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1

Historical Overview of Formal Argumen-
tation

HENRY PRAKKEN

ABSTRACT. This chapter gives an overview of the history of formal
argumentation in terms of a distinction between argumentation-based
inference and argumentation-based dialogue. Systems for argumentation-
based inference are about which conclusions can be drawn from a given
body of possibly incomplete, inconsistent of uncertain information. They
ultimately define a nonmonotonic notion of logical consequence, in terms
of the intermediate notions of argument construction, argument attack
and argument evaluation, where arguments are seen as constellations of
premises, conclusions and inferences. Systems for argumentation-based
dialogue model argumentation as a kind of verbal interaction aimed at
resolving conflicts of opinion. They define argumentation protocols, that
is, the rules of the argumentation game, and address matters of strategy,
that is, how to play the game well. For both aspects of argumentation
the main formal and computational models are reviewed and their main
historical influences are sketched. Then some main applications areas are
briefly discussed.

1 Introduction

This chapter gives an overview of the history of formal argumentation. There
are two ways to write such an overview. One is to describe all significant re-
search that has been done, while another is to give insight into the historical
developments underlying the current state of the art. In this chapter I will do
the latter. This will inevitably lead to a stronger focus on the early develop-
ments and a less detailed description of later research. Those who want more
detail about the later research can consult the other chapters of this handbook.
The historical overview is given in terms of a distinction between argumentation-
based inference and argumentation-based dialogue. Systems for argumentation-
based inference are about which conclusions can be drawn from a given body of
possibly incomplete, inconsistent of uncertain information. They ultimately de-
fine a nonmonotonic notion of logical consequence, in terms of the intermediate
notions of argument construction, argument attack and argument evaluation,
where arguments are seen as constellations of premises, conclusions and infer-
ences. Systems for argumentation-based dialogue model argumentation as a
kind of verbal interaction aimed at resolving conflicts of opinion. They define
argumentation protocols (the rules of the argumentation game) and address
matters of strategy (how to play the game well). While accounts of argumen-
tation as inference assume a single static and global body of information from
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which the arguments and attacks are constructed, in studies of argumenta-
tion as dialogue this information is dynamic (it can change during a dialogue)
and distributed over the dialogue’s participants. Models of argumentation as
inference can be embedded in models of argumentation as dialogue in two com-
plementary ways: at each stage of a dialogue they can be ‘globally’ applied to
the ‘current’ body of information; and within each dialogue participant they
can be ‘locally’ applied as the participant’s internal reasoning model.

Like all informal distinctions, the distinction between argumentation as in-
ference and argumentation as dialogue breaks down at some point, and there-
fore I will also discuss work that cannot easily be classified as belonging to
either inference or dialogue, especially work on argumentation dynamics that
abstracts from agent-related and dialogical aspects. Another way in which a
strict distinction between inference and dialogue causes problems for a histor-
ical overview is that some historical influences cannot clearly be described as
influencing just models of inference or just models of dialogue. Some work has
instead more generally promoted the idea of dialectics as constructing, criti-
cising and comparing arguments, whether in an inferential or in a dialogical
setting. One such historical influence was the development of dialogue logic
[Lorenzen and Lorenz, 1978], which gives a game-theoretic formulation of the
semantics of logical constants in terms of a dispute between a proponent and
an opponent of a claim, plus a game-theoretic notion of logical consequence as
the existence of a winning strategy for the proponent. This predates modern
argument games for argumentation-based inference and also influenced the de-
velopment of formal dialogue systems for argumentation. Having said so, in
dialogue logic these ideas were only used to reformulate existing monotonic no-
tions of logical consequence, so dialogue logic cannot be said to model genuine
argumentation.

Another historical influence that is not confined to either inference or dia-
logue is early AI & Law work on the computational modelling of legal argument.
Among the earliest work in Al and law on legal argument was the TAXMAN II
project [McCarty, 1977; McCarty, 1995]). According to McCarty [1995], p. 285
“The task for a lawyer or a judge in a “hard case” is to construct a theory of
the disputed rules that produces the desired legal result, and then to persuade
the relevant audience that this theory is preferable to any theories offered by an
opponent”. Other influential early systems were the HYPO system [Rissland
and Ashley, 1987; Ashley, 1990] and its successor the CATO system [Aleven
and Ashley, 1991; Aleven, 2003]. These systems were meant to model how
lawyers in common-law jurisdictions make use of past decisions when arguing
a case. They did not compute an ‘outcome’ or ‘winner’ of a dispute; instead
they were meant to generate debates as they could take place between ‘good’
common-law lawyers. Several researchers who later contributed to the gen-
eral formal study of argumentation originate from Al & Law, such as Trevor
Bench-Capon, Tom Gordon, Giovanni Sartor, Bart Verheij and myself.

The remainder of this chapter is divided into two main sections on, re-
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spectively, argumentation-based inference (Section 2) and dialogue (Section 3).
Then some main applications areas are briefly discussed in Section 4 and some
concluding remarks are made in Section 5.

2 Formal and computational models of
argumentation-based inference

Nowadays, many systematic introductions to argumentation start with [Dung,
1995]’s theory of abstract argumentation frameworks, which takes the notions
of argument and attack as primitive, i.e., nothing is assumed about about the
structure of arguments or the nature of attack. Yet there had been quite some
formal work on argumentation-based inference before Dung’s landmark 1995
paper, and all this early work specified the structure of arguments and the
nature of attack. The seminal paper in this respect was [Pollock, 1987]. Many
ideas developed in this early body of work are still important today. The
focus in this early work on structured argumentation agrees with the usual
approaches in informal argumentation, which do not have arguments as the
primitive notion but concepts like claims, reasons and grounds. For example,
Walton [2006a], p. 285 defines the term ‘argument’ as “the giving of reasons to
support or criticize a claim that is questionable, or open to doubt”.

In this section first the three main historical sources of influence are sketched,
namely, philosophy, nonmonotonic logic & logic programming, and informal
logic & argumentation theory. Then the two seminal bodies of work are dis-
cussed in more more detail, John Pollock’s argumentation-based system for
defeasible reasoning and Phan Minh Dung’s theory of abstract argumentation
frameworks. Their works have inspired much research on, respectively, struc-
tured and abstract approaches to argumentation-based inference, which will
subsequently be discussed.

2.1 Main historical influences

The formal and computational study of argumentation-based inference is gen-
erally regarded as a subfield of Al, originating from the study of nonmonotonic
logic. However, there are two main other historical influences.

2.1.1 Philosophy

Arguably, the first mature formal system for argumentation-based inference
was proposed by Pollock [1987]!. John Pollock (1940-2009) was an influen-
tial American philosopher who made important contributions to various fields,
including epistemology and cognitive science. In the last 25 years of his life
he also contributed to artificial intelligence, starting with his classic 1987 pa-
per on defeasible reasoning. Many important topics in the formal study of
argumentation-based inference were first studied by Pollock, or first studied
in detail, such as argument structure, the nature of defeasible reasons, the

ISeveral paragraphs in this subsection are, some with minor modifications, taken from
Prakken and Horty [2012].
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interplay between deductive and defeasible reasons, rebutting versus undercut-
ting defeat, argument strength, argument labellings, self-defeat, and resource-
bounded argumentation.

Pollock’s work on formal argumentation was heavily influenced by the idea
of defeasible reasons as developed in moral philosophy by Ross [1930] in his
notion of prima facie moral rules, in epistemology by Chisholm [1957], Rescher
[1977] and Pollock himself [1970, 1974], and as applied to practical reasoning
by Raz [1975]. The term ‘defeasibility’ originates from legal philosophy, in
particular from Hart [1949] (see the historical discussion in Loui [1995]). Hart
observed that legal concepts are defeasible in that the conditions for when a
fact situation classifies as an instance of a legal concept (such as ‘contract’), are
only ordinarily, or presumptively, sufficient. If a party in a law suit succeeds in
proving these conditions, this does not have the effect that the case is settled;
instead, legal procedure is such that the burden of proof shifts to the oppo-
nent, whose turn it then is to prove exceptional facts which, despite the facts
proven by the proponent, nevertheless prevent the claim from being granted.
For instance, insanity of one of the contracting parties is an exception to the
legal rule that an offer and an acceptance constitute a binding contract. The
notion of burden of proof was also studied by [Rescher, 1977], in the context
of epistemology. Among other things, Rescher claimed that a dialectical model
of scientific reasoning can explain the rational force of inductive arguments:
they must be accepted if they cannot be successfully challenged in a properly
conducted scientific dispute.

Pollock’s work on formal argumentation originated as an attempt to make
formal sense of the intuitive notion of defeasible reasoning that seemed to be at
work in these papers and books. In fact, the task had been attempted before.
There is an early paper by Chisholm [1974], a heroic effort whose failure is
no surprise given the limited tools available at the time. Still, in spite of the
blossoming of philosophical logic in the 1960’s and 1970’s, the logical study
of defeasible reasoning had received almost no attention at all. It is fair to
say that Pollock, working in isolation, was the first philosopher working in the
field of philosophy, as opposed to computer science, to outline an adequate
framework for defeasible reasoning.

2.1.2 Nonmonotonic logic and logic programming

The first Al systems for argumentation-based inference were not influenced by
the above-discussed philosophical developments. Instead, they were presented
as new ways to do nonmonotonic logic. Nonmonotonic logic had become fash-
ionable around 1980 and a variety of approaches was being pursued. By the
late 1980’s, the field of nonmonotonic logic had been recognized as an impor-
tant subfield of artificial intelligence. The field was motivated by the fact that
commonsense reasoning often involves incomplete or inconsistent information,
in which cases logical deduction is not a useful reasoning model. If informa-
tion is incomplete, then nothing useful can be deductively derived, while if
it is inconsistent, then anything is deductively implied. Nonmonotonic logics
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allow ‘jumping to conclusions’ in the absence of information to the contrary.
The canonical example is ‘birds typically fly, Tweety is bird, therefore (pre-
sumably) Tweety can fly’. This inference holds as long as no information is
available that T'weety is not a typical bird with respect to flying, such as a
penguin. Nonmonotonic logic can also model the derivation of useful conclu-
sions from inconsistent information, namely, by focusing on consistent subsets
of the inconsistent information. Several years after the first nonmonotonic log-
ics were proposed in the now famous special issue on nonmonotonic logic of
the Artificial Intelligence journal [Bobrow, 1980], the idea arose in this field
that nonmonotonic inference can be modelled as the competition between ar-
guments.

The earliest nonmonotonic reasoning systems with an argumentation flavour
include the work of Touretzky [1984; 1986] on inheritance systems, later devel-
oped along with several collaborators [Horty et al., 1990]. Inheritance systems
model reasoning about how objects inherit properties from the classes to which
they belong. They are nonmonotonic since the inheritance of properties of
classes by subclasses can be blocked by exceptions. For example, penguins do
not inherit from birds the property of being able to fly. Although the work on
inheritance systems did not use argumentation terms, such systems still have
all the characteristics of argumentation systems. To start with, inheritance
paths effectively are arguments. For example, the conclusion that Tweety the
penguin can fly can be drawn via the path ‘Penguins are birds and birds can
fly’ while the conclusion that Tweety the Penguin cannot fly can be drawn via
the inheritance path ‘Penguins cannot fly’. Inheritance systems also have var-
ious notions of conflict between inheritance plus definitions of whether a path
is ‘permitted’ given its conflict relations with other paths. While the techni-
cal solutions devised in this work are now somewhat outdated, the work on
inheritance paths has clearly influenced the development of the first Al argu-
mentation systems. Among other things, the publications in inheritance are
great sources of relevant examples.

An influential figure in the early days was Ron Loui. His [1987] paper was,
although technically still preliminary, influential in promoting the idea of for-
mulating nonmonotonic logic as argumentation. With Guillermo Simari he
developed a technically mature version of his ideas [Simari and Loui, 1992).
Several other of his papers more generally promoted the idea of computational
dialectics and were thus also relevant for dialogue models of argumentation.
The fullest exposé of these ideas is [Loui, 1998], which circulated among re-
searchers for several years until it was finally published in 1998.

Other relevant early work was the work of Nute [1988], later developed into
so-called Defeasible Logic [Nute, 1994]. This approach is in spirit very close
to argumentation but while in argumentation approaches conflict and defeat
happen between arguments, in Defeasible Logic they happen between rules.
For this reason the work on Defeasible Logic has diverged somewhat from the
field of computational argument, although some work on the former has studied
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the formal relation with argumentation approaches. In particular, [Governatori
et al., 2004] studied to which extent defeasible logics can be reformulated in
terms of Dung’s theory of abstract argumentation frameworks.

Finally, the field of logic programming was influential since the idea arose to
give semantics to negation as failure in argumentation-theoretic terms. If not P
is assumed to hold because of the failure to derive P, then a derivation of P can
be regarded as an attack on any derivation using not P. In other words, a logic-
programming derivation can be regarded as a competition between arguments
and counterarguments. Work on this idea of e.g. Geffner [1991] and Kakas et
al. [1992] was a main source of inspiration of Dung’s landmark [1995] paper on
abstract argumentation frameworks.

2.1.3 Informal logic and informal argumentation theory

One would expect that the fields of informal logic and argumentation theory
(which are often regarded as a single field) were also important historical in-
fluences on argumentation-based models of inference. However, in fact their
influence has been relatively modest. In particular, the work of Toulmin [1958]
and the resulting work on argumentation schemes was until around 2000 hardly
linked to computational argument. An important event here was the 2000
Bonskeid Symposium on Argument and Computation in the Scottish moun-
tains, organised by Tim Norman and Chris Reed, at which researchers from
various formal and informal fields met in an informal setting. Various interdis-
ciplinary collaborations resulted from this event, partly reported in [Reed and
Norman, 2003].

Yet these fields originated from similar concerns about deductive logic as
those that gave rise to the field of nonmonotonic logic in Al, namely, the inad-
equacy of deductive logic as a model of ‘ordinary’ reasoning. Stephen Toulmin,
whose 1958 book The Uses of Argument is generally regarded as the origin
of informal logic and argumentation theory, criticised the logicians of his days
for neglecting many features of ordinary reasoning. In his well-known pictorial
scheme for arguments (see Figure 1) he left room for “rebuttals” of an argument
on the basis of exceptions to the “warrant” connecting the arguments “data”
to its “claim”. The idea of rebuttals is clearly related to Hart’s [1949] ideas on
exceptional circumstances that can defeat the application of a legal concept.

Toulmin’s notion of a warrant was in informal logic and argumentation the-
ory generalised into rich classifications of argument schemes for presumptive
forms of reasoning, while his notion of a rebuttal was generalised into lists of
critical questions attached to argument schemes [Walton, 1996]. The idea of
argumentation schemes with critical questions has since the above-mentioned
Bonskeid 2000 event often been used in formal and computational models of
argumentation-based inference and dialogue.

Toulmin also argued that outside mathematics the validity of an argument
does not depend on its syntactic form but on whether it can be defended in
a properly conducted dispute, and that the task of logicians is to study the
criteria for properly conducted disputes. This became an important and very
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Harry was born in So, presumably Harry is a British

Bermuda g subject
(Data) (Claim)

Since Unless

A man born in Bermuda Harry has become a

will generally be a naturalised American / both
British subject his parents were aliens ...
(Warrant) (Rebuttals)

On account of

The following statutes
and other legal
provisions:
(Backing)

Figure 1. Toulmin argument scheme and an instance

influential idea, as further discussed below in Section 3 on argumentation-based
dialogue. However, it also had an unfortunate effect. For decades, informal
logic and argumentation theory rejected any use of formal methods in the
study of ordinary reasoning, based on a mistaken equation of formal methods
with deductive logic. As we now know after more than 35 years of research on
nonmonotonic logic, belief revision and computational argument, many features
of non-mathematical reasoning that Toulmin and his successors analysed can
be formalised. For example, the AT work on argumentation schemes since 2000
has shown that reasoning with such schemes can to a large extent be formalised
in modern argumentation logics.

2.2 Seminal work

I now discuss the two seminal contributions in the field, the ones of Pollock
[1987] and Dung [1995]. These two papers successively introduced the two key
ideas of the formal study of argumentation-based inference. Pollock introduced
the notion of a defeasible reason, while Dung showed that argument evaluation
can be formalised by assuming just two primitive notions of argument and at-
tack. Neither of these ideas on their own define the field; it is their combination
that makes the argumentation way of doing nonmonotonic logic so powerful.

2.2.1 Pollock’s work

As said above, arguably, the first mature formal system for argumentation-
based inference was proposed by Pollock [1987]2. In fact, this work became

2Several parts of this subsection are reused or adapted from Prakken and Horty [2012].
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close to being one of the first nonmonotonic logics at all. Concerning his 1987
paper, Pollock later wrote that he first developed the idea in 1979, but that
he did not initially publish it because, as he says, “being ignorant of Al, I did
not think anyone would be interested.” [Pollock, 2007b, p. 469]. If Pollock had
published this idea when it first occurred to him, the result would have been
not only the first argument-based theory of defeasible reasoning, but one of the
first systems of any kind for nonmonotonic reasoning.

I now discuss Pollock’s system in some more detail, to illustrate that it intro-
duced several fundamental ideas into our field. As usual in logic, arguments in
Pollock’s approach are inference graphs, in which a final conclusion is inferred
from the premises via intermediate conclusions. Note that when an argument
uses no premise more than once, the graph is a tree. What is unusual is Pol-
lock’s ideas on how conclusions can be supported by premises. The ‘classic’
logicians’ view attacked by Toulmin [1958] had been that all arguments should
be deductively valid, that is, the truth of their premises should guarantee the
truth of their conclusion, and that the only source of fallibility of good argu-
ments is their premises. Influenced by Toulmin, the fields of informal logic
and argumentation theory had already questioned this view and argued that
arguments that fail to meet this standard of inferential perfection can still be
good, as long as they withstand critical scrutiny. Pollock [1987] gave us the
tools to formalise this new account, with his notion of a defeasible reason.

In Pollock’s approach, the inference rules (in his terminology “reasons”) used
to construct arguments come in two kinds: deductive and defeasible reasons (in
his early work called “conclusive’ and “prima facie” reasons). An argument
can be defeated on its applications of defeasible reasons, which can happen in
two ways. Rebutting defeaters attack the conclusion of a defeasible inference by
supporting a conflicting conclusion. For example, ‘Tweety can fly since it is a
bird and birds typically fly’ can be attacked by ‘T'weety cannot fly since Tweety
is a penguin and penguins cannot fly’. Undercutting defeaters instead attack
the defeasible inference itself, without supporting a conflicting conclusion. For
example: if the object looks red, this is a reason for concluding, defeasibly, that
the object is red; but the presence of red illumination interrupts the reason re-
lation without suggesting any conflicting conclusion. Pollock formalized several
defeasible reasons that he found important in human cognition, such as rea-
sons for perception, memory, induction, the statistical syllogism and temporal
persistence, as well as undercutting defeaters for these reasons.

Pollock’s notion of a defeasible reason is clearly related to argumentation the-
ory’s notion of an argumentation scheme: such schemes are defeasible reasons
while many of their critical questions can be regarded as pointers to undercut-
ting defeaters and other questions as pointers to rebutting defeaters or premise
attacks.

Consider by way of example of Pollock’s notions of reason, argument and
conflict the following version of the Tweety example. Figure 2 contains two
rebutting arguments for the conclusions that Tweety flies, respectively, does not
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fly, and an undercutting argument defeating the argument that Tweety flies.
In this figure, deductive, respectively defeasible inferences are visualized with,

] (9) Bob says that
(8) Bob is an most penguins (1) Tweety looks
ornithologist cannot fly like a penguin

~ 7 T
AN 4
N ’ :
N 4
* /7 r
N
N ,I
N, 1
\N 7
4 1

(2) Tweety is a
penguin

(10) Most penguins
cannot fly

(3) Penguins are a
subclass of birds

(5)9/10
observed birds fly
~ T

]
!
r2
\\\ r3 ,/’ :
i |
(11) Itis not the ' N ‘ )
case that ‘Tweety (12) Tweety (4) Tweety is a bird (6) Most birds
is a bird’ and cannot fly can fly
‘Most birds can ) ! AR ' ' —
fly’ implies . e
‘Tweety can fly’ S e
S 3L
So-
(7) Tweety can
fly

Figure 2. An example

respectively, solid and dotted lines without arrow heads, while defeat relations
are displayed with arrows. The figure assumes four defeasible inference rules,
informally paraphrased as follows:

r1:  That an object looks like having property P is a defeasible reason
for believing that the object has property P

ro:  That n/m observed P’s are Q’s (where n/m > 0,5) is a defeasible
reason for believing that most P’s are Q)’s

rg:  That most P’s are ()’s and x is a P is a defeasible reason for
believing that x is a @)

ry:  That an ornithologist says ¢ about birds is a defeasible reason for
believing ¢

Rule 71 expresses that perceptions yield a defeasible reason for believing that
what is perceived to be the case is indeed the case, rule 5 captures enumerative
induction, while 73 expresses the statistical syllogism. Rule r4 can be seen as a
special case of the argumentation scheme from expert testimony; cf. [Walton,
1996].
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Moreover, the figure assumes an obvious strict inference rule plus an under-
cutting defeater for rj:

r5:  That P’s are a subclass of Q’s and a is a P is a deductive reason
for believing that a is a @

r¢: That x is an R, most R’s are not (Q’s and R’s are a subclass of P’s
is a deductive reason for believing —rj

Rule r¢ is a special case of Pollock’s “subproperty defeater” of the statistical
syllogism, which says that conflicting statistical information about a subclass
undercuts the statistical syllogism for the superclass.

Defeasible reasons should not be confused with nonmonotonic consequence
notions. It is possible to design argumentation logics with nonmonotonic con-
sequence notions in which nevertheless all arguments have to be deductively
valid. For example, in classical argumentation arguments are classical im-
plication relations from consistent subsets of a possibly inconsistent body of
information and the only source of fallibility of arguments is their premises.
Recent portrayals of Pollock’s approach as ‘deductive’ [Hunter and Woltran,
2013] do no justice to his approach, given that Pollock strongly emphasised
that “It is logically impossible to reason successfully about the world around
us using only deductive reasoning. All interesting reasoning outside mathe-
matics involves defeasible steps.” [Pollock, 1995, p.41]. Pollock thus clearly
rejected the conventional view that all arguments have to be deductively valid.

Defeasible reasons should also not be confused with deductive inference rules
with assumption-type premises. Thinking otherwise would have the odd conse-
quence that even the classically valid rules of inference become defeasible when
applied to assumptions.

Once arguments can employ defeasible reasons, the support relation between
their premises and conclusion can have varying strength. Pollock’s 1987 system
did not yet include a notion of strength but Pollock later took the notion of
strength of arguments very seriously. Since his systems were meant for epis-
temic reasoning, he always formulated strength of reasons in terms of numerical
degrees of belief. In his 1994 system, rebutting and undercutting arguments
only succeed in defeating their target if the degree of belief of their conclusions
is not lower than that of the attacked argument.

Finally, Pollock was well aware that just defining notions of argument and
defeat are not enough and he spent much effort in designing well-behaved no-
tions of argument acceptability. His two earliest definitions predate much cur-
rent work on argumentation-based semantics. His 1987 proposal was by Dung
[1995] proven to be an instance of Dung’s grounded semantics, while his 1994
labelling definition predates the currently popular labeling approach to ab-
stract argumentation and was by Jakobovits [2000] proven to be an instance of
Dung’s preferred semantics.
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2.2.2 Dung’s abstract argumentation frameworks

Dung’s landmark 1995 paper is the origin of the second main idea of our field,
namely, that argument evaluation can be formalised by assuming just two prim-
itive notions of argument and attack. With just these two notions, Dung was
able to develop an extremely rich and elegant abstract theory of argument
evaluation. As apparent from this historic overview, Dung was not the first
to study argument evaluation nor the first to provide well-behaved definitions.
His great contribution was twofold: he showed that particular definitions of
argument evaluation conformed to simple abstract patterns, and he showed
that the same patterns are also implicit in other nonmonotonic logics, in logic
programming and even in cooperative game theory. Exaggerating a little, one
could say that while Pollock arguably was the father of argumentation in Al,
Dung was the midwife, who smoothened its delivery into mainstream AI. His
1995 AI Journal paper was not the first work on argumentation-based infer-
ence, but its influence has been enormous, now being the de facto standard in
the field. It is fair to say that Dung [1995] has made argumentation respectable
in mainstream Al.

Nevertheless, the historic roots of Dung’s 1995 paper should not be forgotten.
As mentioned in the introduction to Section 2, all early work on argumentation-
based inference specified the structure of arguments and the nature of attack
(often called ‘defeat’). Even Dung in his landmark 1995 paper stood in this
tradition. Dung did two things: he developed the new idea of abstract argu-
mentation frameworks, and he used this idea to reconstruct and compare a
number of then mainstream nonmonotonic logics and logic-programming for-
malisms, namely, default logic [Reiter, 1980], Pollock’s [1987] argumentation
system and several logic-programming semantics. However, these days the sec-
ond part of his paper, and also the third part on relations with cooperative
game theory, is largely forgotten and his paper is almost exclusively cited for
its general theory of abstract argumentation frameworks.

A historic overview of work on argumentation-based inference would not be
complete without listing Dung’s simple and elegant basic notions. An abstract
argumentation framework (AF) is a pair (AR, attacks), where AR is a set
arguments and attacks C AR x AR is a binary relation. The theory of AFs then
addresses how sets of arguments (called extensions) can be identified which are
internally coherent and defend themselves against attack. A key notion here
is that of an argument being acceptable with respect to a set of arguments:
A € AR is acceptable with respect to S C AR if for all A € S: if B € AR
attacks A, then some C' € S attacks B (nowadays it is more usual to say that
A € AR is defended by S C AR). Then relative to a given AF' various types
of extensions can be defined as follows (here E is conflict-free if no argument
in F attacks an argument in E):

o FEis admissible if F is conflict-free and each argument in F is acceptable
with respect to F;
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e F is a complete extension if E is admissible and each argument that is
acceptable with respect to E belongs to E;

E is a preferred extension if F is a maximal (with respect to set inclusion)
admissible set;

e [ is a stable extension if E is conflict-free and attacks all arguments
outside it;

e F is a grounded extension if F is the least fixpoint of operator F', where
F(S) returns all arguments acceptable to S.

Dung showed that the grounded extension is always unique but that there
can be multiple extensions of the other types. Dung also showed that every
stable extension is preferred but not vice versa, that the grounded extension
is contained in every other extension, and that all extensions of any type are
complete.

To illustrate how abstract argumentation frameworks can be instantiated,
consider again Figure 2. There are three arguments. In fact, there are more
arguments, since each of the three arguments we consider has several subar-
guments. However, none of these is attacked, so they can be ignored for sim-
plicity. The two rebutting arguments for the conclusions that Tweety can fly,
respectively, cannot fly attack each other, while the undercutting argument at-
tacks the argument that Tweety flies. The resulting argumentation framework
is shown in Figure 3. In this case the four semantics coincide: the set with
the undercutting argument and the argument that Tweety cannot fly is the
grounded extension, while it is also the unique complete, stable and preferred
extension (the grey colourings indicate extension membership). To see why
it is preferred, observe that the undercutting argument defends the argument
that Tweety cannot fly against its rebutting attacker that Tweety can fly.

(T ey o)

| cannot | {

&)\ )

Figure 3. An abstract argumentation framework

To illustrate that argumentation frameworks can have multiple extensions,
consider the simpler example in Figure 4 where the undercutting argument has
been deleted from the AF' of Figure 3. In grounded semantics the extension is
empty (case a) but in preferred and stable semantics there are two extensions,
depending on whether the argument that Tweety can (case b) or cannot fly
(case c) is accepted. Finally, all three extensions are complete.

These examples point at a minor source of terminological confusion, since
they use Dung’s term ‘attack’ while Pollock always used ‘defeat’. When Dung’s
1995 paper appeared, ‘defeat’ was the standard term, not just in Pollock’s work
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Figure 4. A simpler abstract argumentation framework and three extensions

but essentially in all early work on argumentation-based inference. Current
work on the ASPICY framework [Prakken, 2010; Modgil and Prakken, 2013;
Modgil and Prakken, 2014] also uses ‘defeat’ and reserves the term ‘attack’ for
more basic, purely syntactical forms of conflicts between arguments. Defeat is
then successful attack according to some notion of argument strength or pref-
erence, an idea present in much early work on argumentation-based inference,
although usually not employing the term ‘attack’. Thus it is not ASPIC™’s at-
tack relation but its defeat relation which instantiates Dung’s notion of attack.

2.3 Other early work

Initial ideas In the same year in which Pollock published his seminal paper,
Loui [1987] appeared as arguably the first Al paper that explicitly proposed
to design nonmonotonic logics in the argumentation way. In 1992, Simari and
Loui fully formalized Loui’s [1987]’s initial ideas, which work in turn led to
the development of Defeasible Logic Programming [Garcia et al., 1998; Garcia
and Simari, 2004]. One year later, Konolige [1988] proposed an argumentation
approach as a solution to the famous Yale Shooting problem in logic-based
specifications of dynamic systems [Hanks and McDermott, 1986]. Although his
formalism was still rather rudimentary, Konolige’s discussion anticipates many
issues and distinctions of later work, so that his paper can be regarded as one
of the forerunners of the study of argumentation-based inference.

Argumentation as a proof theory for preferential entailment Around
1990, some papers proposed argumentation as a proof theory for model-theoretic
notions of nonmonotonic consequence (preferential entailment). Baker and
Ginsberg [1989] did this for a minimal-model semantics of prioritised circum-
scription, while Geffner [1992] and Geffner and Pearl [1992] did the same for
their ‘conditional entailment’ semantics for default reasoning. The basic idea is
twofold. First, given a propositional or first-order theory, an argument is a set
or conjunction of assumptions consistent with the theory and that combined
with the theory yields conclusions; and second, arguments can be attacked by
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arguments for the negation of the attacked argument or one of its assump-
tions. This idea later became the basis for assumption-based argumentation
[Bondarenko et al., 1997], to be discussed in Section 2.4. Although the idea to
found argumentation-based inference on preferential entailment is very inter-
esting, it has since then not been further pursued.

Abstract argumentation systems Lin and Shoham [1989] were the first to
propose the idea of abstraction in structured argumentation. They developed
the notion of abstract argumentation structures with strict and defeasible rules
and they showed how a number of existing nonmonotonic logics could be re-
constructed as such structures. Gerard Vreeswijk further developed these ideas
into his abstract argumentation systems [Vreeswijk, 1991; Vreeswijk, 1993b;
Vreeswijk, 1997]. Since several of Vreeswijk’s ideas are included in today’s A.S-
PIC™ framework, it is worthwhile summarising some of his definitions. Like
Lin & Shoham, Vreeswijk defined arguments in terms of an unspecified logical
language L, only assumed to contain the symbol L, denoting ‘falsum’ or ‘con-
tradiction,” and two unspecified sets of strict (—) and defeasible (=) inference
rules defined over £. In addition, he defined the main elements that are miss-
ing in Lin & Shoham’s system, namely, notions of conflict and defeat between
arguments. Vreeswijk defined arguments as follows:

Definition 2.1 An argument o is:
1. ¢ if ¢ € L; in that case: Prem(o) = {p}, Conc(o) = ¢, Sent(c) = {p};

2. 01,...0n — @ where 01,...,0, s a finite, possibly empty sequence of
arguments such that Conc(o1) = ¢1,...,Conc(on) = ¢, for some strict
rule p1,...,0n = @, and p &€ Sent(oq1) U...USent(oy,); in this case:
Prem(c) = Prem(o;)U...UPrem(o,), Conc(o) = 1), Sent(c) = Sent(o)U
...USent(o,) U{p};

3. 01,...00 = @ where o1, ...,0, 1S a finite, possibly empty sequence of ar-
guments such that Conc(o1) = ¢1,...,Conc(o,) = ¢, for some defeasible
rule o1,...,0n = ¢, and ¢ & Sent(o1)U...USent(o,); with the further
attributes defined as in (2).

Note that this definition, unlike most other definitions of arguments in the
formal literature, excludes circular arguments.

Vreeswijk’s notion of conflicts between arguments is unusual in that a coun-
terargument is a set of arguments: a set X of arguments is incompatible with
an argument 7 iff the conclusions of XU{7} give rise to a strict argument for L.
While unusual, there is nothing obviously wrong with this kind of definition.
The reason why currently conflict is usually defined as a relation between indi-
vidual arguments is probably that such definitions better fit with Dung’s theory
of abstract argumentation frameworks. Vreeswijk’s approach might fit better
with generalisations of Dung’s theory that allow attacks from sets of arguments
to arguments [Bochman, 2003; Nielsen and Parsons, 2007b]. Recently, Baroni
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et al. [2015] have combined the ASPICT framework with a Vreeswijk-style
definition of conflict.

Conflicts can in Vreeswijk’s approach be resolved with any reflexive and tran-
sitive ordering on arguments that the user likes to adopt. A set of arguments
3 is undermined by an argument 7 if ¢ < 7 for some o € ¥. Then a set of
arguments X is a defeater of ¢ if ¥ is incompatible with ¢ and not undermined
by it.

Finally, Vreeswijk defined argument acceptability (“warrant”) with a defi-
nition that is close but not equivalent to Dung’s [1995] stable semantics. In
light of the modern theory of abstract argumentation frameworks, Vreeswijk’s
definition of warrant is, unlike the rest of his approach, somewhat premature.
This is understandable, since Vreeswijk developed his approach before 1995.

Logic-programming approaches The work on argumentation semantics for
logic-programming’s negation as failure did not only inspire Dung to develop
his theory of abstract argumentation frameworks but also gave rise to logic-
programming systems for argumentation with explicit negation. Two early
papers here were Dung [1993] and Dimopoulos and Kakas [1995]. The first
of these papers was in turn a source of inspiration for Prakken and Sartor’s
[Prakken and Sartor, 1997] argument-based logic programming system with
defeasible priorities. Theirs was arguably the first system that was explicitly
designed as an instance of Dung’s [1995] approach. Strictly speaking, it was
technically based not on Dung [1995] but on Dung [1993], but a reformulation in
terms of abstract argumentation is trivial. Like all other work reviewed so far, it
distinguished between strict and defeasible inference rules. Unlike Dimopoulos
and Kakas [1995] but like Dung [1995], its language had both explicit negation
and negation as failure, with corresponding “rebutting” attacks on defeasibly
derived conclusions and “undercutting” attacks on negation-as-failure premises.
One innovative feature was that it allowed argumentation about preferences
inside the argumentation system, while another innovative feature was that
the system had the first published argument game meant as a proof theory for
the semantics of abstract argumentation frameworks (for more on argument
games see Section 2.5.2 below).

Defeasible vs. plausible reasoning As apparent from the overview so far,
until 1993 almost all accounts of argumentation-based inference made a distinc-
tion between deductive (or ‘strict’) and defeasible inference rules, introduced in
philosophy by Pollock [1970; 1974] and in AI by Pollock [1987] and Touretzky
[1984]. This approach is still being pursued today, notably in Defeasible Logic
Programming, Defeasible Logic and the ASPICT framework. In this approach
a special definition of arguments is needed that regulates the interplay between
strict and defeasible reasons (such as the above one of Vreeswijk [1993b; 1997]),
since with two kinds of inference rules one cannot rely on a single given logi-
cal consequence notion to specify how conclusions are supported by premises.
Around 1993 an alternative approach to structured argumentation emerged,
according to which arguments are constructed in a single given deductive logic,
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obviating the need of a separate definition of an argument beyond being a
premises-conclusion pair. In understanding and relating the two approaches,
the philosophical distinction between plausible and defeasible reasoning is rele-
vant; cf. Rescher [1976; 1977] and Vreeswijk [1993b], Ch. 8. Following Rescher,
Vreeswijk described plausible reasoning as sound (i.e., deductive) reasoning on
an uncertain basis and defeasible reasoning as unsound (but still rational) rea-
soning on a solid basis. In other words, argumentation models of plausible
reasoning locate all fallibility of an argument in its premises, while argumen-
tation models of defeasible reasoning locate all fallibility in its defeasible infer-
ences. Thus plausible-reasoning approaches effectively view argumentation as
a kind of inconsistency handling, since in these approaches conflicts between
arguments can only arise if the knowledge base is inconsistent. By contrast, in
defeasible-reasoning approaches conflicts can arise from consistent knowledge
bases, since in those approaches it is the application of defeasible rules that
makes an argument fallible.

Two groups in particular initiated the plausible-reasoning approach to argu-
mentation, respectively at Queen Mary’s University in London and at INRIA
in Toulouse. Elvang-Géransson et al. [1993] conceived of arguments as premise-
conclusion pairs (0, p) where § is a subset of a possibly inconsistent database
A and there exists a natural-deduction proof of p from 4. Arguments can be
attacked in two ways: an argument (&', q) rebuts (8, p) if ¢ is logically equiva-
lent to —p and it undercuts it if ¢ is logically equivalent to —r for some r € §.
Note that Elvang-Goransson et al. thus introduced a terminological confusion
into the literature that exists until today. While they fully adopted Pollock’s
[1974; 1987]’s terminology, they only partly adopted its meaning, since Pollock
used the term ‘undercutter’ not for premise attack but for attack on the ap-
plication of a defeasible inference rule. Today, Pollock’s meaning of the term
‘undercutter’ is adopted in the ASPIC™T framework and Dung’s recent work on
structured argumentation frameworks, while Elvang-Goransson et al.’s mean-
ing is fashionable in work on classical and Tarskian argumentation.

Elvang-Goéransson et al. classified arguments into five classes of increas-
ing degrees of acceptability: arguments, consistent arguments (i.e., arguments
with consistent premises), non-rebutted consistent arguments, non-rebutted
and non-undercut consistent arguments, and “tautological” arguments (i.e.,
arguments with an empty set of premises). In light of modern work this defini-
tion of argument acceptability seems somewhat ad-hoc. Among other things, it
does not model the notions of defense and admissibility that are so beautifully
modelled by Dung [1995]. The ideas of Elvang-Goransson et al. were further
developed by Krause et al. [1995], replacing classical logic by intuitionistic logic
as the underlying logic and adding notions of argument structure and argument
strength.

Around the same time as Elvang-Goransson et al., Benferhat et al. [1993]
proposed a similar system, containing what now is the standard definition of
an argument in this approach, adding to Elvang-Goéransson et al.’s definition
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the requirements that the set of premises is consistent and subset-minimal:

Definition 2.2 Given a database X2, a set 3; C 3 is an argument for a formula

@ iff:
1. % L and
2. Xk w; and

3. forally e T;: T\ {Y}Fo

Here, - denotes classical propositional consequence. Benferhat et al. did not
define explicit notions of attack. Instead they defined ¢ to be an argumenta-
tive consequence of X if given X there exists an argument for ¢ but not for
—p. They also studied alternative consequence notions and their relations,
and refined their system with a preference relation on the database. Their
approach was related to abstract argumentation by Cayrol [1995], who among
other things proved that with Elvang-Goransson et al.’s undercutting relation
as the attack relation, the stable extensions given a database are in a one-
to-one correspondence with the database’s maximal consistent subsets. This
result was later generalised by Amgoud and Besnard [2013] for any abstract
Tarskian logic and by Modgil and Prakken [2013] in the context of the ASPIC*
framework.

The ideas of Elvang-Goransson et al. and Benferhat et al. were picked up by
e.g. Amgoud and Cayrol [1998] and Besnard and Hunter [2001] and evolved into
classical, or classical-logic argumentation [Besnard and Hunter, 2008; Gorogian-
nis and Hunter, 2011, e.g.] and its generalisations to deductive [Besnard and
Hunter, 2014] and abstract Tarskian argumentation [Amgoud and Besnard,
2013], to be further discussed below.

2.4 Structured argumentation: developments until now

While until 1995 work on structured argumentation had specific and sometimes
ad-hoc definitions of argument evaluation, since 1995 most work on structured
argumentation adopts Dung’s approach or at least explicates the relation with
it. Work that adopts Dung’s approach does so by giving definitions of the
structure of arguments and the nature of attack. Thus abstract argumentation
frameworks are generated, so that arguments can be evaluated according to
one of the abstract argumentation semantics and their acceptability status
can be used to define nonmonotonic consequence notions for their statements.
However, there is also work that deviates from Dung’s approach. In this section
I will give an overview of these research strands.

2.4.1 Argumentation models of plausible reasoning

Current argumentation models of plausible reasoning are essentially of two
kinds.
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Assumption-based argumentation Around the same time as argumen-
tation was proposed as a way of inconsistency handling in classical logic,
assumption-based argumentation (ABA) emerged from attempts to give an
argumentation-theoretic semantics to logic-programming’s negation as failure
[Bondarenko et al., 1993; Bondarenko et al., 1997]. Like the classical-logic ap-
proaches, ABA also assumes a unique ‘base logic’, which in ABA is called a
“deductive system” | consisting of set of inference rules defined over some logical
language. Given a set of so-called ‘assumptions’ formulated in the logical lan-
guage, arguments are then deductions of claims using rules and supported by
sets of assumptions. Contrary to in classical and abstract argumentation, the
premises of ABA arguments, i.e., its assumptions, do not have to be consistent.
ABA leaves both the logical language and set of inference rules unspecified in
general, so it is like Vreeswijk’s [1993b; 1997] approach and the later ASPICT
framework, an abstract framework for structured argumentation. However, un-
like t