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Abstract. Defeasible logic is an efficient non-monotonic logic that theory is clumsy. The semantics we provide is considerabheral-

is defined only proof-theoretically. It has potential apation in
some legal domains. We present here an argumentation sesfant
defeasible logic that will be useful in these applicatidDar devel-
opment differs at several points from existing argumeotefiame-
works since there are several features of defeasible Ibgichtave
not been addressed in the literature.

1 Introduction

Defeasible logic is a practical non-monotonic logic. Thugit, and
similar logics, have been proposed as the appropriate tgeyfor
executable regulations [3], contracts [20], and businaksr|11].
There are several implementations of defeasible logid) eawhich
is capable of handling 100,000’s of rules [4].

Although defeasible logic can be described informally imris of
arguments, the logic has been formalized in a proof-theosetting
in which arguments play no role. In this paper we will provate
argumentation-theoretic semantics for defeasible logic.

There are already several different abstract argument&tone-
works [9, 7, 13, 18, 21, 22]. However, defeasible logic pleg sev-
eral challenges that have not yet been addressed by this work

(1) Defeasible logic has a “directly sceptical” semantiosthe
sense of Horty [12], also called “conservative” in Wagnet&ssifi-
cation [23]. Most argumentation-theoretic approachesigeoscep-
tical semantics as the common part of credulous semantidssa
do not address this sort of scepticism. (2) Defeasible lpgivides
three different kinds of rule, including a rule that canngpgort an
argument, only defeat one. Most argumentation-theorasikghave
addressed a single kind of rule. (3) In defeasible logicjtpescon-
clusions (that a proposition can be proved) are not the cohgicl-
eration; negative conclusions (that a proposition canegprioved)
are of equal significance. (4) Defeasible logic exhibitaftedefeat”
[10], in which one collection of arguments may defeat angthk
though no single argument defeats every argument in the otie
lection.

Technically, the main modifications we make to conventional

argumentation-theoretic frameworks are: the explicibiduction of
infinite arguments, the treatment of teams of argumentserahan
considering each argument only individually, and an iteeadefini-
tion of rejected arguments.

In addition to innovations we make in argument theory, tisaiite
ing argumentation-theoretic semantics will be advantagéor de-
feasible logic. The logic currently has no model theory, tiedproof

egant. It will prove useful in the intended applications efehsible
logic mentioned above, where arguments are a natural éeafihe
problem domain.

This paper is structured as follows. In the next section vesige
a brief introduction to defeasible logic. In this short peghere is no
room for full details; for those we refer the reader to [15k Wen
provide our argumentation-theoretic semantics for déiéalogic in
Section 3. We conclude with a discussion of related work.

2 Overview of Defeasible Logic

We begin by presenting the basic ingredients of defeasilglie.| A
defeasible theory contains five different kinds of knowledfacts,
strict rules, defeasible rules, defeaters, and a supigrietation. We
consider only essentially propositional rules. Rules aiming free
variables are interpreted as the set of their variableifrs@nces.

Facts are indisputable statements, for example, “Tweety is an
emu”. In the logic, this might be expressed-asu(tweety).

Strict rulesare rules in the classical sense: whenever the premises
are indisputable (e.g. facts) then so is the conclusion.dample of
a strict rule is “Emus are birds”. Written formally:

emu(X) — bird(X).

Defeasible rulesre rules that can be defeated by contrary evidence.
An example of such a rule is “Birds typically fly”; written forally:

bird(X) = flies(X).

The idea is that if we know that something is a bird, then we may
conclude that it fliesynless there is other evidence suggesting that it
may not fly

Defeatersare rules that cannot be used to draw any conclusions.
Their only use is to prevent some conclusions. In other watdsy
are used to defeat some defeasible rules by producing edderthe
contrary. An example is “If an animal is heavy then it might be
able to fly”. Formally:

heavy(X) ~ = flies(X).

The main point is that the information that an animal is heawyot
sufficient evidence to conclude that it doesn't fly. It is oelsidence
that the animainaynot be able to fly. In other words, we don't wish
to conclude- flies if heavy, we simply want to prevent a conclusion
flies.



The superiority relationamong rules is used to define priorities
among rules, that is, where one rule may override the coiotiuf
another rule. For example, given the defeasible rules

ro

1
ro:

bird = flies
brokenWing = —flies

which contradict one another, no conclusive decision cambde
about whether a bird with a broken wing can fly. Butif we intiod a
superiority relation> with ' > r, then we can indeed conclude that
the bird cannot fly. The superiority relation is required &aeyclic.

It turns out that we only need to define the superiority retatver
rules with contradictory conclusions.

It is not possible in this short paper to give a complete fdrma
description of the logic. However, we hope to give enougbrimia-
tion about the logic to make the discussion intelligible. i&er the
readerto [17, 6, 15] for more thorough treatments.

A rule r consists of iteaintecedentor body) A(r) which is a finite
set of literals, an arrow, and itonsequenfor head C'(r) which is
a literal. Given a seR of rules, we denote the set of all strict rules in
R by R., the set of strict and defeasible rulesfirby R.,, the set of
defeasible rules irkR by R, and the set of defeaters i by Ray:.
R[q] denotes the set of rules R with consequen. If g is a literal,
~ g denotes the complementary literal ifs a positive literap then
~qis —p; and ifg is —p, then~gq is p).

A defeasible theory) is a triple ( F, R, >) whereF is a finite set
of facts, R a finite set of rules, ang a superiority relation orf.

A conclusiorof 1) is a tagged literal and can have one of the fol-
lowing four forms:

+Agq, which is intended to mean thais definitely provable in>
(i.e., using only facts and strict rules).

—Agq, which is intended to mean that we have proved ¢hatot
definitely provable in.

+38q, which is intended to mean thatis defeasibly provable in
D.

—Aaq which is intended to mean that we have proved thistnot
defeasibly provable i.

Provability is based on the concept ofdarivation (or proof)
in D (F,R,>). A derivation is a finite sequenc®
(P(1),...P(n)) of tagged literals satisfying four conditions (which
correspond to inference rules for each of the four kinds efcao
sion). Here we briefly state the condition for positive defbe con-
clusions [6]. (P(1..7) denotes the initial part of the sequeneeof
lengths):

+a: If P(i +1) = +0q then either
(1) +Aq e P(1.5)or
(2) (2.1)3r € R.alqlVa € A(r): +8a € P(1..1) and
(22)—A ~qg € P(1.1)and
(2.3)Vs € R[~q] either
(2.3.1)3a € A(s) : —9a € P(1..1) or
(2.3.2)3t € R.a[q] suchthat
Va € A(t): +0a € P(1..1) andt > s

Let us work through this condition. To show thgis provable de-
feasibly we have two choices: (1) We show tht already definitely
provable; or (2) we need to argue using the defeasible patt aé
well. In particular, we require that there must be a striddefieasible
rule with heady which can be applied (2.1). But now we need to con-
sider possible “attacks”, that is, reasoning chains in supgf ~ g.

To be more specific: to provg defeasibly we must show that ¢

is not definitely provable (2.2). Also (2.3) we must consitier set
of all rules which are not known to be inapplicable and whiakieh
head~ ¢ (note that here we consider defeaters, too, whereas they
could not be used to support the conclusiothis is in line with the
motivation of defeaters given earlier). Essentially eaathsules at-
tacks the conclusiof Forq to be provable, each such rudenust be
counterattacked by a rutewith heady with the following properties:
(i) + must be applicable at this point, and @ijnust be stronger than
s. Thus each attack on the conclusipmust be counterattacked by
a stronger rule. In other words.and the rule¢ form a team (fory)
that defeats the rules

Argumentation for Defeasible Logic

Arumentation systems usually contain the following batscrents:
an underlying logical language, and the definitions of: arguot,
conflict between arguments, and the status of argumentslathe
ter elements are often used to define a consequence relatishat
follows we present an argumentation system containing tiovea
elements in a way appropriate for defeasible logic.

Obviously, the underlying logical language we use is thgleage
of defeasible logic; however, we consider facts to be stulets with
empty bodies.

Arguments are often defined to be either proof trees or mono-
tonic derivations in the underlying logic. However, defb&slogic
requires a more refined definition: as we have seen in thequgvi
section, rules form teams to support conclusions. Thus temdxhe
simpler notion of argument and we allow arguments to be sets o
proof trees (see example 2 for a more detailed explanafmfeasi-
ble logic also requires a more general notion of proof tre¢akdmits
infinite trees, so that the distinction is kept between aefuted, but
infinite, chain of reasoning and a refuted chain.

A proof treefor a literal p based on a set of rule® is a (possi-
bly infinite) tree with nodes labelled by literals such thg toot is
labelled byp and for every nodé:

e If by, ..., b, labelthe children ok then there is a ground instance
of arule inR with bodyd, ..., b, and head.

o If, in addition, & is not the root of the tree then the rule must be a
strict or defeasible rule.

If the rule at the root of a proof tree is strict or defeasibid ¢he
proof tree is finite we say it is supportive proof tredf all the rules
in a proof tree are strict then we say that it istact proof tree

An argumenfor a literalp is a set of proof trees fgr. We say that
an argument is finite if every proof tree inA is finite. An argument
A is strictif every proof tree inA is strict. If an argument is not strict
it is defeasible

An argumentA for p is asupportive argumerif every proof tree
for pin it is supportive.

Defeasible logic has three kinds of rules and only two of them
can be used to support the derivation of a conclusion. Defeaan
only block derivations. Intuitively a supportive argumesitan ar-
gument from which a conclusion can be drawn, but if we changed
its definition, replacing “every” with “some”, then we wouldve
the following scenario: lett and B be, respectively, the arguments
{r1 := p,r2 :~ p}and{rs : = —p} wherer, < rs andrs < rs.

A would be a supportive argument, and its conclusigmierivable,
but defeasible logic is not able to derivedp.

At this stage we can characterize the definite conclusiomeef
feasible logic in argumentation-theoretic terms.



Proposition 1 Let P be a defeasible theory andbe a literal.

e P+ +Apiff thereis a strict supportive argumentfprin Argsp
e P+ —Apiff thereis no (finite or infinite) strict argument ferin
Argsp

This characterization is straightforward, since striclesuare
the monotonic subset of defeasible logic. Characterizefgasible
provability requires more definitions.

A (proper) subargumentf an argumenti is a subtree of a proof
tree inA.

An argument is based on an ordered the@ry <) if every rule in
the argument is a ground instance of a rul®irClearly, a defeasible
theory(F, R, <) can be considered an ordered thepFyu R, <).
Argsp is the set of arguments based on the ordered thBory

An argument4 attacksan argumenB if a conclusion ofA is the
complement of a conclusion &.

An argumentd defeatsa defeasible argumer atq if there exists
ra € Aandrg € B with conclusions- g andg, respectively, such
thatr » £ rp. A setof arguments defeats a defeasible arguméhnt
if there isA € S that defeats3.

Example 1 Let ) be a defeasible theory containing the rules

b = -p
-p :>—|q

rn: a =p ra:

ro @ P =q rgq

the factsq, b, and the superiority relation is < r». We consider the
arguments

A: a = p = q

B: b = —-p = -—qg
A defeatsB both at—p, because, < r», and at-q, because there

is no superiority relation between andrs. B defeats4 atp for the
same reasod defeatsB at—p. 0

An argument4 team defeata defeasible argumem atq if for every
rp € B with conclusiony there exists a supportive rule € A with
conclusion~q suchthatg < ra.

Example 2 Let 1) be a defeasible theory containing the rules

=p ra: b
=p re : by

reoo g = p

ro @ do = p

the facts
a1, az, ]’)17 bg

and the superiority relation is, < ri, ra < ra.
Consider the argumennt

containing two proof trees4 team defeats:

e the argumenB; : b, = —psincers < ri;
e the argumenB, : b, = —p sincers < rs;
b

E —psincers < ry andry < ro.

bo o

e the argumenB; :

of the main aims of such a notion is to help establishing amict
arguments (that is, arguments that can be used to drawvgosin-
clusions). Let us consider a defeasible thebryobtained from the
defeasible theory of example 2 by replacing the nuleby the de-
featerrs : a> ~+ p. Let A be the argument

Since A contains a defeater, it cannot team defeat the arguient
of the previous example. Let us compare this situation viithdef-
inition of 4. r» cannot be used to deriye it is a defeater. On the
other hand- could be used to deriveif there is no applicable rule
for —p. But, in this case, we have andr4, and, wherr, is appli-
cable, we have a conflict between andr,. However,p could be
reinstated if there is an applicable supportive rule stesrtganr,
(2.3.2), but in this case the only rule stronger thars the defeater
ro, and s@ cannot be concluded from andrs. a

In an ordered theory, let sirongpr(S) be the set of arguments of
P, all of whose proper subarguments are supportedl.aq@bviously
S C strongp(S). Also note that, ifA,, A2 € strongp(S) are ar-
guments for a literay, then A, U A> € strongp(S). Thus there
is a maximal argument fog in sirongpr(S), which we denote by
maz(q, S). A defeasible argumemt is undercutby a set of argu-
mentssS if there is a literaly such thaktrongp(.S) defeats a proper
subargument oft atq, and A does not team defeatar(—q, S) at

It is worth noting that the above definitions concern onlyedei-
ble arguments; for strict arguments we stipulate that tteenot be
undercut or defeated.

Example 4 We consider again the defeasible thedrypof example
1. LetS = {a,b} be a set of arguments. The argument

A: a=p=gq

is undercut byS since the argumer® : b = —pisin strongn(S)
and it is the maximal argument ferp. MoreoverB defeats a proper
subargument oft atp, but it is not team defeated by atp. O

That an argument is undercut byS means that we can show that
some premises of cannot be proved; the next example explains the
reason for the use of team defeat in the definition of undercut

Example 5 Let 1)’ be the defeasible theory obtained from the de-
feasible theory of example 2 by adding the rple=- 4. And let
S = {a1,a2,b1, b2} be a set of arguments. Ldtbe the argument

a

U
P p=q

as

Notice that each of the argumen®, B., and B; of example 2
defeatsA atp, but A is not undercut bys atp since the argumem
team defeats thevar(—p, S) in strongp/(S). Heremax(—p, S) is
the argumenB; of example 2. Thus team defeat in the definition of
undercut is necessary to be consistent with the use of tefeatds
the top level of arguments. |

Example 3 Some explanation is due to justify the exclusion of ar- An argument4 is supportedy a set of arguments if every conclu-

guments ending with a defeaters from the notion of team dé&ea
also the comment about supportive arguments above). Fafitane

sion in A is also the conclusion of a supportive argumengin
An argumentA for p is acceptablev.r.t a set of arguments if



1 Ais strict, or

2a every proper subargument dfis supported bys, and

2b every argument attacking is either undercut by or team de-
feated byA.

Let P be an ordered theory. We defidg as follows.

o JF =0
o Ji ={a € Argsp | ais acceptable w.r.t7”}

The set ofustified argumentis an ordered theorp is J Args” =
ue, JF.

A literal p is justifiedif it is the conclusion of a supportive argu-
ment in.J Arg"

Theorem 2 Let P be a defeasible theory. Lptbe a literal.
P+ +apiff pis justified.

This theorem provides a characterization of positive defda
conclusions in defeasible logic by means of justified arguse

That an argument is justified means that it resists every reason-

able refutation. However, defeasible logic is more expvessnce it

is able to say when a conclusion is demonstrably non proaisie
Briefly, that a conclusion is demonstrably non provable rsethat
every possible conclusive argument has been refuted. [fotioev-
ing we show how to capture this notion in our argumentatiost sy
tem by assigning the status rejected to arguments that furede
Roughly speaking, an argument is rejected if it has a rejestdar-
gument or it cannot overcome an attack from a justified argume

An argumentA is rejectedby sets of argument$ and7 when

1 Ais not strict, and either

2a a proper subargumentdfis in S, or

2b there exists an argumeRtattacking4, such that? is supported
by T, andA does not team defedt.

We defineR! as follows.

e RE=0
° Rf_’l_1 = {a € Argsp | aisrejected byrR] and.7 Args"}

The set ofrejected argumenis an ordered theory is RArgs”
us, RE.

Aliteral p is rejectedf there is no argument irirgs » — RArgs”
that ends with a supportive rule fpr

Theorem 3 Let P be a defeasible theory. Lptbe a literal.
P+ —apiff pis rejected.

Example 6 The following defeasible logic theory illustrates why

e each argument, is attacked byB; atas,.
e each argumen®; is attacked by3,_; ath;_;.

Eventually, both4; and B; will be rejected, since neither can team
defeat the other, but this cannot be done until the stattis efis de-
termined. As noted above, this dependsin ;. Thus the situation
incorporates some sequentiality, whége ; mustbe resolved before
resolving B;, and this suggests that a characterizatioRdfrgs”
must be iterative, even after all the justified literals hagen identi-
fied. a

We conclude this section with examples demonstrating hoav tw
traditionally problematic features of argumentation aamdied by
our semantics.

Example 7 (Self-defeating arguments) In this example we show
how our framework deals with the so called self-defeatiggarents.
Consider the defeasible theory with no facts, an empty soritge-
lation and the following rules:

true = p

p =p

This defeasible theory produces the following conclusief—p.
The arguments that can be built from the theory are:

A1Z
AQ:

true
= p

= p
true = p

Here A, is a self-defeating arguments. Since the superiorityiozlat

is empty there is no team defeat; , although supported by,”, is

not acceptable in{” since there is an attacking argume, which

is not undercut byJ: no proper subargument of, is defeated
by an argument supported bi{". For the same reasos, is not
acceptable in7/". Consequently/” = .77, and therefore/ Argp

is empty. Furthermored, € RArg". The reason why, is re-
jected is the following: althought, is not justified, it is supported
by JArgs®, and so it can be used to stop the validity of another ar-
gument, since we have no means of deciding which one is togse pr
ferred. On the other hand\, cannot be rejected since the argument
attacking it (4-) is not supported by Args”: as we have already
seertrue = p is not a justified argument. |

Example 8 (Circular arguments) Here we examine circular argu-
ments. Very often circular arguments are not considerecttoue
arguments since they represent a very well known fallaay,thay

RArgs” needs to be constructed iteratively, even after all the jus@re excluded from the set of arguments using syntacticalitlefis.

tified literals have been identified.

There are the following rules, far=1, ... n:
true = b;
a; = —b;
bi.i = a;
true = —a;

and the facb,. The superiority relation is empty.

This  theory produces the following
—da;, —8=a;, +8b;, —0—b;, fori =1,... n.

The arguments defined by this theory are, for each

conclusions:

A
B, :

true =

=

—a;

true = b1 = —b;

@,

and their subarguments. Notice that

Briefly an argument is circular if a conclusion depends celfitas a
premise.

In our approach, circular arguments correspond to infimiel-a
ments, and they are not justified. At the same time, howdvey,dre
not automatically rejected. Moreover, such an argumenbeamsed
to attack (and defeat) other arguments.

Let us first consider the defeasible thedpy consisting of the
rules

p =q
q =0p

It is immediate to see that the only possible arguments hrer¢ha
infinite arguments

A ... op = g = p = gq
As qg = p = q = p



They are not justified since no proper subargument is judtiied
they are not rejected since no proper subargument is rejeatd
there is no argument attacking them.

The meaning of the theory at hand is that if something, ithen
normally is¢q, and if something ig, then normally isp. Thus this
amounts to say that normallyandq are equivalent properties.

We add to/2; the following rules:

q =7

true = —r

obtaining the defeasible theory-. In this scenario each argument

for r is infinite, circular, and rejected since there is a supjploate
gument for—r. However, the argumem; : true = —r iS not

justified, since each argument foattacks it and is not undercut (no

argument attacks a proper subargument of an argumeny.for
Finally 775 is obtained from/). by adding the rulegirue =
—p. Now A, becomes justified since, trivially, the argumety :

true = p is supported by/,’®, A, attacksA», and therefore each

argument for is undercut. o

4 Related Works

[14] proposes an abstract defeasible reasoning framevinarkis
achieved by mapping elements of defeasible reasoning lietalé-
fault reasoning framework of [7]. While this framework isitaible
for developing new defeasible reasoning languages, itisppro-
priate for characterizing defeasible logic because:

e [14, 7] do not address direct scepticism.

e [7] does not address Kunen'’s semantics of logic programshwhi

provides a characterization of failure-to-prove in deiieladogic
[16].

e The correctness of the mapping needsto be establisheq is[to}
be applied to an existing language like defeasible logitattthe
representation of priorities is inappropriate for defbkesiogic,
although results of [2, 1] might be adapted to remedy thigtpoi

The abstract argumentation framework of [22] addressds statt
and defeasible rules, but not defeaters. However, thente#t of
strict rules in defeasible arguments is different from thfadefeasi-
ble logic, and there is no concept of team defeat. There aretstal
similarities between the definitions of inductive warrantlavarrant

in [22] and.7” and.7 Args », but they differ in that acceptability is
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