both players.

Definition 3.2.1 [Proof theory for grounded semantics.] A dispute satisfies theG-game
protocol iff it satisfies the following conditions.

1. Moves are legal iff in addition to Definition 3.1.1 they satisfy the following con-
ditions.

(a) Proponent does not repeat his moves; and

(b) Proponent’s moves (except the first) strictly defeat opponent’s last move;
and

(c) Opponent’s moves defeat proponent’s last move.

2. A player wins a dispute iff the other player has no legal moves.

A dispute satisfying the protocol of theG-game is called aG-dispute.

Example 3.2.2 Let A,B,C andD be arguments such thatB andD defeatA, andC
defeatsB. Then aG-dispute onA may run as follows:

P : A,O: B, P : C

In this disputeP attempts to showA justified. BothB andD defeatA, which means
thatO has two choices in response toA. O chooses to respond withB in the second
move. ThenC is the only argument defeatingB, so thatP has no choice than to
respond withC in the third move. There are no arguments againstC, so thatO cannot
move and loses the dispute.

However, this outcome is not inevitable forO; her loss was merely caused by her
weak play. A dispute in whichO follows an optimal strategy is

P : A,O: D

1When below we say that movem defeats movem′ we mean thats(m) defeatss(m′).



40 Dialectical forms

AndP has no reply, soO wins. Concluding, in this exampleP has no winning strategy.
The only reason whyP wins the first dispute is thatO chooses the wrong argument,
viz. B, in response toA. In fact,O is in the position to win every game, provided it
chooses the right moves. In other words,O possesses a winning strategy.

Example 3.2.3 To give an another example, consider two strategies forP as depicted
in Figure 3.1. The tree on the left is based on an argumentation theoryAT1 with
Args = {A,B,C,D,E, F,G} and defeatas shown by the arrows. HereP has a
winning strategy, since in all disputesO eventually runs out of moves; so argumentA
is provable on the basis ofAT1. The tree on the right is based on an extension ofAT1

intoAT2 by addingH, I andJ toArgs and adding new defeat relations corresponding
to the new arrows (the extension is shown inside the dotted box). This is not awinning
strategy forP , since one dispute ends with a move byO; so (assumingP has no better
strategy)A is not provable on the basis ofAT2.

P1: A

O1: B O1’: C

P2’: E

O2: F O2’: C

P2: D

P3: G P3’: E

A is provable

P1: A

O1: B O1’: C

P2: D

O2: F

P3: G

O2’: C

P3’: E

P2’: E

O1’’: H

P2’’: I

P3’’: E

O2’’: C O2’’’: J

A is not provable

Figure 3.1: Two trees of proof-theoretical disputes.

Some words are in order on the non-repetition requirement of Definition 3.2.1(con-
dition 1a). This requirement does not change provability of any argument,sinceO will
have a reply the second time iff she had a reply the first time. However, it avoids infinite
disputes ifArgs is finite, which is especially convenient for computational purposes.
The same holds for the condition thatP ’s arguments are strictly defeating; allowing
them to be simply defeating does not change provability, but it avoids certaininfinite
disputes.

As for the relation between grounded semantics and its proof theory, the following
proposition holds.

Proposition 3.2.4 [Soundness and completeness of theG-game.] An argument is in
the grounded extension of anAT iff it is defeasibly provable on the basis ofAT in the
G-game.

Proof: (Sketch). We give a sketch of the proof for finitaryAT ’s. Without this restric-
tion the proof is more complicated. The restriction makes sense for computational
purposes, since saying that anAT is finitary is equivalent to saying that each strategy
based onAT has at most a finite number of branches.
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⇐ (soundness):
Assume thatP has a winning strategyW for A. Clearly, all ofW ’s leavesAn are in
F 1, since they have no defeaters. But then in every branch ofW , An−2 is acceptable
with respect toF 1 and so is inF 2. This can be repeated until the root ofW is reached.
2

⇒ (completeness):
SupposeA is in the grounded extension ofAT . Then, sinceAT is finitary, there is
a least numberi such thatA ∈ F i. ThenP has the following winning strategy if
he begins a dispute withA. For each argumentB defeatingA moved byO, P can
choose one argumentC from F i−1 that strictly defeatsB. This can be repeated for
each argument defeatingC, and so on, untilP can choose an argument fromF 1, which
has no defeaters, soO has no legal reply.2

Note that completeness here does not imply semi-decidability (a logic is semi-decidable
iff there exists an algorithm that can produce any provable formula): if thelogic for con-
structing individual arguments is not decidable, then the search for counterarguments is
in general not even semi-decidable, since this search is essentially a consistency check.

This completes the discussion of the dialectical proof theory for groundedseman-
tics. We now turn to a dialectical proof theory for credulous reasoning, inparticular for
preferred semantics.

3.3 Dialectics for preferred semantics

In this section we present the so-calledP - game2, which serves as a credulous proof
theory for preferred semantics, and was developed by Vreeswijk and Prakken (2000).
For notational convenience we now denote defeat relations with←. Throughout this
section we will use the following example.

Example 3.3.1 The pairA = 〈X,←〉 with arguments

X = {a, b, c, d, e, f, g, h, i, j, k, l,m, n, p, q}

and← as indicated in Figure 3.2 is an (abstract) example of an argumentation theory.
It accommodates a number of interesting cases, and will therefore be usedas a running
example throughout this chapter.

3.3.1 The basic ideas illustrated

Example 3.3.1 gives us some useful clues as to which features the argumentgame
for preferred semantics should have. We are interested in credulous reasoning, so in
testing membership ofsomeextension. The argument game is based on the following
idea. By definition, a preferred extension is a⊆-maximal admissible set. It is known
that each admissible set is contained in a maximal admissible set (see the proof of
Proposition 2.3.14), so the procedure comes down to trying to construct anadmissible
set ‘around’ the argument in question. If this succeeds, we know that the admissible set
and hence the argument in question is contained in a preferred extension.

2TheP in ‘P -game should not be confused with theP denoting proponent.
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a

b

c

d

e

h

g

pi

j
k

l

m

n
f q

Figure 3.2: Defeat relations in the running example.

Suppose now we wish to investigate whethera is preferred, i.e., belongs to a pre-
ferred extension. We know that it suffices to show that the argument in question is
admissible. The idea is to start withS = {a} and, if a has defeaters, to find other
arguments in order to completeS into an admissible set.

Example 3.3.2 (Straight failure). Consider the argument system of Figure 3.2, and
suppose thatP ’s task is to show thata is preferred.

The first action ofP is simply
putting forwarda: a

If a cannot be defeated, thenS = {a} is admissible, andP succeeds. However, since
a← h,

O forwardsh:

a

h

Now it is up toP to defenda by finding arguments againsth. There are no such argu-
ments, so thatP fails to construct an admissible set ‘around’a. Soa is not admissible,
hence not preferred.

Example 3.3.3 (Straight success). Suppose thatP wants to show thatb is admissible.

The first action ofP is
putting forwardb: b

O defeatsb with d:

b

d

P defends this attack withg:

b

d

g
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SinceO ’s attack onb with d
has failed,O returns tob and
defeats it again, this time
with e: b

d

g

eP defendsb again, this time
with h. SinceO is unable to
find other arguments against
b, g or h, P may now closeS:

b

d

g

e

h

Example 3.3.4 (Even loop success). Suppose thatP wants to show thatf is admissi-
ble.

The first action ofP is
putting forwardf : f

O defeatsf with n:

f

n

P defends this attack withi:

f

n

i

O defeatsi with j:

f

n

i

j

P defendsi with i itself (so
thati is self-defending).O is
unable to put forward other
arguments that defeatf or i
so thatP closesS:

f

n

i

j

This example shows thatP must be allowed to repeat his arguments, whileO must be
forbidden to repeatO ’s arguments (at least in the same ‘line of dispute’; see further
below).

Example 3.3.5 (Odd loop failure). Suppose thatP wants to show thatm is admissible.

The first action ofP is
putting forwardm: m

O defeatsm with l:

m

l
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P defends this attack withp:

m

l

p

O defeatsp with h:

m

l

p

h

P backtracks and removesp
from S. He then tries to
defendl with k instead:

m

l

k

O defeatsk with m (and, as a
bonus, introduces an
inconsistency inS):

m

l

k

m

P has no other arguments in response tol andm, so that he is unable to closeS into an
admissible set. Som is not contained in an admissible set. Note that we cannot allow
P to reply tom with l, since otherwise the set thatP is constructing ‘around’m is not
conflict-free, hence not admissible. So we must forbidP to repeatO ’s moves. On the
other hand, this example also shows thatO should be allowed to repeatP ’s moves,
since such a repetition reveals a conflict inP ’s position.

Example 3.3.6 (The need for backtracking). The next feature of our argument gameis
not illustrated by Figure 3.2 so we need a new example. Consider an argument system
with five argumentsa, b, c, d ande and defeat relations as shown in the graph.

a

bc

d

e

This example shows that we must allowO to backtrack. SupposeP starts witha, O
defeatsa with d, andP defendsa with e. If O now defeatse with b, P can defende
by repeatinge itself. However,O can backtrack toa, this time defeating it withc, after
whichP can only defendawith bwhich repeatsO, and in Example 3.3.5 we concluded
thatP must be forbidden to do so. So by backtrackingO can reveal thatP ’s position
is not conflict-free.

Repetition

Let us summarise our observations about repetition of moves.

i. It makes sense forP to repeat himself (if possible), becauseO might fail to find
or produce a new defeater ofP ’s repeated argument. If so, thenP ’s repetition
closes a cycle of even length, of whichP ’s arguments are admissible.
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ii. It makes sense forO to repeatP (if possible), because thus she shows thatP ’s
collection of arguments is not conflict-free.

iii. P must not repeatO, because doing so would introduce a conflict intoP ’s own
collection of arguments.

iv. O must not repeat herself, becauseP has already shown to have adequate defense
for O’s previous arguments.

3.3.2 TheP -game defined

We now turn to the formal definition of the argument game for preferred semantics. Let
us fix some terminology.

- A dispute lineis a dispute without backtracking moves.
- An eo ipso(meaning: “you said it yourself”) is a move that uses a previous argument

of the other player.

Definition 3.3.7 [A proof theory for preferred semantics.] A dispute satisfies theP -
gameprotocol iff satisfies the following conditions.

1. Moves are legal iff in addition to Definition 3.1.1 they satisfy the following con-
ditions.

(a) A move byP responds to the previous move byO.

(b) A move byO responds to some earlier move byP .

(c) A move defeats the argument to which it responds.

(d) P does not repeatO’s moves.

(e) O does not repeatO’s moves in the same dispute line.

(f) No two responses to the same move have the same content.

2. O wins a dispute iff she does aneo ipsoor makesP run out of legal moves;
otherwiseP wins.

A dispute satisfying the rules of theP -game is called aP -dispute.

Note that an infinite dispute is won byP .
Since theP -game allowsO to backtrack, during aP -dispute a tree of dispute lines

is constructed. (By contrast, aG-dispute consists of only one dispute line, since in a
G-dispute each argument replies to the immediately preceding move in the dispute.)
Accordingly, there are two ways to display aP -dispute: as alinear structure, in the or-
der in which the arguments are moved, and as atreestructure, where the edges indicate
to which argument an argument replies. The reader should not confusethe tree form of
a single dispute with the tree form of a strategy: in the latter tree (cf. Definition 3.1.2)
an edge between two arguments indicates that the child argument is moved immediately
after the parent argument; in other words, each branch of a strategy tree is a complete
dispute, possibly with backtracking moves, but displayed in linear form.

Proposition 3.3.8 [Soundness and completeness of theP -game.] An argument is in
some preferred extension of anAT iff it is defeasibly provable on the basis ofAT in
theP -game
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Proof: (Below we say that an argumenta is defendedin a dispute iff the dispute begins
with a and is won byP .) By definition of preferred extensions it suffices to show that
an argument is admissible iff it can be defended in every dispute.

First suppose thata can be defended in every dispute. This includes disputes in
whichO has opposed optimally. Let us consider such a dispute. LetA be the arguments
thatP used to defenda. (in particulara ∈ A.) If A is not conflict-free thenai ← aj

for someai, aj ∈ A, andO would have done aneo ipso, which is not the case. IfA is
not admissible, thenai ← b for someai ∈ A while b←/ A. In that case,O would have
usedb as a winning argument, which is also not the case. HenceA is admissible.

Conversely, suppose thata ∈ A with A admissible. NowP can win every dispute
by starting witha, and replying with arguments fromA only. (P can do this, because
all arguments inA are acceptable wrtA.) As long asP picks his arguments fromA,O
cannot win byeo ipso, becauseA is conflict-free. Soa can be defended in dispute.2

Finally, a drawback of theP -game is that in some cases proofs have to be infinite.
This is obvious when an argument has an infinite number of defeaters, buteven other-
wise some proofs are infinite, as in the case of Example 2.2.5. Nevertheless,it is easy
to verify that with a finite set of arguments all proofs are finite.

3.4 Exercises

EXERCISE 3.4.1 Consider an argumentation theory with the arguments{A−G} and
the following defeat relations:A andB defeat each other,E andG defeat each other,
C defeatsB,D defeatsA, E defeatsD, andF defeatsD.

1. Draw the defeat graph.

2. Determine all strategies forP andO in a game forA according to grounded
semantics. Indicate which of these strategies are winning.

EXERCISE 3.4.2

1. Change Definition 3.2.1 to the effect that the non-repetition rule is dropped, and
P ’s arguments are allowed to be simply defeating. Give a dispute that is finite
under the original definition but infinite under the new definition.

2. Answer the same question for the case that only the non-repetition rule is dropped.

3. Give a dispute that is infinite under the original definition.

EXERCISE 3.4.3

1. Investigate for the following arguments in Exercise 2.6.3 whether they canbe
proven justified with respect to grounded semantics. For each provable argument,
give a winning strategy forP . For each argument that is not provable, show why
P ’s strategies fail.

(a) In (a): investigateA,B andD.

(b) In (b): investigateC andE.

(c) In (c): investigateA,B andC.
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(d) In (d): investigateC.

2. Answer the same question about defeat graph (e) of Exercise 2.6.12,for the ar-
gumentsC andD.

3. For each argument under 1 that is provable, compare the structure ofP ’s win-
ning strategy with the construction of the grounded extension that you found in
Exercise 2.6.3. How are they related?

EXERCISE 3.4.4 Verify that a proof in theP -game ofA1 in Example 2.2.5 has to be
infinite.

EXERCISE 3.4.5 Show with an example that theP -game is incorrect as a proof the-
ory for stable semantics.

EXERCISE 3.4.6

1. Investigate for the following arguments in Exercise 2.6.12 whether they can be
proven to be in some preferred extension. For each provable argument,give a
winning strategy forP . For each argument that is not provable, show whyP ’s
strategies fail.

(a) All arguments in (b);

(b) All arguments in (c);

(c) Argumentc in (d).

2. Answer the same question for argumentc in Figure 3.2.





Chapter 4

A framework for argumentation
with structured arguments

As explained above, Dung’s (1995) abstract framework was an important advance in the
formal study of argumentation. However, its fully abstract nature makes it less suitable
for directly representing specific argumentation problems. It is best usedas a tool for
analysing particular argumentation formalisms and for developing a metatheoryof such
systems. When actual applications of argumentation-based inference have to be mod-
elled, Dung’s framework should be refined with accounts of the structureof arguments
and the nature of the defeat relation. However, here too abstraction is stillpossible
and worthwhile. This chapter instantiates Dung’s abstract approach by assuming an
unspecified logical language and by defining arguments as inference trees formed by
applying two kinds of inference rules, deductive (or ‘strict’) and defeasible rules’. As
explained in Section 1.3, the notion of an argument as an inference tree naturally leads
to three ways of attacking an argument: attacking a premise, attacking a conclusion and
attacking an inference. To resolve such conflicts, preferences may beused, which leads
to three corresponding kinds of defeat: undermining, rebutting and undercutting defeat.
To characterise them, some minimal assumptions on the logical object language must
be made, namely that certain well-formed formulas are a contrary or contradictory of
certain other well-formed formulas. Apart from this the framework is still abstract: it
applies to any set of inference rules, as long as it is divided into strict anddefeasible
ones, and to any logical language with a contrary relation defined over it.

The account offered in this chapter further develops work undertaken in the Euro-
pean ASPIC project (Amgoudet al., 2006; Caminada and Amgoud, 2007) and is more
fully reported in (Prakken, 2010). It is based on work of John Pollock(1987; 1994) and
Gerard Vreeswijk (1993; 1997) on the structure of arguments, work ofPollock (1974;
1987) on notions of defeat and work of Prakken and Sartor (1997) and others on argu-
mentation with prioritised rules. The proofs of the formal results stated in this chapter
can be found in (Prakken, 2010).

4.1 Argumentation systems with structured arguments

In this section the arguments of Dung’s argumentation frameworks will be given struc-
ture and its defeat relation will be defined in terms of the structure of arguments plus ex-
ternal preference information. The resulting framework unifies two waysto capture the
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defeasibility of reasoning. Some, e.g. Bondarenkoet al.(1997), locate the defeasibility
of arguments in the uncertainty of their premises, so that arguments can only be at-
tacked on their premises. Others, e.g. Pollock (1994); Vreeswijk (1997), instead locate
the defeasibility of arguments in the riskiness of their inference rules: in these logics
inference rules are of two kinds, being either deductive or defeasible,and arguments
can only be attacked on their applications of defeasible inference rules. Vreeswijk
(1993, Ch. 8) called these two approachesplausibleanddefeasiblereasoning: he de-
scribed plausible reasoning as sound (i.e, deductive) reasoning on anuncertain basis,
and defeasible reasoning as unsound (but still rational) reasoning on asolid basis. In his
chapter 8, Vreeswijk attempted to combine both forms of reasoning in a single formal-
ism, but since then most formal accounts of argumentation have modelled eitheronly
plausible or only defeasible reasoning. The present framework again combines the two
forms of reasoning but this time within the abstract setting of Dung (1995).

4.1.1 Basic definitions

The basic notion of the present framework is that of an argumentation system, which
extends the familiar notion of a proof system with a distinction between strict andde-
feasible inference rules and a preference ordering on the defeasibleinference rules.

Definition 4.1.1 [Argumentation system] Anargumentation systemis a tupleAS =
(L,−,R,≤) where

• L is a logical language,

• − is a contrariness function fromL to 2L,

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

• ≤ is a partial preorder onRd.

(2L denotes the powerset ofL, that is, the set of all its subsets.) Amgoudet al. (2006)
and Caminada and Amgoud (2007) assume that arguments are expressed ina logical
language that is left unspecified except that it is closed under classicalnegation. In
this chapter this assumption will be generalised in two ways. Firstly, non-symmetric
conflict relations between formulas will be allowed, such as the contrariness relation
of Bondarenkoet al. (1997) (which can, for instance, be used to express negation as
failure as in logic programming or a consistency check as in default logic). Secondly,
in addition to classical negation, other symmetric conflict relations will be allowed, so
that, for instance, formulas like ‘bachelor’ and ‘married’ can, if desired, be declared
contradictory without having to reason with an axiom¬(bachelor∧married).

Definition 4.1.2 [Logical language] LetL, a set, be a logical language and− a con-
trariness function fromL to 2L. If ϕ ∈ ψ then ifψ 6∈ ϕ thenϕ is called acontraryof
ψ, otherwiseϕ andψ are calledcontradictory. The latter case is denoted byϕ = −ψ
(i.e.,ϕ ∈ ψ andψ ∈ ϕ).

Unless specified otherwise, in examples below the contrariness function willfor sim-
plicity be assumed to conform to classical negation. That is, ifϕ does not start with a
negation then¬ϕ ∈ ϕ while if ϕ is of the form¬ψ thenψ ∈ ϕ.

Now that the notion of negation has been generalised, the same must be donewith
the notion of consistency.
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Definition 4.1.3 [consistent set] LetP ⊆ L. P is consistentiff ∄ ψ, ϕ ∈ P such that
ψ ∈ ϕ, otherwise it isinconsistent.

Note that this is a weak form of consistency, determined by whether a set contains
contrary or contradictory formulas. Caminada and Amgoud (2007) call thisdirect con-
sistencyand they call consistency of the closure of a set under strict inferenceindirect
consistency.

Arguments are built by applying inference rules to one or more elements ofL.
Inference rules are eitherstrict or defeasible.

Definition 4.1.4 [Strict and defeasible rules] Letϕ1, . . ., ϕn, ϕ be elements ofL.

• A strict rule is of the formϕ1, . . . ,ϕn→ϕ, informally meaning that ifϕ1, . . . , ϕn

hold, thenwithout exceptionit holds thatϕ.

• A defeasible ruleis of the formϕ1, . . . , ϕn ⇒ ϕ, informally meaning that if
ϕ1, . . . , ϕn hold, then itpresumablyholds thatϕ.

ϕ1, . . . , ϕn are called theantecedentsof the rule andϕ its consequent.

As is usual in logic, inference rules will often be specified by schemes in which a rule’s
antecedents and consequent are metavariables ranging overL.

If an argumentation system is to include standard propositional and/or first-order
logic, then the strict rules could be assumed to contain all valid propositional or first-
order inferences. Two examples of such inference rules are (in scheme form):

ϕ,ψ → ϕ ∧ ψ (for any propositional formulasϕ andψ)
∀xPx→ Pa (for any predicateP and constanta).

Possible defeasible inference rules will be discussed in more detail in Section 4.2. As
explained there, the main choice to be made is whether these rules are domain-specific
(as in e.g. default logic) or whether they express general patterns of reasoning.

Arguments are constructed from a knowledge base, which is assumed to contain
three kinds of formulas.

Definition 4.1.5 [Knowledge bases] Aknowledge basein an argumentation system
(L,−,R,≤) is a pair(K,≤′) whereK ⊆ L and≤′ is a partial preorder onK \ Kn.
HereK = Kn ∪ Kp ∪ Ka where these subsets ofK are disjoint and

• Kn is a set of (necessary)axioms. Intuitively, arguments cannot be attacked on
their axiom premises.

• Kp is a set ofordinary premises. Intuitively, arguments can be attacked on their
ordinary premises, and whether this results in defeat must be determined bycom-
paring the attacker and the attacked premise (in a way specified below).

• Ka is a set ofassumptions. Intuitively, arguments can be attacked on their as-
sumptions, where these attacks always succeed.
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4.1.2 Arguments

Next the arguments that can be constructed from a knowledge base in an argumentation
system are defined. Arguments can be constructed step-by-step by chaining inference
rules into trees. Arguments thus contain subarguments, which are the structures that
support intermediate conclusions (plus the argument itself and its premises aslimiting
cases). In what follows, for a given argument, the functionPrem returns all the formulas
of K (calledpremises) used to build the argument,Conc returns its conclusion,Sub
returns all its sub-arguments,DefRules returns all the defeasible rules of the argument
and, finally,TopRule returns the last inference rule used in the argument.

Definition 4.1.6 [Argument] AnargumentA on the basis of a knowledge base(K,≤′)
in an argumentation system(L,−,R,≤) is:

1. ϕ if ϕ ∈ K with:
Prem(A) = {ϕ},
Conc(A) = ϕ,
Sub(A) = ϕ,
DefRules(A) = ∅,
TopRule(A) = undefined.

2. A1, . . . An → ψ if A1, . . . , An are arguments such that there exists a strict rule
Conc(A1), . . . , Conc(An)→ ψ inRs.
Prem(A) = Prem(A1) ∪ . . . ∪ Prem(An),
Conc(A) = ψ,
Sub(A) = Sub(A1) ∪ . . . ∪ Sub(An) ∪ {A}.
DefRules(A) = DefRules(A1) ∪ . . . ∪ DefRules(An),
TopRule(A) = Conc(A1), . . . Conc(An)→ ψ

3. A1, . . . An ⇒ ψ if A1, . . . , An are arguments such that there exists a defeasible
ruleConc(A1), . . . , Conc(An)⇒ ψ inRd.
Prem(A) = Prem(A1) ∪ . . . ∪ Prem(An),
Conc(A) = ψ,
Sub(A) = Sub(A1) ∪ . . . ∪ Sub(An) ∪ {A},
DefRules(A) = DefRules(A1)∪. . .∪DefRules(An)∪{Conc(A1), . . . Conc(An)⇒
ψ},
TopRule(A) = Conc(A1), . . . Conc(An)⇒ ψ.

Example 4.1.7 Consider a knowledge base in an argumentation system with

Rs ⊇ {p, q → s; u, v → w}
Rd ⊇ {p⇒ t; s, r, t⇒ v}
Kn ⊇ {q}
Kp ⊇ {p, u}
Ka ⊇ {r}

An argument forw is displayed in traditional proof-tree format in Figure 4.1, where
a single line stands for a strict inference and a double line for a defeasibleinference.
The type of a premise is indicated with a superscript. Formally the argument andits
subarguments are written as follows:
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Figure 4.1: An argument

A1: p A5: A1 ⇒ t
A2: q A6: A1, A2 → s
A3: r A7: A5, A3, A6 ⇒ v
A4: u A8: A7, A4 → w

We have that

Prem(A8) = {p, q, r, u}
Conc(A8) = w
Sub(A8) = {A1, A2, A3, A4, A5, A6, A7, A8}
DefRules(A8) = {p⇒ t; s, r, t⇒ v}
TopRule(A8) = v, u→ w

The distinction between two kinds of inference rules and three kinds of premises moti-
vates a distinction into four kinds of arguments.

Definition 4.1.8 [Argument properties] An argumentA is

• strict if DefRules(A) = ∅;

• defeasibleif DefRules(A) 6= ∅;

• firm if Prem(A) ⊆ Kn;

• plausibleif Prem(A) 6⊆ Kn.

We writeS ⊢ ϕ if there exists a strict argument forϕ with all premises taken fromS,
andS |∼ ϕ if there exists a defeasible argument forϕ with all premises taken fromS.

Example 4.1.9 In Example 4.1.7 the argumentA2 is strict and firm, whileA1, A3, A4

andA6 are strict and plausible andA5, A7 andA8 are defeasible and plausible. Fur-
thermore, we have thatK ⊢ p, K ⊢ q, K ⊢ r, K ⊢ u, K ⊢ s andK |∼ t, K |∼ v,
K |∼ w.

4.1.3 Argument orderings

Now that the notion of an argument has been defined, orderings on arguments can be
considered. Below� is a partial preorder such thatA � B means thatB is at least as
‘good’ asA. As usualA ≺ B meansA � B andB 6� A.

The present framework allows for any partial preorder on arguments that satisfies
two basic assumptions.

Definition 4.1.10 [Admissible argument orderings] LetA be a set of arguments. Then
a partial preorder� onA is anadmissible argument orderingiff
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1. if A is firm and strict andB is defeasible or plausible, thenB ≺ A;

2. if A = A1, . . . An → ψ then for all1 ≤ i ≤ n,A � Ai and for some1 ≤ i ≤
n,Ai � A.

The first condition says that strict-and-firm arguments are stronger thanall other argu-
ments, while the second condition says that a strict inference cannot make an argument
weaker or stronger.

The notion of an argument ordering is used in the notion of an argument theory,
which is the more concrete counterpart of the notion of an abstract argumentation theory
of Definition 4.1.30.

Definition 4.1.11 [Argumentation theories] Anargumentation theoryis a tripleAT =
(AS ,KB ,�) whereAS is an argumentation system,KB is a knowledge base inAS

and� is an admissible ordering of the set of all arguments that can be constructedfrom
KB in AS (below called the set of arguments on the basis ofAT ).

If there is no danger for confusion the argumentation system will below be left implicit.
We next define two argument orderings, called the weakest-link and last-link order-

ings. Both orderings are defined as a function from the orderings≤ onRd and≤′ on
K/Kn. To make this work, a way is needed to ‘lift’ a partial preorder≤e of elements
of two sets to an ordering of the two sets. The following way results in a strict partial
order≺s on sets:

• S1 ≺s S2 iff there exists ane1 ∈ S1 such that for alle2 ∈ S2 it holds that
e1 <e e2.

In words,S2 is strictly preferred overS1 if there exists an element ofS1 that is strictly
inferior to all elements ofS2.

Now thelast-link principle prefers an argumentA over another argumentB if the
last defeasible rules used inB are less preferred than the last defeasible rules inA or, in
case both arguments are strict, if the premises ofB are less preferred than the premises
of A. The concept of ‘last defeasible rules’ is defined as follows.

Definition 4.1.12 [Last defeasible rules] LetA be an argument.

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

• If A =A1, . . .,An⇒ φ, thenLastDefRules(A) = {Conc(A1), . . ., Conc(An)⇒
φ}, otherwiseLastDefRules(A) = LastDefRules(A1)∪ . . .∪ LastDefRules(An).

A simple example with more than one last defeasible rule is withK = {p; q} andRd =
{p⇒ r; q ⇒ s}. Then for the argumentA for r∧swe have thatLastDefRules(A) =
{p⇒ r; q ⇒ s}.

The above definition is now used to compare pairs of arguments as follows:

Definition 4.1.13 [Last link principle] LetA andB be two arguments. ThenA ≺ B
iff either

1. condition (1) of Definition 4.1.10 holds; or

2. LastDefRules(A) ≺s LastDefRules(B); or
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3. LastDefRules(A) andLastDefRules(B) are empty andPrem(A)≺s Prem(B).

Consider the following example on whether people misbehaving in a universitylibrary
may be denied access to the library.1

Example 4.1.14LetKp = {Snores; Professor},Rd =

{Snores ⇒r1
Misbehaves;

Misbehaves ⇒r2
AccessDenied ;

Professor ⇒r3
¬AccessDenied}.

Assume thatSnores <′ Professor andr1 < r2, r1 < r3, r3 < r2, and consider the
following arguments.

A1: Snores B1: Professor

A2: A1 ⇒ Misbehaves B2: B1 ⇒ ¬AccessDenied

A3: A2 ⇒ AccessDenied

Let us apply the ordering to the argumentsA3 andB2. The rule sets to be compared
areLastDefRules(A3) = {r2} andLastDefRules(B2) = {r3}. Sincer3 < r2 we
have thatB2 ≺s A3.

Theweakest-link principle considers not the last but all uncertain elements in an ar-
gument. It prefers an argumentA over an argumentB if A is preferred toB on both
their premises and their defeasible rules.

Definition 4.1.15 [Weakest link principle] LetA andB be two arguments. ThenA ≺
B iff either condition (1) of Definition 4.1.10 holds; or

1. Prem(A) ≺s Prem(B); and

2. If DefRules(B) 6= ∅ thenDefRules(A) ≺s DefRules(B).

Example 4.1.16Consider again Example 4.1.14. With the weakest-link principle the
ordering betweenA3 andB2 is different. The rule sets to be compared are now
DefRules(A3) = {r1, r2} andDefRules(B2) = {r3}. Sincer1 < r3 we have that
DefRules(A3) ≺s DefRules(B2). Moreover, sinceSnores <′ Professor we also
have thatPrem(A3) ≺s Prem(B2).

4.1.4 Attack and defeat

In this section the notion of defeat will be defined, in terms of two more basic compo-
nents: non-evaluative syntactic notions of attack and the preference relation on argu-
ments. In short, the idea is that defeat is determined by attack plus preference (except
in some cases, where attack automatically leads to defeat). As explained in Chapter 1,
when arguments are inference trees, then three syntactic forms of attack are possible,
namely, attack on a premise, on a conclusion and on an inference. These notions will
now be formally defined and then combined with a preference ordering on arguments
to yield three kinds of defeat.

1In all examples below, sets that are not specified are assumed to be empty.
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Attack

First the ways in which arguments can be attacked are defined. Recall thatthese are
just syntactic categories and do not reflect any preference between arguments. The first
way of attack corresponds to the case where one argument uses a defeasible rule of
which another argument says that it does not apply to the case at hand. Its definition
assumes that inference rules can be named in the object language; the precise nature of
this naming convention will be left implicit, unless indicated otherwise in examples.

Definition 4.1.17 [Undercutting attack] ArgumentA undercutsargumentB (onB′) iff
Conc(A) ∈ B′ for someB′ ∈ Sub(B) of the formB′′

1 , . . . , B
′′
n ⇒ ψ.

Example 4.1.18 In Example 4.1.7 argumentA8 can be undercut in two ways: by an
argument with conclusionA5, which undercutsA8 on A5, and by an argument with
conclusionA7, which undercutsA8 onA7. To illustrate the construction of such argu-
ments, let us namep ⇒ t with d1 ands, r, t ⇒ w with d2, and extendKp with x and
Rs with p, x→ ¬d1 andRd with q, x⇒ ¬d2. ThenA5 is undercut by

A9: A1, x→ ¬d1

whileA7 is undercut by

A10: A2, x⇒ ¬d2

Undercutting attackers only say that there is some exceptional situation in which a
defeasible inference rule cannot be applied, without drawing the opposite conclusion.
Rebutting attacks do the latter: they provide a contrary or contradictory conclusion for
a defeasible (sub-)conclusion of the attacked argument.

Definition 4.1.19 [rebutting attack] ArgumentA rebutsargumentB (onB′) iff Conc(A) ∈
ϕ for someB′ ∈ Sub(B) of the formB′′

1 , . . . , B
′′
n ⇒ ϕ. In such a caseA contrary-

rebutsB iff Conc(A) is a contrary ofϕ.

Example 4.1.20 In Example 4.1.7 argumentA8 can be rebutted onA5 with an argu-
ment fort and onA7 with an argument forv. Moreover, ift = −t and the rebutter
has a defeasible top rule, thenA5 in turn rebuts the argument fort. However,A8 itself
does not rebut that argument, except in the special case wherew ∈ t. This shows that
for three reasons rebutting attack is not symmetric: the rebutting argument can have a
strict top rule, rebutting can be contrary-rebutting, and rebutting can be launched on a
subargument. However, the present example also shows that in the latter case, if the
rebutting attack is not of the contrary-rebutting kind and the rebutter has a defeasible
top rule, the directly rebutted subargument in turn rebuts its attacker.

This can be illustrated by extendingKp again withx andRd with p, x⇒ ¬t. Then
the argument

A11: A1, x⇒ ¬t

rebuts and is rebutted byA5.

The final way of attack is an attack on a (non-axiom) premise.

Definition 4.1.21 [undermining attack] ArgumentA underminesB iff Conc(A) ∈ ϕ
for someϕ ∈ Prem(B) \ Kn. In such a case argumentA contrary-underminesB iff
Conc(A) is a contrary ofϕ or if ϕ ∈ Ka.
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Example 4.1.22 In Example 4.1.7 argumentA8 can be undermined with an argument
that has conclusionp, r or u. Note that if the attacker has, say, conclusionp, has a
defeasible top rule and does not contrary-undermineA8 thenp as an argument in turn
rebuts the attacker. For example, ifKp is again extended withx andRd is extended
with x⇒ ¬p then

A12: x⇒ ¬p

underminesA5,A6,A7 andA8 whileA1 in turn rebutsA12.

The following example (based on Example 4 of Caminada and Amgoud 2007) il-
lustrates the interplay between strict and defeasible rules in rebutting attack.

Example 4.1.23LetRd = {r1, r2} where

r1 = WearsRing ⇒ Married

r2 = PartyAnimal ⇒ Bachelor

LetRs = {r3, r4} where

r3 = Married → ¬Bachelor

r4 = Bachelor → ¬Married

and letKp = {WearsRing ,PartyAnimal}. Consider the following two arguments.

A1: WearsRing B1: PartyAnimal

A2: A1 ⇒ Married B2: B1 ⇒ Bachelor

A3: A2 → ¬Bachelor B3: B2 → ¬Married

A3 rebutsB3 on its subargumentB2 whileB3 rebutsA3 on its subargumentA2. Note
thatA2 does not rebutB3, sinceB3 applies a strict rule; likewise forB2 andA3.

Defeat

Now that we know how arguments can be attacked, the argument ordering can be used
to define which attacks result in defeat. For undercutting attack no preferences will be
needed to make it result in defeat, since otherwise a weaker undercutter and its stronger
target might be in the same extension. This would be strange since then the extension
contains an argument that applies an inference rule of which another argument in the
same extension says that it should not be applied. The same holds for the other two
ways of attack as far as they involve contraries (i.e., non-symmetric conflictrelations
between formulas). The reason for this is that otherwise if a rebutting or undermining
attacker is weaker than its target, both may be in the same extension. For the remaining
forms of attack the argument ordering will be used to determine whether they result in
defeat.

Definition 4.1.24 [Successful rebuttal] ArgumentA successfully rebutsargumentB if
A rebutsB onB′ and eitherA contrary-rebutsB′ orA 6≺ B′.

This definition determines whether rebutting attack is successful by comparing the con-
flicting arguments at the points where they conflict.

Example 4.1.25Consider again Example 4.1.23. The conflict betweenA3 andB3 is
resolved by comparingA3 with B2 and comparingB3 with A2. Let us apply the last-
link ordering. If r1 < r2 thenB2 ≺ A3 soA3 successfully rebutsB2 andB3 while
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B3 does not successfully rebutA2 or A3. If, by contrast,r1 6< r2 andr2 6< r1 then
A2 6≺ B3 andB2 6≺ A3 so bothA3 andB3 successfully rebut each other (whileA3 still
successfully rebutsB2 and not vice versa, and likewise forB3 andA2).

Example 4.1.23 also illustrates why Definitions 4.1.19 and 4.1.24 should not allow
that a defeasible argument with a strict top rule can be (successfully) rebutted on its final
conclusion. The reason is that otherwise if all defeasible rules in the example are of
equal preference, the set{A1, A2, B1, B2} is admissible, which violates the rationality
postulate of indirect consistency (see Section 4.3 below).

Definition 4.1.26 [Successful undermining] ArgumentA successfully underminesB
if A underminesB and eitherA contrary-underminesB orA 6≺ B.

This definition exploits that an argument premise is also defined to be a subargument.
In Example 4.1.7 any argument forr successfully underminesA8 since it contrary-

undermines it sincer ∈ Ka. The same holds for any argument for a contrary ofp
or u while for arguments for contradictories ofp or u this depends on the argument
ordering (which may in turn depend on the ordering≤′ onK; see e.g. Definitions 4.1.13
and 4.1.15 above).

The three defeat relations can now be combined in an overall definition of ‘defeat’:

Definition 4.1.27 [Defeat] ArgumentA defeatsargumentB iff A undercuts or suc-
cessfully rebuts or successfully underminesB. ArgumentA strictly defeatsargument
B if A defeatsB andB does not defeatA.

Example 4.1.28To further continue Example 4.1.23, ifr1 < r2 we have thatA3

strictly defeatsB3 while if both r1 6< r2 andr2 6< r1 thenA3 andB3 defeat each
other. Note also that ifA3 is deleted from the example, then ifB3 ≺ A2, no argument
in the example is defeated. This may at first sight seem counterintuitive but this is due
to the fact that the example violates closure ofRs under transposition (cf. Section 4.3
below).

Example 4.1.29Consider finally again Example 4.1.14. BothA3 andB2 rebut each
other. With the last-link argument ordering we saw thatB2 ≺s A3, soA3 successfully
rebutsB2 while B2 does not successfully rebutA3. HenceA3 strictly defeatsB2.
However, with the weakest-link ordering we instead had thatA3 ≺s B2, so thenB2

strictly defeatsA3.

4.1.5 Linking structured and abstract argumentation

We are now ready to link our structured argumentation theories to Dung-styleabstract
argumentation theories.

Definition 4.1.30 [Abstract argumentation theory corresponding to an AT] Anabstract
argumentation theoryAATAT corresponding to an argumentation theoryAT is a pair
〈Args, Defeat〉 such that:

• Args is the set of arguments on the basis ofAT as defined by Definition 4.1.6,

• Defeatis the relation onArgsgiven by Definition 4.1.27.
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It is now also possible to define a consequence notion for well-formed formulas.
Several definitions are possible. The following definition directly uses the notions of
justified, defensible and overruled arguments from Chapter 2: (here anS-justified (S-
defensible,S-overruled) argument is an argument that is justified (defensible, over-
ruled) according to semanticsS):

Definition 4.1.31 [The status of conclusions] For any semanticsS and for any argu-
mentation theoryAT and formulaϕ ∈ LAT :

1. ϕ is S-justifiedin AT if and only if there exists anS-justified argument on the
basis ofAT with conclusionϕ;

2. ϕ is S-defensiblein AT if and only ifϕ is notS-justified inAT and there exists
anS-defensible argument on the basis ofAT with conclusionϕ;

3. ϕ is S-overruledin AT if and only if it is notS-justified orS-defensible inAT

and there exists anS-overruled argument on the basis ofAT with conclusionϕ.

Note that the first condition is equivalent to

1. ϕ is S-justifiedin AT if and only if there exists an argument with conclusionϕ
that is contained in allS-extensions ofAT .

Thus this definition does not allow that different extensions contain different arguments
for a skeptical conclusion and therefore does not capture floating conclusions (see Sec-
tion 2.2). The following alternative definition does capture floating conclusions.

Definition 4.1.32 [Justified conclusions (possibly floating)]

1. ϕ is S-f-justifiedin AT if and only if allS-extensions ofAT contain an argument
with conclusionϕ.

4.2 Domain-specific vs. general inference rules

The framework defined in this chapter can be used in two ways, dependingon whether
the inference rules are domain-specific or not. The inference rules of argumentation
systems are not part of the logical languageL but are metalevel constructs. The usual
practice in standard logic is that inference rules express general patterns of reasoning,
such as modus ponens, universal instantiation and so on. By contrast, innonmonotonic
logic often domain-specific inference rules are used, as in default logic.The difference
between both approaches is illustrated with the following example. Consider thein-
formation that all Frisians are Dutch, that the Dutch are usually tall and that Wiebe is
Frisian. With domain-specific inference rules this can in a propositional language be
represented as follows:

Rs = {Frisian → Dutch}
Rd = {Dutch ⇒ Tall}
Kp = {Frisian}

The argument that Wiebe is tall then has the form as displayed on the left in Figure 4.2.
With general inference rules the two rules must instead be represented in the object

languageL. The first one can be represented with the material implication but for the
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second one a connective for defeasible conditionals must be added toL and a defeasible
modus-ponens inference rule must be added for this connective. For example:

Rs = {ϕ,ϕ ⊃ ψ → ψ (for all ϕ,ψ ∈ L), . . .}
Rd = {ϕ,ϕ ; ψ ⇒ ψ (for all ϕ,ψ ∈ L), . . .}
Kp = {Frisian ⊃ Dutch,Dutch ; Tall ,Frisian}

Then the argument that Wiebe is tall has the form as displayed on the right in Figure 4.2.

Figure 4.2: Domain-specific vs. general inference rules

If domain-specific defeasible rules are defined over a first-order language, then the
same notational naming convention is often used as for defaults in default logic. A rule
with free variables is used as a scheme for all its ground instances, that is,for all its
instances in which the variablex is replaced by a ground term fromL. Moreover, the
scheme is often given a named(x1, . . . , xn), wherex1, . . . , xn are all free variables
that occur in the scheme. Such a name allows the formulation of undercutters toa rule.
Consider, for example:

d(x): Bird(x)⇒ Flies(x)

Then schemes for undercutters can be written as follows:

u(x): Penguin(x)⇒ ¬d(x)

To see how this naming convention can be used, consider the following knowledge
base:

Kn = {∀x(Penguin(x) ⊃ Bird(x))}
Kp = {Penguin(Tweety), Bird(Polly)}

Then two arguments can be constructed for the conclusions that Tweety and Polly can
fly (the strict rules are assumed to be all valid first-order inferences):

A1: Penguin(Tweety) B1: Bird(Polly)
A2: ∀x(Penguin(x) ⊃ Bird(x)) B2: B1 ⇒ Flies(Polly)
A3: A1, A2 → Bird(Tweety)
A4: A3 ⇒ Flies(Tweety)

However, only for Tweety can an undercutter be constructed:

C1: Penguin(Tweety)
C2: C1 ⇒ ¬d(Tweety)

The point is thatd(x) is not a rule name but a rule name scheme, and only for its
instanced1(Tweety) can an undercutter be constructed. If, by contrast, the birds-fly
rule had been named withd, then applying the undercutter for Tweety would also block
the default for Polly, which is clearly undesirable.
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Both Vreeswijk (1993; 1997) and Pollock (1987)−(1994) intended their inference
rules to express general patterns of reasoning, which is much more in line with the role
of inference rules in standard logic. Indeed, an important part of JohnPollock’s work
was the study of general patterns of (epistemic) defeasible reasoning, which he called
prima facie reasons. He formalised prima facie reasons for reasoning patterns involv-
ing perception, memory, induction, temporal persistence and the statistical syllogism,
as well as undercutters for these reasons. In the present frameworksuch prima facie
reasons can be expressed as defeasible inference schemes.

For example, the principles of perception and memory could be written as follows:

dp(x, ϕ): Sees(x, ϕ)⇒ ϕ
dm(x, ϕ): Recalls(x, ϕ)⇒ ϕ

(Note that these schemes assume a naming convention for formulas in a first-order lan-
guage, sinceϕ is a term in the antecedent while it is a well-formed formula in the
consequent.) Then undercutters fordp state circumstances in which perceptions are
unreliable, while undercutters ofdm state conditions under which memories may be
flawed. For example, a well-known cause of false memories of events is thatthe mem-
ory is distorted by, for instance, hearing, reading, or watching a TV programme about
the remembered event. A general undercutter for distorted memories could be

um(x, ϕ): DistortedMemory(x, ϕ)⇒ ¬dm(x, ϕ)

combined with information such as

∀x, ϕ(ReadsAbout(x, ϕ) ; DistortedMemory(x, ϕ))

Pollock also formulated a prima facie reason for temporal persistence. Using reification
and theHolds predicate it can be written as follows:2

dt(ϕ, t1, t2): Holds(ϕ, t1), t1 < t2 ⇒ Holds(ϕ, t2)

Pollock defines the following undercutter for this scheme.

ut(ϕ, t1, t2, t3): ¬Holds(ϕ, t3), t1 < t3 < t2 ⇒ ¬dt(ϕ, t1, t2)

Pollock’s prima facie reasons are in fact a subspecies of argument schemes. The notion
of an argument scheme was developed in philosophy and is currently is an important
topic in the computational study of argumentation (cf. Waltonet al. 2008). Argument
schemes are stereotypical non-deductive patterns of reasoning, consisting of a set of
premises and a conclusion that is presumed to follow from them. Uses of argument
schemes are evaluated in terms of critical questions specific to the scheme. Anexample
of an epistemic argument scheme is the scheme from expert opinion (Waltonet al.,
2008, p. 310):

E is an expert in domainD
E asserts thatP is true
P is withinD
P is true

This scheme has six critical questions:

2Pollock actually restricts this principle to certain kinds of propositions, to avoidsome counterintuitive
consequences.
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1. How credible isE as an expert source?
2. IsE an expert in domainD?
3. What didE assert that impliesP?
4. IsE personally reliable as a source?
5. IsP consistent with what other experts assert?
6. IsE’s assertion ofP based on evidence?

A natural way to formalise reasoning with argument schemes is to regard themas de-
feasible inference rules and to regard critical questions as pointers to counterarguments.
More precisely, the three kinds of attack on arguments correspond to threekinds of crit-
ical questions of argument schemes. Some critical questions challenge an argument’s
premise and therefore point to undermining attacks, others point to undercutting at-
tacks, while again other questions point to rebutting attacks. In the scheme from expert
opinion questions (2) and (3) point to underminers (of, respectively, the first and second
premise), questions (4), (1) and (6) point to undercutters (the exceptions that the expert
is biased or incredible for other reasons and that he makes scientifically unfounded
statements) while question (5) points to rebutting applications of the expert opinion
scheme.

4.3 Rationality postulates

Dung’s semantics can be seen as rationality constraints on evaluating arguments in ab-
stract argumentation frameworks. The refinement of his abstract approach with struc-
tured arguments naturally leads to the question whether this additional structure gives
rise to additional rationality constraints. Caminada and Amgoud (2007) gave a posi-
tive answer to this question by proposing a number of ‘rationality postulates’for what
they called ‘rule-based argumentation’. These postulates formulate constraints on any
extension of an argumentation framework corresponding to an argumentation theory:

• Closure under subarguments: for every argument in an extension also all its
subarguments are in the extension.

• Closure under strict rules: the set of conclusions of all arguments in an exten-
sion is closed under strict-rule application.

• Direct consistency: the set of conclusions of all arguments in an extension is
consistent.

• Indirect consistency: the closure of the set of conclusions of all arguments in an
extension under strict-rule application is consistent.

Before it can be studied to what extent the present framework satisfies these rationality
postulates, first some some technicalities concerning strict inference rulesmust be dis-
cussed. To start with, Caminada and Amgoud define the notions of a transposition of a
strict rule and closure of sets of strict rules under transposition.

Definition 4.3.1 [Transposition] A strict rules is a transpositionof ϕ1, . . ., ϕn → ψ
iff s = ϕ1, . . ., ϕi−1,−ψ, ϕi+1, . . ., ϕn→−ϕi for some 1≤ i ≤ n.

Definition 4.3.2 [Transposition operator] LetRs be a set of strict rules.Cltp(Rs) is
the smallest set such that:
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• Rs ⊆ Cltp(Rs), and

• If s ∈ Cltp(Rs) andt is a transposition ofs thent ∈ Cltp(Rs).

We say thatRs is closed under transpositioniff Cltp(Rs) = Rs.

Now the subclass of argumentation systems closed under transposition can be defined.

Definition 4.3.3 [Closure under transposition] An argumentation system(L,−,R,≤)
is closed under transpositionif Rs = Cltp(Rs). An argumentation theory is closed
under transposition if its argumentation system is.

Caminada and Amgoud (2007) also define the closure of a set of formulas under
application of strict rules.

Definition 4.3.4 [Closure of a set of formulas] LetP ⊆ L. Theclosureof P under the
setRs of strict rules, denotedClRs(P), is the smallest set such that:

• P ⊆ ClRs(P).

• if ϕ1, . . . , ϕn → ψ ∈ Rs andϕ1, . . . , ϕn ∈ ClRs(P) thenψ ∈ ClRs(P).

If P = ClRs(P), thenP is said to beclosed.

Below it will also be relevant whether the notion⊢ induced by an argumentation
system satisfies contraposition.

Definition 4.3.5 [Closure under contraposition] An argumentation system isclosed un-
der contrapositionif for all S ⊆ L, all s ∈ S and allϕ it holds that ifS ⊢ ϕ then
S \ {s} ∪ {−ϕ} ⊢ −s. An argumentation theory is closed under contraposition if its
argumentation system is.

Now the first two postulates, closure under subarguments and under strict rules,
hold unconditionally for the present framework.

Proposition 4.3.6 Let<A, defeat> be an abstract argumentation theory as defined in
Definition 4.1.30 andE any of its grounded, preferred or stable extensions. Then for
all A ∈ E: if A′ ∈ Sub(A) thenA′ ∈ E.

Proposition 4.3.7 Let<A, defeat> be an abstract argumentation theory corresponding
to an argumentation theory, andE any of its grounded, preferred or stable extensions.
Then{Conc(A)|A ∈ E} = ClRs({Conc(A)|A ∈ E}).

The two consistency postulates do not hold in general. However, when theweakest- or
last-link argument ordering are used, then they do hold for systems that are closed under
transposition or contraposition, of which the strict closure of the axiomsKn is consis-
tent, and that are ‘well-formed’ in that they respect the intended use of assumptions and
contraries:

Definition 4.3.8 An argumentation theory iswell-formedif:

1. no consequent of a defeasible rule is a contrary of the consequentof a strict rule;
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2. if ϕ ∈ Ka andϕ is a contrary ofψ, thenψ 6∈ Kn∪Kp andψ is not the conclusion
of a rule inR.

Condition (2) in effect says that assumptions can only be contraries of other assump-
tions. An example of aAT that is not well-formed is

Rs = {p→ q},Rd = {r ⇒ s, t⇒ u}
Kp = {p, r},Ka = {v}

and such thats is a contrary ofq andv is a contrary ofu. Then condition (1) of Defi-
nition 4.3.8 is violated since we have argumentsA: p → q andB: r ⇒ s. Moreover,
condition (2) is violated sincev ∈ Ka andt⇒ u ∈ Rd.

Theorem 4.3.9 Let<A, defeat> be an abstract argumentation theory corresponding to
a well-formed argumentation theory that is closed under contraposition or transposition
and has a weakest- or last-link argument ordering and a consistentClRs(Kn), and letE
be any of its grounded, preferred or stable extensions. Then the set{Conc(A) |A ∈ E}
is consistent.

Theorem 4.3.10Let<A, defeat> be an abstract argumentation theory corresponding
to a well-formed argumentation theory that is closed under contraposition or transpo-
sition and has a weakest- or last-link argument ordering and a consistentClRs(Kn), and
letE be any of its grounded, preferred or stable extensions. Then the setClRs({Conc(A)
| A ∈ E}) is consistent.

Corollary 4.3.11 If the conditions of Theorem 4.3.10 are satisfied, then for any grounded,
preferred or stable extensionE the set{ϕ | ϕ is a premise of an argument inE} is con-
sistent.

4.4 Self-defeat

In Chapter 2, Section 2.2 we said that a proper analysis of self-defeatingarguments must
make the structure of arguments explicit. Now that we have done so, we can explain
why this is needed. In the present framework two types of self-defeatingarguments
are possible:serial self-defeatoccurs when an argument defeats one if its earlier steps,
while parallel self-defeatoccurs when the contradictory conclusions of two or more
arguments are taken as the premises for⊥. It turns out that parallel self-defeating can
cause problems if argumentation systems are not carefully defined, particularly if they
include standard propositional logic.

The following example why serial self-defeat does not cause problems.

Example 4.4.1 Consider the following version of the argument scheme from witness
testimony plus undercutter in case the witness is incredible:

dw(x, ϕ): Says(x, ϕ)⇒ ϕ
uw(x, ϕ): Incredible(x)→ ¬dw(x, ϕ)

Now suppose thatKp containsSays(John, “Incredible(John)”). Then we have

A1: Says(John, “Incredible(John)”)
A2: A1 ⇒ Incredible(John)
A3: A2 → ¬dw(John, “Incredible(John)”)
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ArgumentA3 is self-defeating since it undercuts itself onA2. In both preferred and
grounded semantics there is a unique extensionE = {A1}. Arguably this is the desired
outcome, since suppose witness John also says something completely unrelated, say,
‘the suspect stabbed the victim with a knife’ if the self-defeating argumentA3 were
overruled, the argument that can be constructed for ‘the suspect stabbed the victim with
a knife’ would be justified since all its defeaters are overruled, while yet itis based on
a statement of a witness who says of himself that he is incredible.

The following abstract example illustrates the problems that can be caused byparallel
self-defeat.

Example 4.4.2 Let Rd = {p ⇒ q; r ⇒ ¬q; t ⇒ s} andK = {p, r, t} while Rs

contains all propositionally valid inferences. Then:

A1: p A2: A1 ⇒ q
B1: r B2: B1 ⇒ ¬q
C1: A2, B2 → ⊥ C2: C1 → ¬s
D1: t D2: D1 ⇒ s

Here a problem arises sinces can be any formula, so any defeasible argument unrelated
to A2 or B2, such asD2, can, depending on the argument ordering, be rebutted by
C2. Clearly, this is extremely harmful, since the existence of just a single case of
mutual rebutting defeat, which is very common, could trivialise the system. In fact, of
the semantics defined by Dung (1995) this is only a problem for grounded semantics.
Since all preferred/stable extensions contain eitherA2 or B2, argumentC2 is not in
any of these extensions soD2 is in these extensions. However, if neither ofA2 and
B2 strictly defeats the other, then neither of them is in the grounded extension sothat
extension does not defendD2 againstC2 and therefore does not containD2.

According to Martin Caminada (personal communication) this problem can only
be solved by making parallel self-defeat impossible. Since these problems only arise
in particular argumentation systems and with particular semantics, no general solution
will be pursued here; instead such solutions should be provided in instantiations of the
framework.

In conclusion, there are good reasons to believe that the two types of self-defeating
arguments should be treated differently: while arguments based on parallelself-defeat
should always be overruled, arguments with serial self-defeat shouldretain their force
to prevent other arguments from being justified or defensible.

4.5 Exercises

EXERCISE 4.5.1 Consider an argumentation system in whichRs contains all valid
propositional and first-order inferences and with as knowledge base

Kn = {∀x(Px ⊃ Qx)}
Kp = {Pa,∀x(Qx ⊃ Rx)},Ka = ∅

1. Construct an argumentA for Ra.

2. IdentifyPrem(A), Conc(A), Sub(A), DefRules(A) andTopRule(A).

3. What is in terms of Definition 4.1.8 the type of this argument?
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EXERCISE 4.5.2 Consider the following argumentation theory with:

Rs consists of all valid inferences of propositional logic;
Rd = {

p, q ⇒ r,
r ∨ s⇒ t,
u⇒ v,
w ⇒ ¬u}

Kn = {¬(q ∧ v)}
Kp = {p, u, w}
Ka = {q}

Verify the status oft according to grounded semantics, assuming the weakest-link or-
dering on arguments.

EXERCISE 4.5.3 Consider the following argumentation theory with:

Rs = {p, q → r, t→ ¬d1},
Rd = {

d1: p⇒ q,
d2: s⇒ t,
d3: u⇒ v,
d4: v ⇒ ¬t}

Kp = {p, s, u}

Whereu <′ s, d2 < d4 andd3 < d2.

1. Verify the status ofr according to preferred semantics, assuming the weakest-link
ordering on arguments.

2. Answer the same question assuming the last-link ordering on arguments.

EXERCISE 4.5.4 Consider the following argumentation theory with:

Rs consists of all valid propositional inferences,
Rd = {
d1: p⇒ q,
d2: p, q ⇒ r,
d3: s⇒ t}

Kp = {p, s, (q ∧ r) ⊃ ¬t}

Whered3 < d1 andd2 < d3. Verify the status oft according to preferred seman-
tics, assuming the last-link ordering on arguments.

EXERCISE 4.5.5 Consider the following default theory∆ = (W,D):

W = {p}

D =
{p : q

r
,
r : s

t
,
p : u

¬s

}
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1. Is t in some or all extensions of∆?

2. Translate∆ = (W,D) into an argumentation theoryAT with domain-specific
defeasible inference rules (hint: use assumption-type premises).

3. What is the status oft in AT if S = stable semantics?

EXERCISE 4.5.6 Consider Example 4.4.1.

1. Explain whyE = {A1} is the only grounded and preferred extension.

2. Extend the example with the argument based on John’s testimony about the sus-
pect and verify its status in grounded and preferred semantics.

EXERCISE 4.5.7 Consider the following, equally strong defaults

1. Persons born in The Netherlands are typically Dutch.
2. Persons with a Norwegian name are typically Norwegian.
3. Persons who are Dutch or Norwegian typically like ice skating.

and the following facts:

4. Brigt Rykkje was born in the Netherlands
5. Brigt Rykkje has a Norwegian name.
6. Nobody is both Dutch and Norwegian.

1. Translate this information into an argumentation theory of whichRs consists of
all valid propositional and first-order inferences andRd consists of the defeasible
inference scheme for; from Section 4.2.

2. Assume that the argument ordering is determined by the last-link principle. We
want to know whether Brigt Rykkje likes ice skating. Construct all arguments
that are relevant for this proposition and determine whether the conclusionthat
Brigt Rykkje likes ice skating is justified in grounded semantics.

3. Answer the same question for preferred semantics.

4. Answer the same question forf -justification in preferred semantics.

EXERCISE 4.5.8 Formalise the example of Exercise 2.6.13 as an argumentation the-
ory with domain-specific defaults in a way that satisfies your intuitions about this ex-
ample.

EXERCISE 4.5.9 Let Rs = {p → q; p → r; p, r → s} and let− correspond to
classical negation.

1. DetermineCltp(Rs).

2. Determine whether withCltp(Rs) it holds that{p} ⊢ s.

3. Determine whether withCltp(Rs) it holds that{−s} ⊢ −p.

EXERCISE 4.5.10 LetRs = {p→ q; ¬q → r; r → ¬p; ¬r → q; p→ ¬r} and let
− correspond to classical negation.
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1. IsRs closed under transposition?

2. DoesRs satisfy contraposition?

EXERCISE 4.5.11 Consider the argumentation theory of Example 4.4.2.

1. Verify the status of argumentD2 for s in grounded semantics.

2. Verify the status of argumentD2 for s in preferred semantics.



Bibliography

Amgoud, L., Bodenstaff, L., Caminada, M., McBurney, P., Parsons, S., Prakken, H.,
van Veenen, J., and Vreeswijk, G. (2006), “Final review and reporton formal argu-
mentation system,” Deliverable D2.6, ASPIC IST-FP6-002307.

Antoniou, G.,Nonmonotonic Reasoning, Cambridge, MA: MIT Press (1997).

Bondarenko, A., Dung, P., Kowalski, R., and Toni, F. (1997), “An abstract,
argumentation-theoretic approach to default reasoning,”Artificial Intelligence, 93,
63–101.

Caminada, M. (2006), “On the issue of reinstatement in argumentation,” inProceedings
of the 11th European Conference on Logics in Artificial Intelligence (JELIA 2006),
no. 4160 in Springer Lecture Notes in AI, Berlin: Springer Verlag, pp. 111–123.

Caminada, M., and Amgoud, L. (2007), “On the evaluation of argumentation for-
malisms,”Artificial Intelligence, 171, 286–310.

Dung, P. (1995), “On the acceptability of arguments and its fundamental role in non-
monotonic reasoning, logic programming, andn–person games,”Artificial Intelli-
gence, 77, 321–357.

Loui, R. (1987), “Defeat among arguments: a system of defeasible inference,”Compu-
tational Intelligence, 2, 100–106.

McCarthy, J. (1980), “Circumscription - a form of non-monotonic reasoning,” Artificial
Intelligence, 13, 27–39.

Pollock, J.,Knowledge and Justification, Princeton: Princeton University Press (1974).

Pollock, J. (1987), “Defeasible reasoning,”Cognitive Science, 11, 481–518.

Pollock, J. (1994), “Justification and Defeat,”Artificial Intelligence, 67, 377–408.

Prakken, H. (2006), “Formal systems for persuasion dialogue,”The Knowledge Engi-
neering Review, 21, 163–188.

Prakken, H. (2010), “An abstract framework for argumentation with structured argu-
ments,”Argument and Computation, 1.

Prakken, H., “Reader Commonsense Reasoning,” Department of Information and Com-
puting Sciences, Utrecht University, Utrecht, The Netherlands (2010).

Prakken, H., and Sartor, G. (1997), “Argument-based extended logicprogramming with
defeasible priorities,”Journal of Applied Non-classical Logics, 7, 25–75.

69



70 Bibliography

Prakken, H., and Vreeswijk, G. (2002), “Logics for defeasible argumentation,” in
Handbook of Philosophical Logic(Vol. 4, Second ed.), eds. D. Gabbay and
F. Günthner, Dordrecht/Boston/London: Kluwer Academic Publishers, pp. 219–318.

Rahwan, I., and Simari, G. (eds.)Argumentation in Artificial Intelligence, Berlin:
Springer (2009).

Reiter, R. (1980), “A logic for default reasoning,”Artificial Intelligence, 13, 81–132.

Rescher, N.,Dialectics: a Controversy-oriented Approach to the Theory of Knowledge,
Albany, N.Y.: State University of New York Press (1977).

Toulmin, S.,The Uses of Argument, Cambridge: Cambridge University Press (1958).

Vreeswijk, G. (1993), “Defeasible dialectics: a controversy-orientedapproach towards
defeasible argumentation,”Journal of Logic and Computation, 3, 317–334.

Vreeswijk, G.,Studies in Defeasible Argumentation, Doctoral dissertation Free Univer-
sity Amsterdam (1993).

Vreeswijk, G. (1997), “Abstract argumentation systems,”Artificial Intelligence, 90,
225–279.

Vreeswijk, G., and Prakken, H. (2000), “Credulous and sceptical argument games for
preferred semantics,” inProceedings of the 7th European Workshop on Logics in Ar-
tificial Intelligence (JELIA’2000), no. 1919 in Springer Lecture Notes in AI, Berlin:
Springer Verlag, pp. 239–253.

Walton, D., Argumentation Schemes for Presumptive Reasoning, Mahwah, NJ:
Lawrence Erlbaum Associates (1996).

Walton, D., Reed, C., and Macagno, F.,Argumentation Schemes, Cambridge: Cam-
bridge University Press (2008).


