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Abstract

In this paper Dung’s abstract argumentation framework (£f]) |s being gen-
eralized by introducingnested attacks Attacks are allowed not only on single
arguments (e.gz — b), but on the attacks themselves as welH (b — ¢)). Key
terms of Dung’s account of abstract argumentation are adjusteceftedh argu-
mentation frameworks (henceforth NAF) in a way which preserves thrgjmal
meaning. In addition, the proof theory based on adaptive logics fdraabsrgu-
mentation introduced in3}] for NAFs is being extended and adjusted for nested
attacks.

1 Introduction

In this paper an enhancement of the argumentation framedfk introduced by
Dung in [23] is proposed, which allows, beside the standard attacksdset single
arguments, for arguments attacking attacks as well. Sugsted attackan be repre-
sented as¢ - (a - b) ord — (¢ - (a — b)) where >’ represents the attack relation
and lower case letters represent arguments. The idea vimggtthis enhancement lays
in the nature of argumentation and its dynamics. Argumeamdsdtack relations consti-
tuting an AF are usually open structures, which can be er@bgl new arguments, i.e.
counterarguments. Sometimes a new counterargument nogtendirected towards
another argument but towards the attack relation itseke Tar instance the following
argumentative situation:

Ay “Cleopatra had grandchildren, so she must have had a sodarghter.”

A, “But you got that information from a historical novel, s@ihot very reliable.”

Ag: "The author of the historical novel used a historical study

So far nothing exceptional happened. The situation can &i¢yenodelled by a stan-
dard AF: A - As — A;. But let us alter the third argument:

As: “Ahistorical study shows that there really was a persotedaCleopatra who lived
at the given time in Egypt and had a son.”

ArgumentA; states something different thatf; since it says nothing about the his-
torical novel and its sources. Furthermore, a person gtatincould actually agree
with A,. Therefore, A3 can be seen as attacking the attack frépto A, rather than



attackingA, itself. As aresult, if we take into account an AF consistinfyof A, A
and A3z, we will have all three arguments belonging to an admissktension, which
corresponds to our intuition about the dynamics of natuglimentation. Moreover,
there can be a nested attack attacking another nested.dtttaks extend our example
with the following two arguments:

A$: “But your study is based on unreliable data.”

A% “Another study shows that Cleopatra didn’t have any cleitdt

There is an obvious difference between these two argumenhite A’ clearly attacks
Az, A attacks the attack relation frody to (A, — A;). The argumentative situation
consisting of all of the arguments mentioned in the examaltele illustrated by the
diagram below.

Nested attacks can thus be used in modeling situations ichwhj, ~ A,
arguments are brought into question because of the rétjabi

of the evidence on which they are based. However, this is \frot < A§

the only context of their application. Consider the follagi

argumentative situation: A3 Az < A}

A: “According to a study I've read, Cleopatra had a son.”

B: “But my resources state that she had a daughter.”

C': "You both could be right since I've read that Cleopatra hamterthan one child.”
By attacking the mutual attack betwednand B, argument”' refutes the opposition
implicitly supposed in these attacks. The fact tBabegins with “But...” indicates that
the person stating this argument assumes that Aathd B are meant in conjunction
with the claim that Cleopatra had only one child. Howevereaspn stating” has
no reason to reject information given khand B. Moreover, the set consisting of all
three arguments is more informative th@nalone. So the person statiigremoves
the unneeded conflict between the two arguments. Suchisitgaiften occur in vari-
ous contexts of communication, for example, in classromuoudisions where a teacher
shows that arguments given by two students, who have usetttheppose each other,
are actually not conflicting. Natural argumentation oftengists of arguments which
are used without sufficient understanding of the backgrdurmviedge, opponent’s
arguments or the logical structure underlying the disacusdNested attacks allow for a
representation of arguments which are used to counter silabiés! In view of these
examples, we can conclude that Dung’s AF cannot be used fooppate modeling of
this kind of attacks. Introducing a nested attack relatmnthe other hand, preserves
the dynamics of argumentation, while the representatidghestandard attack relation
between single arguments & b) remains unchanged. This paper presents a frame-

1In a Wittgensteinian way one could consider argumentatisriarguage games. To state an argument
“But, A” is to make a move (in the language game), which has a specifictioteor purpose. One of
the most important purposes in the context of argumentation &tack other arguments (often indicated
by the use of introductory words such as “But ...", “However’, etc.), to support them or defend them
from other counterarguments. A later move by another paaitiin the game might make the goal of
argumentA (at least temporarily) unrealizable either by opposing tlygiment itself, or by showing that
the attack intended byl lacks substance. Still, this doesn’t necessarily makeaseless in the further run
of the dialogical context. It can for instance be used toheadifferent goal, to support or strengthen other
arguments, etc. The situation can be compared to a game of cleeevery constellation of figures leading
to a “Check!” leads to the winning, but even if the opponent ag@s to defend herself, the position of the
figure threatening the king can still be very useful in thetfar run of the game.



work for abstract argumentation allowing for such attacks.

The framework that is going to be presented is supposedfibthd following require-
ments:

1. Terminology:ltis a goal to remain as close as possible to the terminoloiyg-
duced by Dung in his{3], i.e. no unnecessary new terms should be introduced.

2. AbstractnessThe abstract character of Dung’s AF should be preserved as fa
possible.

3. Extension TypesThe new framework should be able to represent all the stdndar
extension types introduced by Dung in his]|. The definitions of the extension
types should be preserved as far as possible.

4. Generality: The newly introduced mechanisms should be as general ablggss
e.g. nested attacks should be recursively closed.

5. Logic: At least one of the existing proof theories for AFs shouldigtntfor-
wardly be extensible to nested attacks as modelled in tiismpa

2 Nested Attacks

Due to the lack of space we skip an introduction to Dung’s ergtation framework
([23]) and immediately introduce the notions for our generalizersion.

Definition 1. A finite argument system with nested attadkaf)? is a pair(A*, —)
where:
(i) A is a finite set ofatomic argumentswhich are represented by lettersh, c,
etc;
(i) —< U;en A; is the finiteattack relationwhere

Al :Aat XAat
AQ = Aat X Al

An = Aat X An—l

The notion ofargumentis recursively defined in the following way:
1. Every atomic argument is an argument;
2. Every formulaz — ¢ is an argument, whereis an atomic argument anglis an
argument.
A s the set of all arguments. The expression ¢ (wherea is an atomic argument and
¢ an argument) is pronounced e.g. asdttacksy”. By definition — can be considered
as a subset ofl** x A. Also note that4** x A = A\ A,

2The notion of NAFs used in this paper should not be confusédl the one used by Modgil ir?[]. For
a discussion cpb.



It is easy to see that the following definitions keep the oagiintuition behind
Dung’s notions. Furthermore, argument systems with nesttadks are classical ar-
gument systems in cases without nested occurrences of tdek aymbol (i.e—~c
Aat x Aat)_

Definition 2. Given a nested argument systém= (A**, —) we define the following

notions.

(i) a - ¢ is asuccessful attack.r.t. S c A" iff

(@) thereis nd € A** such that eitheb — a orb — (a — ) or

(b) if there is ab € A*' such thath - a (resp.b - (a — ¢)), then there is a
successful attack - (b - a) (resp.c > (b - (a - ¢))) orc > bw.rt. S
wherec € S.

(i) A set of atomic argument§ c A** is conflict-freeiff for every couple of atomic

arguments:, b € S we have
(a) a does not attack or
(b) if @ — bthen there is @ € S such thatt -~ (a — b) is a successful attack
w.r.t. S.

(iii) A conflict-free setS c A" is admissibleiff for all + — a wherea € S and
x € A**\S there is a successful attatk> = or b —» (z — a) w.r.t. S whereb € S.

(iv) S c A (successfully w.rtS) defendsan argumenty iff for every attacker
b € A? on o there is ac € S which (successfully w.r.t.S) attacksb or which
(successfully w.r.tS) attacksh — ¢.

(v) A set of arguments c A* is apreferred extensioiff it is a maximal (w.r.t.c)
admissible set.

(vi) An admissible set of arguments ¢ A*" is astable extensioiff every atomic
argument in4®*\ S is successfully attacked by argumentsSimv.r.t. S.

(vii) An admissible set of argumentS c A is a semi-stable extensioiff S u S*
is maximal (w.r.t.c), whereS* is the set of all arguments 4**\S which are
successfully attacked by argumentsSinv.r.t. S.

(viii) An admissible set of argument$ c A*' is acomplete extensioiff F'(S) = S,
whereF (S) =4 {c € A** | S successfully defends}.

(ix) An admissible set of argumen c A" is thegrounded extensioif it is the
minimal (w.r.t.c) complete extension.

(X) A set of arguments c A*' is credulously (sceptically) acceptéd A according
to preferred [admissible, (semi)-stable, complete or gdewl] semantics iff it is
contained in at least one (every) preferred [admissibé&an{sstable, complete or
grounded] extension d.

Examplel.
We demonstrate the concepts from Definitidrwith the

attack-diagram to the right. Admissible extensions awe:
{a}, {c}, {d}, {a,c}, {a,d}, {c,d}, {a,d,c}, the preferred ; — -
one is{a,d,c}, the stable (and semi-stable) extension is
{a,d, c}, the complete and grounded on€dis d, c}.

Note that the sefa, b, ¢} is not conflict-free. Argument does not successfully attack
a - bw.rt. {a,b,c}, asd attacksc — (a — b) in such a way that Def2 (i:)(b) is not
fulfilled.

a——p

c



The example shows that the concept “conflict-free” useddento define admissi-
bility for NAFs is more general than “conflict-free” as defihley Dung in P3]. In case
of the latter one, it was sufficient to check for a §ef it contains two arguments, b
such thatz — b in order to determine if it is conflict-free. Sets sufficingstioriterion
are also considered conflict-free according to the new notistill, the generalized
version of conflict-freeness is more tolerant concernitachs: e.g. the s€ia, b, ¢} is
conflict-free as the attack afonb is resolved by — (a — b). Take for instance the
argumentative situation concerning Cleopatra’s childrem the Introduction. If we
accept argument’, then we propose the consistency4dfind B. As C does neither
attackA nor B, it is intuitive that{ A, B, C'} should be considered as conflict-free.

We have the following relationship between the variousmsiten types:

. isa . . .
stable extensior> Semi-stable extension grounded extension

Vis a ) Vis a
. isa .
preferred extensior— complete extension
yis an

admissible extension
This is as expected, as the relationships illustrated bydihgram also hold for AFs
(cp. [29]). Furthermore, other properties of extension types prieseby Dung in his
[23] carry over to NAFs. Also, itis easy to see that a NAJE, —) where— ¢ A" x 4?*
is an AF and the definitions of the extension types in Refre in this case equivalent
to the definitions given by Dung ir?f].

Modgil’s valuable research offers another way to introdoested attacks in ab-
stract argumentation via different frameworks in a seriearticles (cp. P€], [27],
[2€]). We give a brief overview of his main ideas and then showow Har our ap-
proach differs from his. In his’[5] Modgil presentsiested argumentation frameworks
(NAF). NAFs introduce two ideas which he later on analyses seggratierarchical
argumentation (HAF) in his/] and extended argumentation (EAF) in his]. Hier-
archical argumentation allows for a hierarchy of (finite)sAFA1, >1) ..., (An, =>n))
such that the claims of arguments on levelan ber (A, B), wherer represents the
defense (in17]) or defeat relation (inf6]) between two arguments id;_;. Note that
speaking about claims of arguments violates the abstracacter of Dung’s AF and
is not in accordance with our requirement 2. In addition,itfteoduction of relations
as “claim” and “defense” causes terminological overheathedefinition of the en-
hanced AFs and is not in accordance with our requirement Hgile EAFs enhance
a given AF(A, —) by a relationD ¢ (A x —), allowing for arguments attacking the
attack of two other arguments: egattacksa — b. However, this framework does
not allow that the attack of ona — b is itself attacked again by another argument.
Thus, the attack relation is not recursively closed and s&$olate our require-
ment 4. Finally, in 28] Modgil combines his EAFs with HAFs ihierarchical EAFs
({(A1,>1,D1), ..., (An, —n, Dyn)), where(c, (a,c)) € D; implies (a,b) € A;_; and
c € A;.® Note that also here attacks appearing in sdjecan by definition not be
subject of attacks in any higher level. In comparison to hidier conception of JAFs
Modgil here avoids to speak of claims of arguments and sokdepabstract character
of Dung’s initial approach.

3Modgil's HAFs can of course be combined with our NAFs.



As we have seen our framework manages to satisfy our reqeivesn\We do not
introduce any new notions or relations defining a N&& —), we only alter the def-
inition of the attack relation> in such at way that we allow for nested attacks. The
abstract character of Dung’s initial approach is consenweddo not need to introduce
the talk about claims or justifications of arguments, — thEayain abstract as well as
the attack relation. We were also able to define all standetiehsions in the same
way as presented by Dung, only slightly altering the definitof successful attack.
The proposal is also recursively closed, i.e. we allow ftacks of attacks without any
restrictions. What remains to be shown is point 5: is it pdedibextend a given proof
theory in a straightforward way for our framework?

3 A Proof Theory

Dung’s abstract argumentation framework has been intredias a semantic selection
procedure. The gap of not having a syntactic analogon ledhtoveéber of proposals for
proof theories for abstract argumentation (cp4[[14], [37], [18])*. The interest of
logicians stems also from the fact that Dung’s abstractraggiation has been shown
to be a powerful framework for nonmonotonic reasoning, i¢lgas been show to be
able to embed default logic (cpL7], [20)).

In the remainder of the paper we present extended versioropbpitional logics
presented in3Z], such that the models for a given premise set can be coesides
“representing® the extensions defined in SectidanThe logics presented irkf] have
a dynamic proof procedure mirroring the actual reasoninggss leading to the accep-
tance of an argument. The system of logics has a strong ngifyower: all standard
extension types are captured by simply adding axioms oradt@bnormalities of the
adaptive logics (cp. sectidh?2).

Propositional variable® stand in our context for arguments of an argument sys-
tem. The logic for extensions of tygewill be such that for any given argument system
A = (A*, —) and for a representation éfin form of a premise set(A) we have: for
any extensiort’ of A of type there is a modeM of 7(A) such thatP* (M) = E and
vice versa, wher®* (M) =4 {« is a propositional lettef M = «}. This means that
the arguments in the extension are exactly the propositi@&ables validated in the
corresponding model and vice versa.

“There are also proposals for logics concerning abstraohagtation in the literature that have entirely
different purposes. The authors i discuss different ways to check if a given set of argumenistwte
an extension of a given type. One way consists in charagigrextensions of a system by the models of a
formula expressed in propositional logic. This is insofanikr to our approach as we are also interested in
models. However, we are interested in models of a premise sehwépresents a given AF, while Besnard
and Doutre define a characteristic formula for a specific esitentype on basis of a given AF so thatdf
is a model of the formula, then it is also an extension. We asgésted in deriving arguments belonging to
extensions, while Besnard and Doutre are interested inkalgeavhether a given set of arguments form an
extension. The authors in ] also define a logic of abstract argumentation using convecfor attack and
defend, as well as unary connectives for the standard estetygpes. However, the authors do not present a
calculus which enables one to derive arguments belonging &xgnsion of a given type. The intention of
their logic is more to reason about AFs, while our proof the®reason within AFs.

5This notion is made precise in Theordrand Corollaryl.



Well-formed formulas in this logic are propositional fortasV and formulas in
the -, v, A, o-closure ofWW=, Wdef andyy™ax where:

e Wy =4t P, Wi =4t {a = b|a,be P},

W7 =at{a—>plaeP,pe Wy, j<i}tfori>2,

* W7 =df Usen, Wi~

* W™ =g W, u{defa|aecW.},

o Wt =y {defp | p e WD),

e W =yt {p —> ¢ | v e PUWY, 0 € W}, whereW is the set of all
disjunctions of propositional letters.

3.1 Alogic for admissible extensions

We define a logiAA EL by the rules for classical propositional logic and the failog
rules:

L , € W—) M;O/ -
ﬂdefO[ « w (1) defﬁ ,ﬁ € 7)’ o € Ww (3)
2 e ﬁ max
“aefp PN L=>a .
defs (2) “defa © eW, @
defa  (V;3) maz_
,BieP,ae Wy
(\/1 Bz) m_az» %
) i ) W;
Ai (Bi > a v defs; - ) BieP, e ©
(VB) %
s Mi s W;’ ;
—|(’y—>a)/\_|def,y_)a ﬂGPCl{G f}/i/@ ’YE’P (7)
Fact 1. We can derive the following rule from the rules above:
ﬁ (Vz Cti) mes, 5 N
A, defa, v defa; » 5 ¢ € P,BeW, ©

3.2 A Logic for Preferred Extensions

The second logic we introduce is an adaptive logic. The nashraof adaptive logics
has been presented in various papers. The space limitagqoge that we refer the
reader interested in a detailed description of thens{o IHere we will only mention
some key features.

An adaptive logic given in the standard format is a triplesisting of a lower limit
logic (henceforthLLL ), a set of abnormalities and an adaptive strategy. Foringlan
adaptive logic in the standard format provides the logidwait of the important meta-
theoretic features, such as soundness and completenésis (stsown in [3]). As the
name itself suggests, the idea underlying adaptive logitsit they adapt themselves to
specific premise sets, interpreting them “as normally asiptes with respect to some



criterion for normality. Their dynamic proofs make them weiseful for modeling
defeasible reasoning, since a formula derivable at one sththe proof may turn out
to be underivable at a later stage.

The proof dynamics is governed by marking conditions foiopfimes. A line of a
proof consists of a line number, a formula, a justificatiamj a condition. Conditions
are finite subsets of the set of abnormalities. We abbreviate, ¢ with Dab(A) for
some finite sef\ of abnormalities. The proof dynamics requires the follaywyeneric

PREM IfAel: _
A @

A1 Ay
RU If Ai,..., Ap L B: A, A,

rules:

B A1U-~-UAn

A A
|fA1,‘..,An FLLL i

BvDah(®): An An
B Aju---uA,u®©

Dab(A) is aminimal Dab-formulaat a stages of the proof iff it is the formula of
a line with conditiong and no DaBA’) with A’ ¢ A is the formula of a line with
conditiong. A choice sebf X = {A1,A,,...} is a set that contains one element out
of each member oE. A minimal choice sebf ¥ is a choice set oE of which no
proper subset is a choice set®f Where DalA,),...,Dab(A,,) are the minimal
Dab-formulas that are derived on conditigrat stages, ¥,(I") is the set of minimal
choice sets of Ay, ..., A, } for a premise sef.

All of the adaptive logics included in this paper are giverthie standard format
and have minimal abnormality as the strategy. The idea behia strategy is that only
the models (of a given premise set) which validate a miniragbfabnormalities (that
is, which are the “minimal abnormal” ones w.rd. are taken into account.

RC

Definition 3 (Marking for minimal abnormality) Line 7 is marked at stageiff, where
A derived on the condition at lines,
() thereisnop € U (T") suchthatpon A = g, or
(i) for someyp € ¥, (T), there is no line at whichl is derived on a conditio® for
whichpn© = 2.

Definition 4. A is finally derivedfrom I" on line: of a proof at stags iff (i) A is the
second element of ling (i) line 7 is not marked at stageand (iii) every extension of
the proof in which ling is marked may be further extended in such a way thatilise
unmarked.

Definition 5. T' 45, A (A isfinally AL-derivablefrom I') iff A is finally derived on
a line of a proof fronT".

Definition 6. We define the following adaptive logeEL:
e LLL : AEL



* abnormalities? = {-a | a € P}
« strategy: minimal abnormality

In order to represent a given NAF by means of a premise setuolagics AEL

andPEL, let A = (A*, —) be a NAF where> = U {(c,¢;) | i € I;}. We de-

fine 7(A) by {(Vier, ai) —> ¢;} u{L = a | a € A**'U > and there is ng «

A2t with 5 — a}. We presuppose that the set of propositional letiers correspond-

ing to the set4?'. This restriction is avoided by a simple enhancement @p. [37]).
We state now the two central representation theorems fologigs:

Theorem 1. LetA = (A%, —) be aNAF. We have
(i) For eachM € MpgL(7(A)) (resp.MagL(7(A))) there is a preferred (resp.
admissible) extensioR of A, such thatP(M) = E. With My (T") we denote all
models of a premise sEtfor a logic L.
(i) For each preferred (resp. admissible) extensiBrihere is alM € MPEL(T(A))

(resp.M e Magr(7(A))), such thatP(M) = E.

Corollary 1. For aNAF A = (A%, —) we have:
(i) « is sceptically accepted according to preferred (resp. adibie) semantics iff
7(A) FpeL o (resp.7(A) FAEL ).
(i) a is credulously accepted according to preferred (resp. adibie) semantics iff
7(A) #pEL — (resp.7(A) #AgL —a).

Example2. /\
Let's have a look at the NAR = (A** ) given by the diagram to the

max max a

right. We represent it by the following premise s¢t: — b,b — \T b
a,a =5 (¢ - (a > b),e =5 (a » b)yu{l =5 a1 ™5

&L =5 (a = (¢ = (a=>1b))), L =5 (b~ a)}. ‘

Y1 a RC {-a}
992 avb 1;RU {-a}
3 pmeT PREM @
194 defbv defb - a 1,3 (8) {-a}
5 a0 ™ PREM @

6 a-—>bvdefa—1b 5; (6) a
7 a—5 (¢~ (a—b)) PREM Z

a—(c—>(a—>0))v .
8 defa—(co(aob)y) O @
9 Lﬁ'»ae(ce(aab)) PREM @

10 -defa - (¢~ (a > b)) 9 (4 @

11 a-(c—>(a—0b)) 8,10;RU ]
1912 defc — (a - b) 1,15 (2 {-a}
Y13 <(c— (a—b)) 12, (1) {-a}

14 ¢ (a—b) PREM @
915 —defa > b 13,14 (5) {-a}
996 a—b 6,15RU  {-a}



1997 defb 1,16; () {-a}

918 b 17; (1) {~a}
19 -av-b 18;RU %]
1920 b RC {-b}
21 avb 20; RU {-b}
22 ¢ RC {-c}
23 1 ™% ¢ PREM %)
24 -defe 23; (4) %)

Note that with line 21 we are able to also unmark liheWe have the minimal Dab-
consequencea v -b. The minimal choice sets afe-a} and{-b}. Obviously there
is no way to mark lines with conditiof—~c}. Therefore e.gc anda v b are finally
derivable.

* K %

In this paper a nested attack relation has been presentech wéin be used to ex-
tend Dung’s abstract argumentation framework (AF). Adages of introducing this
idea lay not only in its application to formal representataf the dynamics of argu-
mentation, but also in the fact that various enhancemersinfi’'s AF (such as those
introducing preferenced], values [], audiencesd], sets of attacking argumentsq],
support relations15], etc.) can easily be combined with the given system. From a
syntactical point of view, nested abstract argumentatiaméworks (NAFs) can eas-
ily be embedded in adaptive logics for abstract argumaemntdfiZ], which gives us a
proof theory. In this paper we have presented the genedafiEeand the correspond-
ing proof theory only for admissible and preferred extensicAdjusting the system to
other extension types can be done in a simple way, similarhotv it is done in $2].

It will be an object of future research to see to what extesagiddeveloped in this paper
can be carried over to bipolar argumentation frameworks[(¢§}). One question aris-
ing is, to what extent it is useful to allow for supports of papts (e.gsup(a, sup(b, ¢))).
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