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Abstract

This paper studies the relation between various ways to instantiate Dung’s ab-
stract argumentation frameworks. First the ASPICT framework, which explic-
itly generates abstract argumentation frameworks, is equivalently reformulated in
terms of John Pollock’s recursive labelling method, which does not explicitly gen-
erate such frameworks. The reformulation arguably facilitates more natural expla-
nations of dialectical argument evaluation. Then a variant is examined of a recent
proposal by Wyner, Bench-Capon and Dunne to instantiate abstract argumentation
frameworks without defining explicit inferential relations between arguments. The
proposal is reformulated in a way that is equivalent to ASPIC™ under some limiting
assumptions. The proof exploits the equivalence between ASPIC™ and Pollock’s
recursive labellings proven in the first part of the paper.

1 Introduction

While most current Al research on argumentation takes its point of departure in [8]’s
abstract argumentation framework, there is a tension between approaches which do or
do not specify inferential relations between arguments. Examples of the former ap-
proach are assumption-based argumentation (initiated in [6]), classical argumentation
as studied in [10], and the ASPIC(") framework of [7, 19, 15] (recently used in [22]).
Examples of the latter approach are preference-based argumentation frameworks [1],
abstract resolution semantics (initiated in [13]), [4] value-based argumentation frame-
works, [2]’s instantiation of these with an argument scheme for practical reasoning,
and [23]’s modelling of rule-based argumentation with Dung’s frameworks.

As can be seen from these references, Trevor Bench-Capon has throughout his ca-
reer explored all these ways to use Dung’s work. In [4] he took the fully abstract
approach, in [2, 23] he defined the structure of arguments but did not allow for infer-
ential relations between them, and in [22] he employed a framework that allows for
such relations. It therefore seems appropriate for this volume to further investigate
the various ways in which Dung’s work can be related to accounts of the structure of
argumentation.



In a first contribution I will show that systems for structured argumentation do not
have to explicitly produce a Dung-style abstract argumentation framework. I will do
so by proving an equivalence between ASPIC™T as formulated in [19, 15] (which ex-
plicitly produces Dung-style abstract argumentation frameworks) and a reformulation
of ASPIC* in terms of John Pollock’s [17] recursive labelling method (which does
not follow this approach). This arguably facilitates more natural explanations of the
outcome of dialectical argument evaluation. In a second contribution I will investigate
[23]’s way to model structured argumentation without defining explicit inferential re-
lations between arguments. It will turn out that this approach can be formulated in a
way that is equivalent to ASPIC™T if some limiting assumptions are made. The proof
exploits the equivalence between ASPICT and Pollock’s recursive labellings proven in
the first part of this paper. I will then conclude with some observations on the pros and
cons of abstract models of argumentation.

2 Basic formalisms

In this section I review [8]’s abstract argumentation frameworks and the ASPIC™ frame-
work. An abstract argumentation framework (AF) is a pair (A, D), where A is a set
of arguments and D C A x A is a binary relation of defeat. A semantics for AFs
returns sets of arguments called extensions, which are internally conflict-free and de-
fend themselves against attack. One way to characterise the various semantics is with
labellings.

Definition 1 A labelling of an abstract argumentation framework (A, D) is any as-
signment of either the label in or out (but not both) to zero or more arguments from A
such that:

1. an argument is in iff all arguments defeating it are out.
2. an argument is out iff it is defeated by an argument that is in.

Then stable semantics labels all arguments, while grounded semantics minimises and
preferred semantics maximises the set of arguments that are labelled in and complete
semantics allows any labelling. Relative to a semantics, an argument is justified on the
basis of an AF if it is labelled in in all labellings, it is overruled if it is labelled out in
all labellings, and it is defensible if it is neither justified nor overruled.

The ASPICY framework [19] gives structure to Dung’s arguments and defeat re-
lation. It defines arguments as inference trees formed by applying strict or defeasible
inference rules to premises formulated in some logical language. Informally, if an in-
ference rule’s antecedents are accepted, then if the rule is strict, its consequent must
be accepted no matter what, while if the rule is defeasible, its consequent must be ac-
cepted if there are no good reasons not to accept it. Arguments can be attacked on their
(non-axiom) premises and on their applications of defeasible inference rules. Some at-
tacks succeed as defeats, which is partly determined by preferences. The acceptability
status of arguments is then defined by applying any of [8] semantics for abstract argu-
mentation frameworks to the resulting set of arguments with its defeat relation.



ASPIC™ is not a system but a framework for specifying systems. It defines the
notion of an abstract argumentation system as a structure consisting of a logical lan-
guage L closed under negation', a set R consisting of two subsets R, and R4 of strict
and defeasible inference rules, and a naming convention n in £ for defeasible rules in
order to talk about the applicability of defeasible rules in £. Thus, informally, n(r) is
a wif in £ which says that rule 7 € R is applicable. ASPICt as a framework does not
make any assumptions on how the elements of an argumentation system are defined.
In ASPICT argumentation systems are applied to knowledge bases to generate argu-
ments and counterarguments. Combining these with an argument ordering results in
argumentation theories, which generate Dung-style AF's.

Definition 2 [Argumentation systems] An argumentation system is a triple AS =
(L, R,n) where:

e [ is alogical language closed under negation (—).

e R = R, UTRy, is a set of strict (R) and defeasible (R;) inference rules of
the form 1, ..., p, — ¢ and @1, ..., @, = @ respectively (where ¢;, @ are
meta-variables ranging over wff in £), and Rs N R4 = ().

e n: Ry — L is a naming convention for defeasible rules.
We write 1) = —¢ justin case ¥ = —p or ¢ = —.

Definition 3 [Knowledge bases] A knowledge baseinan AS = (L,R,n)isaset  C
L consisting of two disjoint subsets C,, (the axioms) and IC,, (the ordinary premises).

Intuitively, the axioms are certain knowledge and thus cannot be attacked, whereas
the ordinary premises are uncertain and thus can be attacked.

Arguments can be constructed step-by-step from knowledge bases by chaining in-
ference rules into trees. In what follows, for a given argument the function Prem returns
all its premises, Conc returns its conclusion and Sub returns all its sub-arguments.

Definition 4 [Arguments] An argument A on the basis of a knowledge base K B in
an argumentation system (£, R,n) is:

1. ¢if p € K with: Prem(A) = {¢}; Conc(A4) = ¢; Sub(A) = {¢}; TopRule(A)
= undefined.

2. Ay,... A, =/=pif Ay, ..., A, are arguments such that there exists a strict/defeasible
rule Conc(Ay),...,Conc(A4,) =/= ¥ in Rs/Rg.
Prem(A) = Prem(A;)U...UPrem(4,), Conc(A) = 9, Sub(A) = Sub(4;) U
...USub(4,,) U{A}; TopRule(A) = Conc(A4;),...,Conc(A,) —/= 1.

Arguments can be attacked in three ways: on their premises (undermining attack),
on their conclusion (rebutting attack) or on an inference step (undercutting attack). The
latter two are only possible on applications of defeasible inference rules.

"In most papers on ASPIC* negation can be non-symmetric, an idea taken from [6]. In this paper we
present the special case with symmetric negation.



Definition 5 [Attack] A attacks B iff A undercuts, rebuts or undermines B, where:

o A undercuts argument B (on B') iff Conc(A) = —n(r) and B’ € Sub(B) such that
B"’s top rule r is defeasible.

e A rebuts argument B (on B') iff Conc(A) = —¢ for some B’ € Sub(B) of the form
B,...,Bl = o.

e Argument A undermines B (on B') iff Conc(A) = —¢ for some B’ = ¢, ¢ & K,,.

Undercutting attacks succeed as defeats independently of preferences over arguments,
since they express exceptions to defeasible inference rules. Rebutting and undermin-
ing attacks succeed only if the attacked argument is not stronger than the attacking
argument.

Definition 6 [Defeat] A defeats B iff: A undercuts B, or; A rebuts/undermines B on
B’'and A £ B'.

Note that the definitions of attack and defeat explicitly take the subargument relations
between arguments into account. In fact, it was recently shown in [20] and [14] that in-
stantiations of Dung’s framework that do not do so are severely limited in applicability
and run the risk of producing counterintuitive consequences.

Definition 7 Let AT be an argumentation theory (AS, KB). A structured argumen-
tation framework (SAF) defined by AT, is a triple (A, C, < ) where A is the set of all
finite arguments constructed from K B in AS, =< is an ordering on 4, and (X,Y) € C
iff X attacks Y.

Abstract argumentation frameworks are then generated as follows:

Definition 8 [Argumentation frameworks] An abstract argumentation framework
(AF) corresponding to a SAF = (A, C, <) is a pair (A, D) such that D is the de-
feat relation on A determined by SAF.

Now one way to define the justification status of an argument is as follows (other defi-
nitions are possible but for present purposes they do not matter):

Definition 9 A wff ¢ € L is justified if ¢ is the conclusion of a justified argument, de-
fensible if ¢ is not justified but the conclusion of a defensible argument, and overruled
if ¢ is defeated by a justified argument.

3 Labellings vs. recursive labellings

My view on [8]’s work has always been that it has to be used as the final component
of a full-fledged argumentation logic, to define a nonmonotonic consequence notion
for the logic. First the structure of arguments must be defined, which will in general
be recursive to reflect the step-by-step nature of argumentation. Then a defeat relation
must be defined, which will in general have to distinguish between direct and indirect
defeat, because of the recursive structure of arguments. Then the resulting set of argu-
ments and the defeat relation defined over it are taken to be a Dung AF'. Adopting a
semantics for the AF’ then yields the consequence notion for the logic.



While theoretically this works fine, a practical drawback is that in the thus induced
Dung AF the distinction between direct and indirect defeat is left implicit, since in a
Dung AF the subargument relation between arguments cannot be shown. For presen-
tation purposes this is somewhat unnatural. Consider the following example of a civil
legal case, adapted from [21]. Assume that in a medical malpractice case, a doctor is
liable for compensation if the patient was injured because of the doctor’s negligence,
and that if a patient is injured in a non-risky operation, this is negligence. We also
have that an appendicitis operation generally is a non-risky operation but that opera-
tions on patients with bad blood circulation are generally risky. Assume finally, that a
given patient was injured in an appendicitis operation and that two medical tests gave
contradicting results on whether the patient had bad blood circulation. This all can be
represented with the following facts and defeasible rules (R consists of ;-1 while /C
consists of f;-f4; note that for convenience we here use the ASPIC™ rules in domain-
specific ways).

ri:  injury, negligence = compensation fir injury

ro:  injury, — risky operation = negligence far  appendicitis
r3:  appendicitis = — riskyOperation fs:  medicalTestl
r4:  badCirculation = riskyOperation fa:  medicalTest2

rs:  medicalTlest] = badCirculation
re:  medicalTest2 = — badCirculation

We then have the following arguments:

Aq: injury By medicalTestsl

Ao appendicitis Bs: By = badCirculation
Az As = —riskyOperation Bs: By = riskyOperation
Ay Ay, As = negligence

As:. Ay, Ay = compensation C1:  medicalTests2

Cy:  Ci = — badCirculation

Let us first concentrate on the attack relations between the arguments. At first sight
it would seem that we have three arguments A = A;-As, B = B;-Bs and C = (-
C5, such that both A and B and B and C mutually attack each other as in Figure 1.
However, upon closer investigation things are more complicated. First, we have not

Figure 1: Abstract attack graph (simplistic)

three but ten arguments. Second, we have not four but seven attack relations: Az and
Bjs directly rebut each other and as a consequence B3 indirectly rebuts both A4 and As,
namely on As. Likewise, Bs and (' directly rebut each other and as a consequence
C5 indirectly rebuts B3, namely on By. So the full abstract attack graph induced by
the ASPIC attack relations is as in Figure 2. In this graph the information is lost that
some attack arrows duplicate other attack arrows. For example, the arrows from Bs to
Ay and Aj duplicate the arrow from Bs to As.
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Figure 2: Abstract attack graph (correct)

Therefore, this graph does not adequately show a decision maker which conflicts
have to be resolved. When faced with this graph, a decision maker might think that
s/he has to determine of seven attack relations whether they result in defeat, but in fact
s/he has to determine this for only four attack relations, namely, those between A3 and
B and between By and Cs. (This in fact illustrates the problems with Preference-
based abstract AFs [1] and abstract resolution semantics [3], since these approaches
cannot recognise that some defeat relations duplicate other defeat relations.) If the
attacks are resolved according to Definition 6 then the indirectly defeat relations are
correctly computed on the basis of the direct defeat relations, resulting in an abstract
argumentation framework with the intuitive outcome. For example, suppose that A3 <
B3 and By < (3. Then we obtain Figure 3 (which shows the unique labelling in all
semantics, in which the arguments that are in are coloured gray). However, even though
this outcome is intuitive, the process of obtaining it from the abstract attack graph is
not well explained by these graphics.

Moreover, the result of the abstract AF has to be transported back with Definition 9
to the SAF that induced it, which tells us that Bs and B3 are out in all labellings while
all other arguments are in in all labellings. Graphically this can be displayed as in
Figure 4. Now this graph suggests a more intuitive way to explain how the status of
As can be evaluated: Ajs is in since it has no direct defeaters and both of its direct
subarguments A; and A, are in. In turn, A; is in since it is an undefeated fact while
Ay is in since it has no direct defeaters and both of its direct subarguments A; and A3
are in. In turn, Ag is in since, firstly, its direct defeater Bjs is out and, secondly, its
direct subargument As is insince it is an undefeated fact. Finally, Bs is out since it has
a direct defeater that is in namely, C5, which is is preferred over B3 and which direct
subargument C's is in since it is an undefeated fact.

Such an explanation arguably shows more clearly why an argument has a certain
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Figure 3: Abstract argumentation framework

status, since it looks at both the defeat relations and the inferential support relations
between the arguments. In fact, such an explanation directly follows Pollock’s [17]
recursive definition of ‘defeat status assignments’ (two other systems with similar re-
cursive definitions are Defeasible Logic [16] and Carneades [9]). I will therefore in the
next section adapt this definition to ASPICT and then prove equivalence with Defini-
tion 1 of labellings for ASPIC™.

4 Recursive labellings

To adapt Pollock’s [17] recursive definition of ‘defeat status assignments’ to ASPIC™,
first the definitions of attack and defeat must be adapted; as in [17] they now only
capture direct attack and defeat while their indirect counterparts will now be considered
by the recursive labelling definition.

Definition 10 [p-Attack] A p-attacks B iff A p-undercuts, p-rebuts or p-undermines
B, where:

o A p-undercuts argument B iff Conc(A) = —n(r) and B has a defeasible top rule r.
e A p-rebuts argument B iff Conc(A) = —Conc(B) and B has a defeasible top rule.
e Argument A p-undermines B iff Conc(A) = —p and B=p, ¢ € K,,.

In our example we have that A3 and Bs p-attack each other but By does not p-
attack A4 or As. Likewise, By and Cs p-attack each other but Cs does not p-attack
Bs.

Definition 11 [p-Defeat] A p-defeats B iff: A p-undercuts B, or; A p-rebuts/p-undermines
Band A £ B.
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Figure 4: ASPIC+ framework

It is easy to verify that:
Proposition 1 A defeats B iff A p-defeats B or a proper subargument of B.
Proof:

e A undermines B iff:
Conc(A) = —pand B = ¢, ¢ € K, or A undermines some subargument B’ of
B such that B’ is a premise of B; iff:
A p-defeats B or a proper subargument of B.

e A rebuts B iff:

Conc(A) = —Conc(B) and B has a defeasible top rule or for some subargument
B’ of B it holds that Conc(A) = —Conc(B’) and B’ has a defeasible top rule;
iff:

A p-rebuts B or a proper subargument of B.

e A undercuts B iff:
Conc(A) = —n(r) and B has a defeasible top rule r or for some subargument
B’ of B it holds that Conc(A) = —n(r) and B’ has a defeasible top rule r; iff:
A p-undercuts B or a proper subargument of B.

Then the proposition easily follows. [J

Definition 12 A p-structured argumentation framework (pSAF) defined by an argu-
mentation theory AT = (AS, KB) is a triple (A, CP, <) where A is the set of all



arguments constructed from K B in AS, < is an ordering on A4, and (X,Y) € CP iff
X p-attacks Y.

Definition 13 [p-Argumentation frameworks] A p-abstract argumentation frame-
work (pAF) corresponding to a pSAF = (A, CP, <) is a pair (A, D) such that D is the
p-defeat relation on .4 determined by pSAF.

Definition 14 [p-labellings.]

1. (In,Out) is a p-labelling of a pAF iff In N Out = () and for all A € Apap it
holds that:

(a) A islabelled in iff:

i. All arguments that p-defeat A are labelled out; and

ii. If Ais of the form By,...,B, — / = ¢ thenall of By,..., B, are
labelled in; and

(b) A is labelled out iff:

i. Ais p-defeated by an argument that is labelled in; or

ii. Ais of the form By,...,B,, — / = ¢ and some of By,..., B, are
labelled out.

The notions of complete, stable, preferred and grounded labellings are defined
as above.

Theorem 2 (In,Out) is a p-labelling of pAF corresponding to pSAF = (A, CP, <)
iff (In, Out) is a labelling of AF corresponding to SAF = (A, C, X ).

Proof:

From left to right, assume first that A is in. We first prove by induction on the structure
of A that all subarguments of A are in. For A € K this holds trivially. If A is of the
form By,...,B, — / = ¢ then if A is in, by definition of p-labellings also all of
By, ..., B, are in. By the induction hypothesis all subarguments of all of B, ..., B,
are also in, but then all subarguments of A are in. Now since A is in, we have that all
B that p-defeat A are out and all subarguments of A are in. Then all B that p-defeat A
are out and all B that p-defeat a subargument of A are out, but then all B that defeat A
are out. So constraint (1) on labellings is satisfied.

Assume next that A is out. We prove by induction that A is defeated by some
argument that is in, in which case constraint (2) on labellings is satisfied. For A € IC
this holds trivially, while if A is of the form By, ..., B, — / = ¢ then either some
B that p-defeats A is in or some B; is out. In the first case, B also defeats A. In the
second case, by the induction hypothesis B; is defeated by an argument that is in. But
then A is defeated by the same argument.

From right to left, assume first that A is in. Then all B that defeat A are our. But
then all B that p-defeat A or a proper subargument of A are out. Next we prove by
induction that all proper subarguments of A are in. This is trivial if A € K. Suppose
next A is of the form By,...,B, — / = . Then by the induction hypothesis for



all of By, ..., By, all their proper subarguments, including the immediate ones, are in.
Moreover, by assumption all p-defeaters of any such B; are out. But then all B; are in.
Then constraint (1) on p-labellings is satisfied.

Assume next that A is out. Then A is defeated by an argument that is in. But then
either A or a proper subargument A’ of A is p-defeated by an argument B that is in. In
the first case, constraint (2) of p-labellings is satisfied. In the second case A is of the
form By,..., B, — / = ¢. Note that A’ is out and that A’ is a subargument of some
B;. But then B defeats B;, so since B is in we have that B; is out. So constraint (2) on
p-labellings is satisfied. [J

Since the sets that are labelled, respectively, p-labelled are the same, it immediately
follows that the equivalence also holds for the notions of stable, preferred and grounded
labellings.

This result is very similar to Hadassa Jakobovits’ results in [11, 12] that Pollock’s
[17] ‘labellings’ for his inference graphs are equivalent to preferred semantics and
that his ‘partial labellings’ are equivalent to her ‘rooted complete labellings’. The
main difference is that Pollock’s inference graphs are not the same as ASPIC™ SAFs
(although equivalence should be easy to prove).

With these equivalences established, there is no need any more to translate an AS-
PIC* argumentation theory into a Dung-style abstract argumentation framework. In-
stead, the labellings of arguments and the corresponding status of their conclusions can
be shown inductively, which, as explained at the end of Section 3, is arguably more
natural.

5 Argument structure in purely abstract frameworks

In the second part of the paper I want investigate an idea originally proposed by [23].
Their idea is that arguments in a Dung AF are instantiated as a rule and that the step-
by-step nature of arguments is induced by allowing such rules to be attacked by special
arguments challenging one of their antecedents, and to in turn allow these arguments
to be attacked by a rule with as consequent the challenged antecedent. I will formalise
this idea in the definition of a wbd-argumentation theory (wbd-AF), in which, given
an ASPIC* argumentation theory, arguments are either rules or items from the knowl-
edge base or why ¢ moves for any ¢ that is an antecedent of some rule. My aim then
is to translate such a wbd-AF into an ASPIC*-induced pAF and then to investigate
correspondences between the labellings of a wbd-AF and the p-labellings of the cor-
responding pAF as defined above. If any correspondence is found, then the results of
the previous section make it carry over to the Dungean semantics of ASPIC*-induced
AFs.

It will turn out that correspondences can be found but only under some limiting
assumptions. The point is that in the new approach the success of an attack as de-
feat should completely depend on the last of the arguments, that is, on their top rules.
This at least requires that arguments are compared with a last-link argument ordering.
Moreover, it excludes the use of non-axiom premises and even the use of strict rules.
To see the latter, consider the following example, in which a defeasible rule is attacked
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by a strict rule:

pP=r14q
r— 7q

In ASPIC* with last-link comparison, whether a rebuttal with a strict top rule succeeds
depends on how the antecedents of the strict rule (in this case r) are derived. For
example, if we have

S =T
ry < To

Then the attack with the strict rule succeeds but if we have

t =37
r. < T

then the attack with the strict rule does not succeed. So whether the attack with the
strict rule succeeds depends on how a why r attack on the strict rule is counterattacked.
So to make [23]’s approach work in general the argument ordering of the wbd-style
arguments must be made dependent on the ways the antecedents of the rules can be
derived but this defeats the idea of the approach (this is why the nodes in [17]’s defeat
graphs are not just well-formed formulas but ‘lines of argument’ encoding the way a
formula is derived; thus if a formula can be derived in more than one way, the graph
contains more than one node with the same formula). In fact, this is a problem for any
model that defines the evaluation of arguments in a top-down manner without fully con-
structing the argument before evaluating it, such as also my own dialogue framework
in [18]. In that paper I made an assumption that ‘backwards extending’ an argument
in reply to why moves cannot make an argument weaker, but then I did not realise how
strong that assumption is.

For these reasons I will from now on assume that the set of strict rules is empty
and that all premises are axioms. Then with the last link ordering the preference re-
lation between two rule arguments solely depends on their last rules. Note also that
in ASPIC™ rebutting an argument with an item from K,, always succeeds, since strict-
and-firm arguments (that is, arguments with only strict rules and only axiom premises)
are always preferred over all other arguments.

As for the attack relations in the wbd approach, defeasible rules are attacked by
any undercutting rule, by any defeasible rule with contradictory consequent, by any
item from the knowledge base that contradicts its consequent, and by a why ¢ move
for any antecedent ¢ of the rule. Items from the knowledge base have no attackers
while why ¢ moves are attacked by any rule with consequent . Table 1 lists all these
well-formed arguments and attacks (it assumes all mentioned rules to be in R4; for
convenience, their informal name is sometimes subscripted to the arrow). The defeat
relation now equals the attack relation except that an attack of a defeasible rule with a
contradictory consequent only succeeds if the attacker is not inferior to its target, that
is, only if " < r. This induces a wbd-AF, that is, a set of arguments in the just-defined
sense with a binary relation of defeat. Formally all this amounts to the following:

Definition 15 Let AS be any argumentation system with no strict rules, K B a knowl-
edge base with no ordinary premises, A9 the set of all arguments given K B and AS as

11



Table 1: wbd arguments and attacks

| Arguments | Attacks |
v (p €K)
Py pn = @ || Why 0 (03 € {p1,- .., 0n})
—p (p €K)
—n(r) (p € K)
Pl1y---5Pn = —¥
DLy ey on = —n(T)
why ¢ Plyeey P =7 @
v (p €K)

defined in Table 1, CY the attack relation on A9 as defined in Table 1 and < an ordering
on R,4. Then the wbd argumentation framework corresponding to (AS, KB,<) is a
pair wbd-AF = (A9, DY) where DY is the defeat relation on A9 defined by C9 and <
as follows: A defeats B iff A attacks B and, in case the attack is as in the fifth line of
Table 1, r" £ r.

A pSAF corresponding to (AS, KB, <) is atriple (A, C, <) where < is the last-link
ordering on A induced by < as defined in [15]. A pAF corresponding to (AS, KB, <)
is the pAF corresponding to pSAF as defined in Definition 13.

A wbd-AF is completed if it (1) contains every possible attack and (2) has no unan-
swered why attacks and (3) K and R, are defined such that no attack cycles through
why moves are possible (that is, circular arguments are excluded).

Labellings of completed wbd-AF's are now defined in the usual way of Definition 1.

In fact, I am only interested in wbd-AF's that are ‘grounded’ in the knowledge base.
Therefore, from now on I will implicitly assume that all wbd-AFs are completed. Then
a given whd-AF is converted to a pAF as follows:

Definition 16 For any wbd-AF G = (A9, DY) the corresponding pAF GP = (AP, DP)
is inductively defined as follows.

1. Aec AP iff:

(a) Aec A9and A € K;or

(b) A is of the form By, ..., B, = ¢ and Conc(B1),...,Conc(B,) = ¢ €
A9 and all of By, ..., B, are in AP.

2. (A,B) e Driff A,B € AP and Bhasatoprule r and (i) A € K or (ii) A has a
top rule Conc(A;y),...,Conc(A,) = ¢ and (+',r) € DI.

Figure 5 visualises the wbd-AF corresponding to the example of Section 3. It assumes
that 75 < rg and r3 < 74, corresponding to the last-link argument ordering A3 < B3
and By < Cs of our medical negligence example”

Defeasible rules are written with — instead of = since my drawing program has no double arrow.

12
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Figure 5: wbd argumentation framework

Proposition 3 For any wbd-AF G = (A9, DY) corresponding to (K B, AS, <) with
corresponding pAF GP = (AP, DP), and any pSAF = (A, D):

1. Ais an argument in AP iff A is an argument in A.
2. (A,B) € DPiff (A, B) € D.

Proof:
Proof of (1): From left to right follows from the fact that all arguments in .A” only
use elements from R4 and K and the structural similarity between Definition 16(1,2)
and Definition 4. From right to left is proven with induction on the structure of argu-
ments. For elements of K this follows immediately from the fact that G is completed.
Consider next any argument on the basis of AT of the form A;,..., A, = ¢. Then
by the induction hypothesis all of Ay,..., A, are in AP. Moreover, by construction
of AP we have that for all such A;, either A; € K so A; € A9 or A; is of the form
Conc(Bi),...,Conc(By) = ¢ sor; € A9. But then any why Conc(A4;) attack on
A can be counterattacked by A; or r;, so since G is completed, A € .49. But then
A € AP by clause (2) of Definition 16.
Proof of (2):

From left to right: If (A, B) € DP then B has a defeasible top rule r. If A € K or
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A has conclusion —n(r) then A p-defeats B regardless of the rule priorities. If A has a
defeasible top rule r’ then 1’ £ r since (/,7) € DI. But then A successfully p-rebuts
B, so A p-defeats B.

From right to left, note first that by (1) both A and B are in AP and then by defi-
nition of AP, A and B are either themselves in .49 as elements of /C or their top rules
are in AY. Then because of the restrictive assumptions on AT in Definition 15 it holds
that A p-defeats B iff B has a defeasible top rule » and either (1) A € I, in which
case (A, B) € DP since (A,r) € D9 by row (3) of Table 1, or (2) A has a defeasible
top rule ' with (2a) consequent —n(r), in which case (A, B) € DP? since (1, 1) € DY
by row (4) of Table 1, or with (2b) consequent — (where ¢ is the consequent of r), in
which case (A4, B) € DP since (', 7) € DI by row (5) of Table 1 and 7/ £ r. O

It can be shown that in a wbd-AF all arguments in the corresponding pAF are ‘hid-
den’. Such hidden arguments are first defined as follows, after which it will be shown
that together they correspond to the arguments of the corresponding pAF.

Definition 17 For each non-why argument A in G a directed acyclic graph T' = (N, L)
is inductively defined as follows:

1. (No, Lo) = ({A},0)
2.

(@) N;yy1 = N; U {A*}if A* is some argument in G that attacks some why-
attacker B of some argument A* € N; such that no attacker of B is in IV;,
otherwise N;;,, = N;;

(b) Liy1 = L; U{(A*, A") | A* € N, and Conc(A*) € Ant(A%)} if some A*
as defined under (a) exists, otherwise L;1; = L;.

T4 denotes for any non-why argument A € G the set of all such graphs T for A, while
TS denotes the set of all A” for any non-why argument A in G.

Definition 18 Let G be a whd-AF with corresponding pAF GP?. For any AT € T,
the corresponding argument AP is defined as follows:

1. If AT € K then AP = AT,

2. If the root of AT isin R then AP is of the form Ay, ..., A,, = Conc(T), where
Aq,..., A, correspond to the subtrees AT', ... AT™ of AT starting with A’s
children.

Definitions 17 and 18 are illustrated by the structural similarity of Figures 4 and 5.
The idea is that in Figure 5 all why moves are removed and the thus disconnected rules
and facts are connected by support links.

Proposition 4 For any wbd-AF G with corresponding pAF G?:

1. forany AT € T its corresponding argument AP is in G?;
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2. for any argument A in GP there exists a unique 7 € T'“ such that A corresponds
to T

Proof:

Proof of (1): For elements in /C this is obvious. Next, the induction hypothesis is
that for any AT € T all trees BT', ..., BT™ for all children By,...,B, of Ain
T correspond to an argument in GP. By construction of A7 we have that G' contains
arule Conc(By),...,Conc(B,) = Conc(A) so by construction of G” it holds that
By,...,B, = Conc(A) is an argument in G?; moreover, this argument corresponds
to AT

Proof of (2): Suppose A € GP. If A € K then (A4,()) € TS. Assume next A
is of the form By,...,B, = B and all B; correspond to some unique 7; € TG,
By construction of GP we have that Conc(B),...,Conc(B,) = Conc(4) € G.
Then since G is completed, (N, L) € T¢ where N = Ty,...,T,, U{A} and L =
Ly,...,L, U{(B1,A),...,(Bn,A)}. Finally, by construction, (N, L) is unique in
this sense. [

Corollary 5 Any A € G that is not a why argument is either in G? or a top rule of
some argument in GP. And any rule or premise of an argument G? is an argument in
G.

Proof:
The second holds by construction of G?, while the first follows since any A” corre-
sponds to an argument in G as specified in Proposition 4(1). O

Lemma 6 For any labelling L of a wbd-AF G, any A € G is labelled in in L iff all
defeaters of A are our in L and for some T' € T4, all children of A in T are inin L.

Proof:

From right to left is immediate, as is the first part from left to right. For the remainder,
note that among all defeaters of A that are out in L are all its why attackers. Then
each such attacker has an attacker from IC or R that is in. But then by construction of
T4 every set consisting of one such attacker for every why attacker of A is for some
T € T the set of all children of A in 7. [J

Lemma 7 For any whd-AF G with corresponding pAF G? and all AT and BT in GT
it holds that B defeats A iff BP defeats AP for any AP and B? in G? corresponding to
AT and BT .

Proof: obvious.

Now the following correspondences can be proven between labellings of G' and GP.

Theorem 8 Let G be a completed wbd-AF corresponding to (AS, KB, <) with cor-
responding pAF GP and let pAF’ correspond to (AS, K B, <). Then for any ¢ € L it
holds that o is defensible (justified) on the basis of G iff  is defensible (justified) on
the basis of GP? iff p is defensible (justified) on the basis of pAF"’.

Proof:
This is proven by proving the following observations:

15



1. Any non-why argument A € G is in in some labelling (all labellings) of G iff
for some T' € AT the argument corresponding to 7 is in in some p-labelling (all
p-labellings) of GP.

2. Any argument A € GP? is in in some p-labelling (all p-labellings) of G? iff A7 is
in in some labelling (all labellings) of G, where A” is the root of some T € T¢
such that A corresponds to 7T'.

3. (1) and (2) also hold if G? is replaced by pAF’.

Then (1) and (2) follow from the structural similarity between any A” and its corre-
sponding argument in GP and Proposition 4, Corollary 5 and Lemmas 6 and 7. The
idea from left to right is that any labelling of G corresponds via T'¢ with a p-labelling
of GP, since the set of all arguments in GP corresponding to any element of T is
precisely the set of all arguments in G”. For the same reason, from right to left any
p-labelling of GP corresponds via T to a labelling of G.

Finally, (3) follows from (1), (2) and Proposition 3. []

This result is illustrated by the correspondence between the (unique) labelling of Fig-
ure 5 and the (also unique) p-labelling of Figure 4. A further illustration is given by the
following example:

p=r1q
T=r2 D
S =r3 P
=>rd4 S

=r5 TS
K ={r}

e <7Tp

This induces the wbd-AF of Figure 6 on the left, with its corresponding pAF on the
right. This wbd-AF has a unique labelling in all semantics, in which p =, ¢ is in, but
the corresponding GP contains two alternative arguments with top rule 71, one of which
is in but the other is out in the (unique) p-labelling of GP. This example thus shows that
in general labellings of a wbd-AF do not have the same meaning as (p)-labellings of
SAFs or pSAFS. In a wbd-labelling, that a rule is in means that there is some acceptable
way of deriving its antecedents. By contrast, in a p-labelling, that an argument is in
means that this argument with a specifically indicated way of deriving the antecedents
of its top rule is acceptable.

Finally, I briefly compare the approach of this section with [23]. There are some
minor differences: [23] make some specific assumptions on the logical object language,
which they assume to just consist of propositional literals, that is, atoms and their
negations; furthermore, they replace a why attack on a rule antecedent by an attack
with the contradictory literal. A more important difference is that [23] do not assume
a knowledge base but allow atomic arguments for any literal; moreover, such literals
can not only be (asymmetrically) attacked by a rule for the original literal but also
(symmetrically) by the original literal. As a consequence, the focus in [23] is not on
deriving arguments from a knowledge base, which makes a detailed comparison with
the present approach not straightforward.
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6 Conclusion

This paper has investigated three ways to instantiate [8]’s abstract argumentation frame-
work. The investigations have provided some reasons to believe that when the aim is to
model realistic argumentation, too much focus on abstract argumentation frameworks
may be harmful. First some presentational drawbacks were identified of systems for
structured argumentation with inferential relations between arguments that explicitly
model argument evaluation in terms of abstract argumentation frameworks. It was
shown that these systems can be reformulated in a way that incorporates Dung’s se-
mantics in a stepwise evaluation of arguments, which arguably facilitates more natural
explanations of dialectical argumentation evaluation. Then a method for modelling the
evaluation of arguments with structure was examined in which the inferential relations
between arguments are not taken into account. It turned out that this method only
works well under some limiting assumptions, which do not need to be made in a model
like ASPIC™ that explicitly models inferential relations between arguments. Thus this
paper adds to a growing body of evidence (cf. [20, 14] that adequate models of real-
istic argumentation should take both the structure of arguments and their inferential
relations into account.

7 Afterword — some personal notes on Trevor Bench-
Capon and his work

I first met Trevor Bench-Capon at JURIX 1990 in Leiden, The Netherlands, but it was
not until the late 1990s that we became closer, starting with a visit by me in april that
year to Liverpool, and continued during the famous Bonskeid meeting on argumenta-
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tion in the Scottish hills in the summer of 2000, where we used to play an outdoors
game of chess after every lunch and dinner (chess may be the only field at which I
can (only slightly) top Trevor’s level. Even with table tennis I suffered some terrible
defeats). During my stay in Liverpool in 1999 I gave a talk in which, among other
things, I summarised Dung’s famous work on abstract argumentation frameworks. If
I remember correctly, then neither Trevor nor his close colleague Paul Dunne knew
Dung’s work at the time. I still remember that especially Paul asked me many ques-
tions about Dung’s work during and after my talk, and later it turned out that my visit
to Liverpool had sparked a long series of Al journal publications by the two them (I am
glad to see that Paul acknowledges my modest historical role in his contribution to this
volume).

Over the years Trevor and I found ourselves interacting more and more during
conferences and later during the ASPIC project, always to my great pleasure, because
of Trevor’s intelligence, his knowledge of just about everything, his wisdom and his
unbeatable sense of humour. One of the great joys of discussing research with Trevor
is that he often shows you another way of looking at things. However, if this way is not
quite yours, then such discussions do not always spark immediate collaboration. This
may be one of the reasons why we started collaborating relatively late, namely in 2006,
during a new visit of me to Liverpool, now for one month.

One of the points at which we did not always fully agree was how the structure
of arguments should be accounted for in the context of Dung’s abstract frameworks.
Although we both agreed and still agree that Dung’s work is a great formal tool for
the study of argumentation, I have always thought that it should be combined with ac-
counts of the structure of arguments and their inferential relations. In recent years I
have become increasingly concerned about the dominance of purely abstract research
on argumentation in our field, and in some recent papers I have (partly with Sanjay
Modgil) identified some pittfalls of fully abstract approaches [20, 14]. I always found
it slightly unfortunate that one of Trevor’s best ideas ever (the inclusion of values in
models of argumentation) was first formalised at the fully abstract level. Indeed, our
first joint publication [5] was an attempt to re-model Trevor’s idea (as meanwhile elab-
orated with Katie Atkinson) in terms of an account of structured argumentation (in
fact a preliminary version of the ASPIC™T framework). The work on this paper was a
real joy for me (I still have great memories of our exciting lunch-time conversations at
Costa’s), but I had the impression that Trevor was at that time not yet fully convinced
that the ASPIC™ -like technical machinery we used is useful. In fact, during one of
our lunch meetings he showed me on a napkin how the structure of arguments can be
accounted for purely within Dung’s abstract frameworks. At that time I found his idea
quite exotic, but later I came to realise that it made perfect sense. Section 5 of this
paper has been an attempt to acknowledge this by relating Trevor’s idea to ASPIC™.

Whatever the merits are of fully abstract approaches to argumentation, the main
idea of Trevor’s [4], namely that practical argumentation needs to take societal values
into account, has been extremely influential in recent years, and rightly so. More-
over, Trevor now also acknowledges the benefits of combining abstract with structured
fameworks for argumentation, witness, for example, our recent joint work with Adam
Wyner and Katie Atkinson on formalising argument schemes for legal case-based rea-
soning in ASPIC+ [22]. T hope I am not too unmodest if I claim that this (besides
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bringing Dung’s gospel to Merseyside) is one small point at which I have been able
to influence Trevor’s work. If so, then this is just a small and insufficient return for
the many great insights that he gave me and the many enjoyable moments I could have
with him. I truly hope that there will be many more of such moments to come.
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