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Abstract. Most formalisms for representing common-sense knowledge allow
incomplete and potentially inconsistent information. When strong negation is also
allowed, contradictory conclusions can arise. Therefore, a criterion for deciding
between them is needed. Several extensions of logic programming consider pri-
orities over program (default) rules. However, these priorities must be supplied
by the programmer in a more or less arbitrary manner, establishing explicitly re-
lations between rules.

The aim of this paper is to investigate beyond explicit comparison between rules,
looking for an inherent and autonomous comparison criterion, based on speci-
ficity as defined in [22, 25]. In contrast to other approaches, we consider not only
defeasible, but also strict knowledge. Our criterion for comparing arguments,
namely specificity is context-sensitive. This means that preference among de-
feasible rules is determined dynamically during the dialectical analysis.

We show how such a specificity criterion can be defined in terms of two different
approachesactivation setsand derivation trees This allows us to get a more
syntactic criterion that can be implemented in a computationally attractive way.
The resulting definitions may be applied in a generic rule-based formalism. We
present a theorem which links both characterizations, showing their equivalence.
Finally we discuss other frameworks for defeasible reasoning in which preference
handling is considered explicitly, contrasting them with our approach.

Key words: defeasible reasoning; knowledge representation; logic programming;
non-monotonic reasoning.

1 Introduction

1.1 Background

Formalisms for representing common-sense knowledge usually handle
incomplete and potentially inconsistent information. In such formalisms,
* This research has been supported by the German-Argentinian program on scientific and tech-

nological cooperation, funded by tiBindesministeriunuf Bildung und Forschundgn Ger-
many and th&ecretara de Ciencia y Tecnologiin Argentina (see also [8]).



contradictory conclusions can arise, which prompts for a criterion for de-
ciding between them. Several extensions of logic programming (LP), de-
fault reasoning systems, defeasible logics, and defeasible argumentation
formalisms consider priorities over competing rules [2,6, 7,13, 15, 28],
in order to decide between contradictory conclusions. However, these
priorities must be supplied by the programmer, establishing explicitly re-
lations between rules.

Another problem pointed out by Dung and Son in [9], is that several
formalisms “enforce” the principle of reasoning with specificity by first
determining a set of priority orders between defaults rules of &set
using the information given by a domain knowledg§eThe problem is
that the resulting semantics is rather weak, in the sense that priorities
are defined independent of the §f evidence. Therefore, if the set
E changes, the previous fixed priorities could not behave as expected.
On the contrary, this evidence-sensitivity can be naturally captured in
argumentation-theoretic approaches as shownin [9, 11, 25] and also here.

In [9], a transformation from the proposed underlying language into
extended logic programming [12] is given. However, this transformation
encodes the specificity criterion with program rules, forcing re-encoding
in the presence of changes in the program. In our approach specificity
will be inferred directly from the program rules without any interme-
diate step. Our approach also takes into consideration the background
knowledgeB that was assumed empty in [9]. Dealing with background
knowledge (strict rules) is not a trivial matter, because taking it into ac-
count may lead to more logical consequence for a given argument than
before, which have to be considered in the dialectical process (see also
Section 3.3).

1.2 Motivation

The aim of this paper is to investigate beyond explicit comparison be-

tween rules, looking forward for a more autonomous comparison cri-

terion, based on specificity as defined in [22, 25]. In contrast to other

approaches, we consider not only defeasible, but also strict knowledge.
In our setting, arguments will be basicalliefeasible proofsnvolving

both defeasible and strict knowledge, which may support contradic-

tory conclusions, so that a comparison criterion is needed to decide be-
tween them. Our criterion for comparing arguments, namspBicificity
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is context-sensitive. This means that preference among defeasible rules
is determined dynamically during the dialectical analysis (see also the
examples in Section 4.1).

We show how this criterion can be redefined in terms of two differ-
ent approachesctivation setsand derivation trees This allows us to
get a more syntactic criterion that can be implemented in a computation-
ally attractive way. The resulting definitions may be applied in arbitrary
generic rule-based formalisms. As a basis of our presentation we will use
defeasible logic programmin@@eLP) [10, 11], where a comparison for
arguments based on specificity is given. In DeLP (as in most defeasible
logics and defeasible argumentation formalisms), there is a distinction
between strict rules and defeasible rules. Specificity in DelLP takes into
consideration both kind of rules.

Originally, this research has been motivated by the programming of
autonomous agents for the RoboCup [26]. Since agents must be able to
cope with contradictory knowledge, defeasible reasoning should be em-
ployed for agent programming. Defeasible logic programming is able to
extend the logic-based approach for multi-agent systems as presented in
[26].

This paper is organized as follows. First, in Section 2 we introduce
the fundamentals of DeLP. In Section 3, a definition of generalized speci-
ficity will be given, and two computationally attractive ways of compar-
ing arguments by means of specificity in a logic programming framework
will be developed. Finally, in Section 4, we discuss other frameworks for
defeasible reasoning in which preference handling is considered explic-
itly, contrasting them with our approach. We will end with concluding
remarks in Section 5.

2 Defeasible Logic Programming

2.1 Defeasible Programs

The DelLP language [10,11] is defined in terms of two disjoint sets of
rules: a set ostrict rulesfor representing strict (sound) knowledge, and
a set ofdefeasible rulefor representing tentative information. Rules will
be defined usingiterals. A literal L is an atomp or a negated atom p,
where the symbot representstrong negationWe define this formally

as follows:



Definition 2.1 (strict and defeasible rules).A strict rule (defeasible
rule) is an ordered pair, conveniently denoted by Head Body
(Head— Body), whose first member, Head, is a literal, and whose sec-
ond member, Body, is a finite set of literals. A strict rule (defeasible
rule) with the head b and body{L1,...,L,} can also be written as

Lo « Li1,...,Ln (Lo—=L1,...,Lp). If the body is empty, it is written

L < true (L—<true), and it is called aact (presumptioh Facts may
also be written as L.

The syntax of strict rules correspondiasic rulesin logic program-
ming [17], but we call them “strict” in order to emphasize the difference
to the “defeasible” ones (see below). There is no contraposition for rules.
Defeasible rulesadd a new representational capability for expressing a
weaker link between the head and the body in a rule [25]. Syntactically,
the symbol- is all that distinguishes a defeasible rule from a strict one.
Pragmatically, a defeasible rule is used to represent defeasible knowl-
edge, i.e. tentative information that may be used if nothing could be
posed against it.

Definition 2.2 (defeasible logic program)A defeasible logic program
(DLP) is a finite set of strict and defeasible rules where literals may have
variable or constant parameters. We do not consider the case with gen-
eral function symbols here. K is a DLP, we will distinguish the subset

M of strict rules inP, and the subseh of defeasible rules if?. When
required, we will denot® as(IM,4).

Example 2.3.The following is a DLP where strict and defeasible rules
have been separated for the convenience of presentation. It models a frag-
ment of the soccer domain.

A M
kick(X) — playenX) player(X) « libero(X)
~kick(X) — libero(X) player(X) < goalie(X)

kick(X) — libero(X),eagerfX) ~kick(X) < goaligX)
eageldiego
libero(diego
goalig(oli)
Nute’s defeasible logic [6,20], recent extensions of defeasible
logic [2, 19], and some defeasible argumentation formalisms [14, 23, 27],
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also make use of defeasible and strict rules for representing knowledge.
However, in most of these formalisms a priority relation among rules
must be explicitly given with the program in order to handle contradic-
tory information. In DeLP, an argumentation formalism for deciding be-
tween contradictory goals is used.

2.2 Defeasible Derivations

Given a progranP, a defeasible derivatioffior a literal h (abbreviated

P I h) will be a finite set of strict and defeasible rules. A defeasible
derivation is obtained like a SLD-derivation, as defined e. g. in [18], but
considering the negation symbelas part of the predicate name and not

taking into consideration the type of the rule.

Definition 2.4 (defeasible derivation tree)Let a DLPP and a literal
h be given. We say that a query h holdsPin(abbreviatedP Ft h, or
simplyP + h) iff there is adefeasible derivation trek for h fromP. T is
a finite, rooted tree (strictly speaking, amd-tre¢, where all nodes are
labelled with literals, satisfying the following conditions:

1. The root node of T is labelled with h.

2. Foreachnode N in T thatis labelled with the literal L, there is a strict
or defeasible rule with headgland body{L,...,Lx} in P, such that
L = Loo for some ground variable substitutian and the node N has
exactly k children nodes, which are labeled witol .., Lo.

Example 2.5.Revisiting Example 2.3, the query-kick(oli) has
the defeasible derivation{~kick(oli) <— goalig(oli),goaligoli)},
the query kick(oli) has the following defeasible derivation:
{kick(oli) — player(oli), player(oli) < goalie(oli),goalie(oli)}.

The derivation forkick(diegg is {kick(diego — playerdiego),
player(diego < libero(diego),libero(diegg} (Figure 1a shows the
corresponding derivation tree), whereakick(diego has the derivation
{~kick(diego — libero(diego),libero(diego } (see also Figure 1b).

Given the DLP of Example 2.3, in Example 2.5 we have just shown
that it is possible to have defeasible derivations for two contradictory lit-
erals. Thus, a DLP may represent contradictory information. A defeasi-
ble logic progranP is contradictoryiff it is possible to defeasibly derive
from P a pair of complementary literals wrt. strong negation. We will
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assume that in every DLP the setl1 is non-contradictory. Otherwise
problems as in extended logic programming will happen, and the corre-
sponding analysis of the consequences has been done elsewhere [1, 12].

(a) kick(diego (b) ~kick(diego (c) kick(diego
| | / \
player(diego libero(diego libero(diego eagefdiego
|
libero(diego

Fig. 1. Derivation trees.

2.3 Arguments

The central notion of the DeLP formalism is the notion ofaagument
Informally, an argument is a minimal and non-contradictory set of rules
used to derive a conclusion. In DeLP, answers to queries will be sup-
ported by an argument. The formal definition follows.

Definition 2.6 (argument).Let h be a literal and® = (I1M,A) be a DLP.
AnargumentA for a literal h, also denotedA , h), is a subset of ground
instances of defeasible rules®fsuch that:

1. There exists a defeasible derivation for h froiu A,

2. M U A is non-contradictory, and

3. A is minimal wrt. set inclusion (i. e. there is # C A such thatA’
satisfies condition 1).

The literalh will also be called the conclusion supported Ay An
argument(B,q) is a sub-argumenbf (A h) iff B C A. Note that
strict rules are not part of an argument. Observe also that condition 2
of the previous definition prevents the occurrence of “self-defeating” ar-
guments [21].

Example 2.7.Using the DLP of Example 2.3, the Iliteral
~kick(diego has the argumerd; = {~kick(diego — libero(diego }
and the literal  kick(diego has two arguments,
namely A, = {kick(diegg — playerdiegg} and Az =
{(kick(diego — libero(diego), eagefdiego)}*  whose  derivation

1 We use parentheses for improving the readability of the set of rules here.
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tree is shown in Figure 1c. The literalkick(oli) has a derivation
formed only by strict rules, sé = 0 is an argument for it. Note that

B = {kick(oli) — player(oli),goalie(oli)} for kick(oli) (Example 2.5)

is a defeasible derivation, although it is not an argument for this literal
becausélU B is contradictory.

Given an argumer# for a literalq, other arguments that contradfet
(called rebuttals or counter-arguments) could exist. We say(fah;)
counter-argues(Az,hy) at a literal h iff there exists a sub-argument
(A, h) of (Az,hy) such that the sdfl U {hy,h} is contradictory. There-
fore, a comparison criterion among arguments is needed (one will be
introduced in the next section). Based on that criterion, the following
notion can be introduced

Definition 2.8 (defeater).An argument/As,h;) defeats(Az,hy) at lit-
eralh iff there exists a sub-argumef#, h) of (A2, hp) such that/A1, ;)
counter-arguegAz, hp) at h, and one of the following conditions hold:

1. (A1,hy) is “better” (wrt. some preference criterion) thaff\, h; then
(A1,hy) is aproperdefeater of Ay, hy); or

2. (A1,hg) is unrelated by the given preference order(#, h); then
(A1,h1) is ablockingdefeater of Ay, hy)).

In DeLP, a queryg will succeed if the supporting argument for it
is not defeated. In order to answer the question whethés a non-
defeated argument, counter-arguments that couldefieatersor A are
considered. Since defeaters are arguments, there may exist defeaters for
the defeaters, and so on. In DeLP a complete dialectical analysis is per-
formed constructing a tree of arguments calligalectical tree We refer
the interested reader to [11] for details on the dialectical process.

3 An Inherent Criterion for Comparing Arguments

3.1 Specificity

We will formally define a particular criterion callegeneralized speci-
ficity which allows to discriminate between two conflicting arguments.
The next definition characterizes the specificity criterion, defined first
in [22] and extended later to be used in the defeasible argumentation
formalism of [24, 25]. Here, it is adapted to fit in the DeLP framework.
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Intuitively, this notion of specificity favors two aspects in an argument: it
prefers an argument (a) with greater information content or (b) with less
use of rules.

Continuing with Example 2.7, argumert; will be considered
more specific thanA,, becauseA; does not use the strict rule
playerX) <« libero(X) and hence is more direct. On the other hand,
the argumenfA3 will be regarded as strictly more specific thAn, be-
causéAz is based in more informatiotilfero andeage). In other words,
an argument will be deemed better than another if ihte preciseor
more concise

Definition 3.1 (specificity).Let P = (I,A) be a program/[1g be the
set of all strict rules inM which are not factsf- be the set of all liter-
als that have a defeasible derivation frdtp and (A1, h;) and (A2, hy)
be arguments, such th&tU {hs,hy} is contradictory. Then(A;,h;) is
more specific thamn argumentAz, hy) (denoted(A1,h1) > (Az,hy))
iff for all H C F it holds: MgUHUA; - h; andMg UH ¥ hy implies
MNcUHUA; - hy. According to [22], we definelA, hy) is strictly more
specificthan (Ay, hy) (written (Aq,hy) = (Ag,hp)) iff (Ag,h1) = (Ag, hp)
and <A2,h2> ?f <A1,h1>.

To understand Definition 3.1 better, observe that thé&lgetloes not
contain facts, so the conditidig UH U A1 = hy will hold usually only
with some particular non-empty st We say thaH activatesA;. The
expresiomgUH ¥ hy is called thenon-triviality condition because it is
forcing the use of the s&; for derivingh;. Hence, Definition 3.1 may
be read as{A1,h;) is more specific thaA, hy), if for each seH that
non-trivially activatedA1, the same sét activatesA,.

Continuing with Example 2.7, argume#t; is strictly more spe-
cific than A, (see below), becausA; does not use the strict rule
player(X) <« libero(X) and hence is more direct. Observe that the con-
dition from Definition 3.1 holds: every sét that activated\; also ac-
tivates A,. However, the seH’ = {player(diegg} activatesA,, but
does not activatéd\;, whereA; = {~kick(diego — libero(diego} and
A, = {kick(diego — player(diego}. On the other hand, the argument
Az = {(kick(diego — libero(diego), eagerdiego)} is strictly more spe-
cific than A1, because it uses more information. Again, the condition
holds and the sét” = {libero(diego) } is enough to activatd; but does
not activateAs.



The following example shows why comparing only rules may some-
times be unsatisfactory. Consider the following program:

{(s(X) « a(X)),a(@), (p(X) = a(X)), (~p(X) = a(X),s(X)) }

The rulery: ~p(X)—q(X),s(X) is using more information than
rz: p(X) —q(X). Thus, in a system with priorities over rules such as [6,
20] (because there “longer” rules are preferred to “shorter” ones), it is
expected to have thai is preferred ta, (r1 > r2). Therefore, in such
a system the conclusionp(a) will be preferred ovemp(a). But in this
case, itis not true that p(a) is using more information, because the rule
S(X) « q(X) establishes a strict connection betwegx) andq(X) (ev-
ery q(X) is ans(X)). In DeLP, the argumerA = {~p(a) < q(a),s(a)}
for ~p(a) is not more specific than the argumeldt= {p(a) <q(a)},
and vice versa.

In some systems [2, 19] the rulesandr, can be left unrelated wrt.
superiority, and then achieve the desired result. But note that, if the rule
s(X) « q(X) is replaced with the fact(a) (i.e., there is no longer a
connection betwees(X) andq(X)), then in DeLP the argume#t will
be strictly more specific thaB. However, in a system with fixed pri-
orities over rules this automatic change in the behavior of the system is
not possible. The priority (or superiority) relation has to be changed to
produce the expected result.

3.2 Computing Specificity in DeLP

Definition 3.1 needs to test all subsetsC F . If F containsn elements,
there are 2 sets to be considered. Besides the exponential explosion
problem, this definition might be considering sets of literals that are un-
related to the arguments being compared. In this section, we introduce
a way of avoiding these problems, which will be continued in the next
section.

Definition 3.2 (pruned trees and argument completion)Let A be an
argument for a ground literal h wrt. a prograf = N UA. We call the
literal tree Tia 1, derivation tree pruned wrt. the argumén, h) iff it is

the tree obtained from a derivation tree T withUA 1 h, by deleting

(a) all nodes in T which occur below nodes labeled with head literals of
defeasible rules # A and (b) all nodes which dominate only leaf nodes
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labeled with presumptions € A (or instances thereof). A completion of
an argumenf for h, denotedA¢, is then the set of defeasible and strict
rules (without facts), that are used igaly).

In order to illustrate Definition 3.2, let us revisit Example 2.3 and
Figure 1c again. The derivation trde in Figure 1c¢c makes only use
of the ruler = (kick(diego — libero(diego), eagefdiego)). Thus, T
is already pruned wrt. the argumeAy = {r}. If we pruneT wrt.

A, = {kick(diego — player(diego}, which is also an argument for

h = kick(diego), then all nodes below the root have to be deleted, be-
cause ¢ As. HenceTia, hy simply consists of one node which is labeled
with h. This pruned tree will not be considered when comparing argu-
ments, because it contains no use of any defeasible rule. But things are
not always that simple (look at Example 3.7).

Note thatA® does not contain the facts used in the construction of
the defeasible tree. The reason for that will become clear later. The set
of ground literals ofA¢, denotedLit (A€), will be the set of all ground
literals that occur in the antecedent or consequent of every r\eé.iRor
example, ifA® = { (h(t) + a(t)), (a(t) —<b(t),c(t)), (b(t) « d(t)) }is
an argument foh(t) thenLit (A%)= { a(t),b(t), c(t),d(t),h(t)}.

Definition 3.3 (activation set).Let A® be a completed argument, and
Lit (A°) the corresponding set of literals. A setd Lit (A°) is anacti-
vation setwrt. AS, if UUAC® F h, and U is minimal wrt. set inclusion
(i.e.,AU’ C U such that UUAC + h). We will call Act-set#°) the set
of all activation sets wrtA°. The set U is called aon-trivial activation
setfor ACiff U is an activation set foA°® and UU Mg ¥ h. We will call
NTAct-setsh©) the set of all the non-trivial activation sets wAC.

Figure 2 shows an algorithm to compute all non-trivial activation sets
wrt. (A, h). In order to avoid trivial activation sets we only check whether
a defeasible rule has been used. Note that the first activation s&tigor
hitself, and it is also a trivial one. As can be seen from the algorithm, the
set of activation sets of an argument is easy to compute, just parsing the
completed argument once. Specificity can thus be defined in a form such
that we only need to consider the non-trivial activation sets.

Definition 3.4 (specificity revisited, preliminary version).LetA for hy
andB for h, be two arguments with contradictory conclusions, #fd
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Input: a completed argumeA for h.
Output: NTAct-setsh°)

1. A stackSis initialized with the pair{h},trivial ).
2. NTAct-setsf©) is initially empty.
3. Repeat untiSis empty

(a) Select the first pain(type) inS.

(b) For each literali € nthat is a consequent of a rulén A€, replacd; with the literals of
the antecedent of obtaining a new activation sat. The type of eaclm; is trivial only
if the type ofnis trivial andr is a strict rule. Otherwise the type ofis non-trivial.

(c) The new activation setg that are not previously expanded, are added to the t& of

(d) If the type ofN is non-trivial then addh to NTAct-setsA°).

4. Return NTAct-set#(°®)

Fig. 2. Computing non-trivial activation sets.

and B¢ the respectively completed arguments. We sayAhat strictly
more specific thaB iff

1. VU e NTAct-setsh®), UulNg UB F hy, and
2. 3U’ € NTAct-setd8 ) such thatUu Mg U A ¥ hy.

Given an argumenA for a literal h there is no uniqué\® because
there could be different rules iflg that can prove an antecedent of a
defeasible rule if\. Nevertheless, the difference between two argument
completionsA ¢ andBF€ lies only in the use of strict rules. Note that Defi-
nition 3.4 is equivalent to Definition 3.1 only if there is a unique comple-
tion for each argument. However, Definition 3.4 can be reformulated in
terms of the following sets, that consider every possible completion for
an argument:

Act-setsfQ)= i Act-setsA %)
NTAct-setsf)= L ; NTAct-setsA%)

Definition 3.5 (specificity revisited, final version).Let A for h; andB
for hy be two arguments. We say thAtis strictly more specific thai
iff

1. VU e NTAct-setdf) ,UuUlNg UB F hy, and
2. 3U’ € NTAct-setd8) such thatUu Mg UA ¥ h;.

Theorem 3.6. The Definitions 3.1 (fox) and 3.5 are equivalent.

11



Itis important to notice, that we cannot restrict our attention to deriva-
tions which only make use of the defeasible rules in the given argument
A. We must take into consideration also related arguments pruned wrt.
A in Definition 3.2. Otherwise, Theorem 3.6 would not hold. Look at the
following example:

Example 3.7.Let us consider the following program:
{(x + a,f),c,d,e (x—<ab,c),(a—d),(b—e),(f—<e),(~x—<ab)}

Clearly, (A,x) with A = {(x—a,b,c),(a—d),(b—e)} and (B,~x)
with B = {(~x—a,b),(a—d),(b—e)} are arguments. By Defini-
tion 3.1 it holds, thatA is not more specific thaB, because the strict
rules (especiallx + a, f) together withA and{d, f} non-trivially ac-
tivate x, but the strict rules together with and {d, f} do not activate
~X.

However, according to Definition 3.5 without taking derivations into
account which use defeasible ruleg A, we would have thatA,x) is
strictly more specific thaiB, ~x), becaus€{d, f} would not be con-
sidered as an activation set fAr. This meansA is more specific than
B. But B is not more specific thaA, becausega, b} non-trivially acti-
vates~x, but notx. The problem is that there are two argumentsxor
namelyA andC = {(a—d),(f —e)}, which makes the activation set
{d, f} possible.

3.3 A (More) Syntactic Criterion for Specificity

In the previous section, we expressed specificity by means of activation
sets. In this section, we will go one step further by defining specificity
via the comparison of (sets of) derivations. For this, we will identify each
defeasible derivation tree with its sets of paths in the tree.

Let N be a leaf node in a (possibly pruned) derivation tfed hen,
we call the set consisting of the literal labeliNgplus all literals labeling
its ancestors except the root node prathin T throughN. Let TP be
the set of all paths i through all leaf nodebl. For example, the path
sets for the derivation trees in Figure 1, which are already pruned wirt.
the corresponding arguments, are {&player(diego), libero(diego }},
(b) {{libero(diego}} and (c) {{libero(diego},{eagefdiego}}, re-
spectively. With this notion of paths, we are able to give a (prelimi-
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nary) syntactic definition of specificity as follows, by introducing the
relationt>.

Definition 3.8. Let T; and © be two trees. We defing & T, iff for all
t, € T} there exists agte T such thatt C t,.

As already observed in the previous section, an argument cannot al-
ways be identified with one unique derivation or completed argument,
but with a set of those. Therefore, we will take this into account in our
next definition.

Definition 3.9 (syntactic criterion). Let (A1,h;) and (Az,hy) be two
contradictory arguments wrt. a prograf = N UA. Then,(As,h;) >
(A2, hy) iff for all derivation trees T for h; pruned wrt.A; there is a tree
T, for hy pruned wrt.A, such that T> To.

Now, we are able to state yet another formulation of specificity by
means of the relatior in the subsequent theorem. It gives us a more
syntactic characterization of specificity without guessing sets of possi-
ble facts. Note that the elementslefin Definition 3.1 are also called
possible fact$

Theorem 3.10. Let (A1,h;) and (Az,hy) be two arguments. Then:
(A1,h1) > (A, hy) implies(A1,h1) = (Ao, hy). If Mg is empty, then also
the converse holdgAj, hy) = (A2, hp) implies(A1,h1) > (Ao, hy).

Example 3.11To see the necessity of the restriction in
the second part of the theorem, consider the program
{(x—=a,b),(b—c),(~x—c,d),(d—<a),a,c,(~Xx + b,d)}. For

A = {(x—<ab),(b—c)} and B = {(~x—c,d),(d—<a)}, it holds
(A,x) = (B,~x), becausda,b} and{a,c} are the only activation sets
for (A,x), which also activatéB,~x). However,(A x) # (B,~Xx), be-
cause there is only one derivatidnfor x, and there are two derivations
T, for ~x (pruned wrtB), but for both of them it hold3; 7 To.

As stated before in Section 2.3, the comparison of arguments is em-
bedded into a dialectical process, where arguments may be defeated.
There may even exist defeaters for the defeaters, and so on. In DelLP

2 This theorem repairs so to speak the (false) conjecture in [25, Lemma 2.24].

13



a complete dialectical analysis is performed constructing a tree of argu-
ments. The syntactic criterior>{ for specificity defined above, can be
used directly by the defeater notion (see Definition 2.8). Thus, the new
definition for specificity can be embedded naturally in DeLP in a modular
way.

4 Related Work

4.1 Argumentation

Dung and Son in [9] introduce an argumentation-theoretic approach to
default reasoning with specificity. Default reasoning in general, and ar-
gumentative reasoning in particular, is defined in terms of aEset
evidence (or facts), and a padr= (D, B) which represents theomain
knowledgeconsisting of a set of default rul&s and a first-order theory
B representing background knowledd@egndllg in our notation). As
stated before, our approach also takes into consideration the background
knowledgeB that was assumed empty in [9]. It is certainly interesting to
consider a generalized setting, where evidence and background knowl-
edge are not restricted to facts and strict rules, respectively. But this is
beyond the scope of this paper.

In [9], the authors claim that most priority-based approaches define
the semantics of wrt. certain partial orders oD, determined only by
K. Let POk be the set of all partial orders defined in this way. For every
partial ordem € POk (where(d,d’) € a means thatl has lower priority
thand’), we define<q to be a partial order between sets of default®n
whereS <4 S means thaSis preferred td&8. Whatever the definition of
<q, It has to satisfy the following propertizet S be a subset of D, and let
d, d be two defaultsin D such th&dl,d’) € a. Then & {d'} < SU {d}.

The partial ordery can be extended into a partial order between
models inBUE, by definingM <4 M’ iff Dy <¢ Dy, WhereDy is
the set of all defaults iD which are satisfiable iM. A defaultp/q is
satisfiable inM iff the implicationp — q is satisfiable ifM. A modelM
of BUE is a preferred model of iff there exists a partial order in POg
such thaM is minimal wrt. <. [9] shows that any preferential semantics
based on<q is not satisfactory enough since the set of eviddacenot
considered.
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Example 4.1 (taken from [9])Consider the default theory = (E,K),
whereB=0, D = {d/c, c/b, d/—a, b/a }, andE = {d}. The desirable
semantics here is represented by the mbtlel{d, c,b,-a}. To have this
semantics, most priority-based approaches assign the defawltiower
priority than the defaultl/—a. Let us considell under a new seE =
{d,—c,b}. Sincec does not hold, the default/ —a cannot be considered
more specific than the defaddfa, so that it should not be the case that
eithera or —a are concluded.

However, in any priority-based approach using the same priorities
between defaults wrE andE’, we haveM = {-a,d,—c,b} <¢ M’ =
{a,d,—c,b} sinceDy = {c/b,d/—a} <q Dy, = {c/b,b/a} (due to the
fact that(b/a,d/—a) € a). Hence priority-based approaches would con-
clude —a given (E’,K), which is not the intuitive result, leading to the
idea that defaulb/a should have a lower priority tham/—a under evi-
denceE, but a different priority under evidenég.

Example 4.1 can be recast into the DeLP formalism by rewriting a
default rulea/b as a defeasible claude— a. Let us consider the pre-
ferred model associated with a DeLP program as defined by those liter-
als supported by arguments ultimately undefeated. It turns out that the
intuitively preferred model is computed correctly, since the evidéhce
is taken into account.

Example 4.2.Consider the sei = { (a— b), (~a—d), (c—<d), (b—c)}

of defeasible clauses, and [@t= {d}. In this case, we have arguments
for b, ¢, d, aand~a. The argument for-a is more specific than the ar-
gument fora. However, ifl1 = {d , ~c, b}, we will have still undefeated
arguments fod, ~c andb, but~awill no longer hold (since it is blocked
by the argumenfa— b}).

The previous example shows that our approach provides a proof-
theoretical way of computing preferred extensions for a given default
theory (expressed in terms of DeLP language), and preference among de-
faults (defeasible rules) is determined dynamically during the dialectical
analysis® A distinctive feature of specificity is that it can be generalized
to other common-sense reasoning approaches where the nodena-
tion plays a central role. Thus specificity results as a useful comparison

3 This implies that our approach is context-sensitive as defined in [9], although this is denied in
the same reference.
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criterion for choosing between conflicting extensions in proof-theoretic
approaches, whereas the dialectical analysis determines whether a given
extension (argument) is ultimately preferred.

Other argumentation formalisms —particularly those motivated by
legal reasoning, such as [23]— consider priorities as well as defeasible
reasoning about priorities. It must be remarked that in these cases crite-
ria for comparing arguments are also debatable, and in many cases they
are subordinated to hierarchical and temporal considerations (see [23] for
an in-depth discussion). In contrast to these approaches, we concentrate
on first finding an acceptable criterion for determining preferred exten-
sions associated with the presence of defeasible information. Incorporat-
ing other features (such as hierarchical or temporal preference principles)
is intended for further research.

In [3], the concept orgumentative frameworik characterized. Dif-
ferent instances of this abstract argumentation framework (AAF) can be
shown to correspond to different non-monotonic formalisms, particularly
normal logic programming [16]. IP is a normal logic program, then the
set of hypotheses associated witttan be defined ad (P) = {not p|
pis a variable-free atom in the Herbrand bas® ¢fand the background
monotonic logic is the classical logic of (definite) Horn programs. These
programs are obtained by replacing each negative litertapin the pro-
gramP by a new positive atommot_p. Following [16], we will denote
the resulting program using the same synibpand the consequence re-
lation of this logic by=. Given a progran®, a conjunction of (variable-
free) literalsG is anon-monotonic consequenaEP wrt. some semantics
iff there exists a set of hypotheghsC H (P), allowed by the semantics,
such thaP U A = G. Different semantics for LP allow different sets of
hypothesis. Most of these semantics can be formulated by a single at-
tacking relation between sets of (variable-free) negative literals. In [5] it
was shown how to recast DeLP into the AAF, using an ELP-like setting.
Figure 3 summarizes the main differences between NLP and DeLP un-
der the AAF. It should be noted that DeLP considers preference among
conflicting sets of hypotheses instead of attack as in NLP. Besides, dialec-
tical considerations are also introduced in DeLP, characterizing a stricter
version of wf-semantics.

Brewka [4] has extended default logic in order to handle priorities,
developing goreferential default logi¢PDL). This approach has many
properties which seem relevant for argumentation, such as explicit repre-
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Normal Logic Programming Defeasible Logic Programming

(under AAF setting) (under ELP, AAF-like setting)

An argument is a set of hypothessAn argument is a set of hypothesis(A) satis
satisfying derivability fying consistency, minimality, derivability
Attacks defined on hypotheses |Attack defined on complementary litergls
(p attacksnot p) and~p, and hypotheseg andnot p

Attacks involve no preference Attacks involves preference

Well-founded semantics Well-founded acceptability

restricted by dialectical consid-
erations and preference criterion

Dialectical considerations: Dialectical considerations:

- no circularity - no circularity

- consistency among all - consistency within defense and attack
defense nodes nodes within argumentation lines

Existence of well-founded pre-tregExistence of a dialectical tree

iff well-founded acceptability which entails pre-tree structures

Root markedJ iff justification

Fig. 3. Normal logic programming and DeLP under AAF settings.

sentation of preferences and reasoning about preferences. Although this
approach is not explicitly argument-based, prioritized default theories ex-
tend default theories adding a strict partial order on defaults, using this
ordering to define preferred extensions. Due to the lack of space, we will
not go into more details here.

4.2 LP and Defeasible Logic with Superiority Relation

In [15] and later in [7],logic programming without negation as failure
(LPwWNF) was introduced. A LPwWNF program consists of a set of basic
rulesLg < Li,...,Ly (WhereL; are literals that could use strong nega-
tion) and a given irreflexive and antisymmetric priority relation among
program rules. They claim that default negation can be removed using
the following transformation: the ruley :p «+ q,not r is transformed

to two rules,ri:p < g andra:~p < r, with ry < ro. Hence, wherr

is not derivable the rule, cannot be used, and there is a derivation for
p. On the other hand whenis derivable, rulero blocksri. However,

the problem with this approach is that whens derivable, a new lit-

eral (not present in the original program) is derivablgr. Contradiction
between derivations is based on complementary literals, and the prior-
ity relation among rules. The proof procedure of LPWNF is very similar
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to the one of d-Prolog. Although in [7] there is no comparison with de-
feasible logic, in [2] a comparison among LPwWNF, defeasible logic, and
so-called courteous logic programs is given. The main result of [2] is that
defeasible logic can prove everything that sceptical LPWNF can. In [13],
Gelfond and Son developed a system to “investigate the methodology
of reasoning with prioritized defaults in the language of logic programs
under the answer set semantics”. Their system allows the representation
of defeasible and strict rules, and the representation of an order among
those rules. The way in which defeasible inferences are obtained is very
similar to [2], although no comparison of these two systems is given.

In [2,19], another approach for defeasible reasoning is presented.
In this context, defeasible logic programs are (almost) identical to pro-
gramsP as defined in Definition 2.2. But there, specificity is a relation
between program clauses, modeled by the so-callgeriorityrelation
>, whereas in our framework, specificity is an implicit relation between
arguments according to Definition 3.1. The main difference is that this
approach is not argument-based.

Since the relation- must be explicitly given by the programmer in
addition to the prograrR, we have to consider the pdR , >) for this ap-
proach. Since the procedure for deriving defeasibly valid literals is quite
different from our approach, it is not clear how to express specificity as
defined here by means of an appropriately chosen superiority relation.
However, the construction of such a relation is a non-trivial issue, and
deserves a more detailed analysis.

5 Conclusions

Formalisms for representing common-sense knowledge need to deal with
contradictory conclusions, and decide between them with some com-
parison criterion. To our opinion, this comparison should be performed
within the formalism itself by analyzing the pieces of knowledge which
lead to contradictory conclusions. Thus, our aim was to look forward
for an autonomous comparison criterion that may fit in any rule-based
formalism.

As a result we characterized a generalized version of specificity,
based on the comparison criterion defined in [22, 25]. We showed that
specificity can be redefined in terms of two different approachets:
vation setTheorem 3.6) anderivation treeqTheorem 3.10). A more
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syntactic criterion was obtained, which can be implemented in a com-
putationally attractive way. This has been done in the DLP system (de-
scribed in [10]). These results may be applied to other rule-based for-
malisms which currently make use of explicit priorities.

Further work will concentrate on investigating even deeper the rela-
tionships to other approaches and possible translations from one method
of defeasible reasoning into another one. For instance, it seems to be
possible to reformulate defeasible reasoning as done here by means of
(extended) logic programs (see also [9]). Last but not least, the integra-
tion of defeasible reasoning into agent programming should be tackled
in greater detail.
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Appendix: Proof of Theorem 3.10

Let us first prove the first part of the statement. Thus, by hypothesis it
holds thatllg UH U A1 I hy for some set of possible facks with Mg U

H ¥ hy. This means, there is a derivatidp with Mg UH UA; -1, hs.
Sincellg does not contain any facts, the leave$imust be labeled with
literals fromH or presumptions ii\;. Since by hypothesis the activation
setH for (A1, hy) is non-trivial, there must exist a derivatid'rj for hy

that is identical withT1, but completed with additional sub-derivations
below those leaves i which are neither facts iR nor presumptions

in A1, and afterwards pruned wA,;.

Now, by precondition, there is a derivatid for h, pruned wrt.A,
such thafT] > T,. For each path € T,7, there must be a literdl € H,
since otherwise there would be a pathin T.P, such that no element
of H occurs int*, but this contradictd; > T,. Now we delete all sub-
derivations below nodes labeled with a litekad H. Obviously, the ob-
tained tre€Ty is a derivation tree, satisfyingc UH UA i1, hy. Hence,
it holdsMgUH UA, - hy. This completes the first part of the proof.

In order to show the second part, we first notice that since an argu-
mentA must be minimal (according to Definition 2.6, condition 3), for
each literalL, there can be at most one defeasible rule with HeidA .
Furthermore, sincElg is empty by precondition in this case, it follows,
that every argumenA, h) corresponds to exactly one derivation tfiee
This observation will be helpful in the following argument.

Let Ty be the derivation for(As,h;) (possibly pruned wrtAyj),
which exists by hypothesis. The leafs of this tree clearly are labeled
with program facts. LeH be the set of them. Obviousl1 UH I h;

(and Mg UH ¥ hy). Therefore, we concludé, UH  hy because of
(A1,h1) = (A2, hy) (by precondition). LeT, be the corresponding deriva-
tion (possibly pruned wrtd,), which is unique as just stated.

Let us assumé; % To. Then there must be a pathe T2F> such that
for all pathst; € TlP it holdst; ¢ tp. This means, in each path there
must be (at least) one literal which is not int,. Let H' the set of all
these literals. Clearlyyl’ is a non-trivial activation set fofAz,h;). Thus
by precondition, there must be a derivatibjwith Ao UH’ |_Tz' h,. Now,

T, can be completed with additional sub-derivations and prunedAart.
such that all leaves are facts. However, the obtained tree is different from
T, because it cannot contain the pgthBut this contradicts to the fact
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that derivation trees are uniquely determined. Hence, it haldsT,, and
finally (Az1,h1) > (A2, hy). This completes the second part of the proof.
O

Fig. 4. The authors. Bahia Blanca, Argentina, October 1999.
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