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0.1 Introduction

In this chapter, we will concentrate on the defeasible approach to nonmonotonic rea-
soning, as opposed to the minimalist approach and the fixpoint approach. Formalisms
following the minimalist approach, like circumscription [McC80, McC86, Lif85], ook
at models of aclassical theory that are minimal with respect to some set of predicates
occurring in the theory. Fixpoint formalisms include McDermott’s and Doyl€’'s non-
monotonic logic [MD80], Reiter’s default logic [Rei80], and Moore's autoepistemic
logic [M0084, M0088]. Default rules in these systems involve a special condition for
application, which is explained in the proof theory. By applying rules in an arbitrary
order, some other rules may become blocked, and eventually, a fixpoint is derived
from where no new conclusions can be reached. At afixpoint, every default is either
inapplicable or applied. The same holds for minimal models.

In the defeasible approach, defaults are treated quite differently. The intent of a
default A — pisthat p will normally be derivable from atheory containing this default
whenever A is derivable. However, it is possible to have a theory containing A — p
from which both A and —p can be derived. If thisisthe case, therule A — p issad
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to be defeated. Rules which can be defeated are called defeasible rules and logics
using defeasible rules are called defeasible logics.  1n a defeasible logic formalism,
extensions of theories are formed, in which each ruleis either inapplicable, applied or
defeated.

In case of a conflict, defeasible logics usually rely on some kind of ordering on
defeasiblerules or sets of rulesin an attempt to resolve this conflict. This prioritization
can be implicitly present in the knowledge base, in which case it is based on some
notion of specificity, or explicitly given by the user. Both approaches have their pros
and cons, which will be discussed at the end of this chapter.

Whenever the ordering on rules does not alow to resolve the conflict, a defeasible
logic formalism can adopt either a credulous or a skeptical strategy. Using the
credulous strategy, an arbitrary rule among the competing but incomparable ones is
chosen for application. A credulous reasoner wants to draw as much conclusions as
possible, so that he prefers to apply one of these rules instead of concluding nothing.
Asaresult, thiscredulous strategy |eadsto multipleextensions. Following the skeptical
strategy, no conclusion is drawn, and the conflicting rules are said to defeat each other.
A skeptical reasoner wants to draw a conclusion only when he's very sure about it,
so that in case of doubt, he doesn’t conclude anything. This strategy always yields a
unique extension. Another way to arrive at aunigque extensionisto be credulous, derive
multiple extensions and then take the intersection of these credulous extensions. Inthis
case, we obtain the conclusions of which we can be very sure, because they aretruein
every possible world. This approach can be considered as being skeptical after taking
into account all possibilities, and is therefore called the indirectly skeptical approach.
The indirectly skeptical approach usually seems to fit closer to our intuition than the
directly skeptical approach, but it is aso the most costly regarding computations.

Formalisms following a directly skeptica approach can differ in the way they
deal with ambiguities. Whenever there is an ambiguity about a proposition p which
cannot be solved by considering priorities, p will not be a conclusion because of the
skeptical attitude. However, aformalism can forget about this ambiguity, and therefore
also forget that there was a reason to believe p, or it can register p as an ambiguous
proposition which can still interfere with other conclusions. The first approach will be
called ambiguity-blocking, while the second one is ambiguity-propagating [ Ste92].

In order to treat all formalisms alike, we will make some notational conventions
which we will adhere to throughout this chapter. A literal is a propositional constant
p or the negation ~ p of a propositional constant; p and ~ p are complements of each
other. Where p isany literal, we denote the complement of p as—p. Where A isafinite
set of literalsand p isaliteral, astrict ruleis denoted A = p, and adefeasibleruleis
denoted A — p. Strict rules are sometimes referred to as sentences or necessary facts,
while defeasible rules are also called default rules or defaults. Some formalisms allow
athird kind of rule: adefeater, denoted A ~» p. A defeater can defeat adefeasiblerule,
but can never support inferences directly. A defeater will therefore aso be called an
interfering rule. Anexampleof astrict ruleis”Everythingin Brusselsisin Belgium™’.
“Birds fly” is a defeasible rule, because it can be defeated when we acquire more
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information. An example of an interfering rule is “A sick bird might not fly”. We
usually omit the set brackets when the antecedent set has only one member, and we
usually omit an empty antecedent set altogether. Thus {p} — ¢ is usualy written
p — g and () — ¢ isusualy written — ¢. Antecedents of strict rules and defeaters are
non-empty sets, but defeasible rules might have empty antecedents. A defeasible rule
with an empty antecedent can be considered as a presumption. For arule r, we usethe
notations B(r) for the body of the ruleand H (r) for the head.

Because some formalisms consider the body of a rule as a conjunction of literals
instead of a set, we aso introduce the notation C'B(r) for the conjuncted body of r,
i.e. the conjunction of literals present in the body of r. Put otherwise, when r isarule
A —p,thenB(r) = A, H(r) = pand CB(r) = A 4ca . Whenever aformalismis
defined for afirst-order language, we will simply consider the grounded instances of
the rules containing variables. Although some formalisms aso alow more complex
rulesinvolving e.g. digunctions, we will restrict the rulesin this discussion to the ones
described above.

A knowledge base isa set of rules R. Some defeasible logics consider all rules to
be defeasible, others also allow strict rules and occasionally, interfering rules can be
found. When necessary, we will refer to the strict, defeasible and interfering parts of
RasR,, Ryjand R;, i.e.

Ri={A=p|A=peR}

RdZ{A%p‘A%pER}

and
Ri={A~p|A~peR}

A defeasible theory T is a knowledge base R together with a (possibly empty) set
O containing literals, representing the observations. Observations are also called
evidences or contingent facts.

Sometimes, some kind of additional structure is added to represent explicit priori-
ties. In this case, the knowledge bases and defeasible theories are said to be ordered
(or prioritized). From a technical point of view, ordered defeasible theories can live
without strict rules and observations: their impact can be simulated by giving the
corresponding defeasible rules top priority. Although the additional structure for rep-
resenting explicit priorities can take different forms, we usually can rewrite adefeasible
theory with ordering as a general ordered theory (Q, <, R, f), where (Q, <) isafinite
totally or partially ordered set of nodes, R afinite set of defeasible rules, and f a
function assigning a set of rules to each node. In this framework, strict rules and
observations can be treated the same way as defeasible rules, provided that they are
assigned to a node with top priority. The set of nodes Q = {wq, ...,w,} can aso
be considered as a set of perspectives, labels or weights. Typicaly, there will be a
uniguetop node, which will be called wqy. Furthermore, al theinformation at w; hasthe
same level of priority or certainty and has precedence over theinformation at w; where
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w; > w;. When the knowledge base is totally ordered, we agree that the ordering is
givenby wo > w1 > ... > wy.

Some formalisms discussed here, interpret the default implication (—) and the
strict implication (=) as unidirectional, using modus ponens as inference rule. The
consequence relation for these formalisms will be denoted by |~. Others however
interpret the implications as material ones, using the classical consequence relation .
As aresult of this, they alow contraposition. In other words, from the default “birds
fly” (b — f), they conclude that nonfliers, by default, are not birds. It can be argued
whether or not contraposition is a desirable property of a nonmonotonic formalism.
E.g. [Gin94] for the default “humans tend not to be diabetics’, it seems unreasonable
to conclude from this that diabetics tend not to be human. If contraposition is not
applicable in a formalism, it can be simulated by explicitly adding the contraposed
information whenever required. However, when aformalism doesallow contraposition,
this reasoning mechanism cannot be disabled. The interpretation of implications and
the allowance of contraposition are controversia topics on which the defeasible logics
tend to disagree. Depending on the interpretation of rules, (in)consistency should be
understood as (in)consistency with respect to the classical consequence relation +, or
to the restricted consequence relation f~.

An interpretation of a defeasible theory 7" is a function assigning a truth-value to
each proposition occurring in 7. An interpretation M is amodel of T if it satisfies
every observation and strict rule occurring in 7', i.e. if M = o for eacho € O, and
M = CB(r) D H(r) for esch r € R,. Because a defeasible theory can contain
defeasible and interfering rules which can be defeated, one can hardly expect that each
rule is satisfied in amodel. Indeed, a defeasible or interfering rule r can be verified,
satisfied or falsified. A model M issaid to verify r if M = CB(r) A H(r), to satisfy
rif M = CB(r) D H(r) and tofalsifyr if M = CB(r) A—H(r).

In this chapter on defeasible logics the following formalisms will be discussed:
basic defeasible logic [Nut92, Nut88], ordered logic [VNG89a, VNG90, GVN9Y4,
GLV91, Lae90], conditiona entailment [GP92], Brewka's system of preferred subthe-
ories[Bre89], Pearl’s system Z [Pea90] and the argumentation-based system of Simari
and Loui [SL92]. We will compare and catalogue these formalisms with respect to
their basic design choices such as the approach to express priorities among defaults,
the attitude towards conflicting defaults (skeptical or credulous), the interpretation of
rules and the allowance of contraposition.

0.2 Pearl’'ssystem Z

Pearl’s system Z [Pea90] is a defeasible logic formalism by means of which a total
ordering can be imposed on most sets of defeasible rules. System Z is based on
a probabilistic interpretation [Adar5, Pea89] of rules. a defeasible rule A — p is
interpreted as asserting that the probability of p is high, given that A represents all
the available evidence. As aresult, system Z transforms a set of rules into a totally
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ordered partition Rg, Ry, - . ., R,,, whenever possible. Such an ordered partition of aset
of defeasible rulesis called the Z-ordering. Theideaisthat lower ranked rules contain
more normal, or less specific, information. The consequence relation of system Z is
based on the preference relation among models [ Sho87b, KLM90] which results from
the rule ranking.

0.2.1 Derivinganatural ordering of defaults

In system Z, knowledge bases contain only defeasible rules. The default implication
— isinterpreted as material implication O. In other words, arule

{ag,...;a,} — b
istreated as the logical formula
aN...Na, Db

Therefore, no restrictions are imposed on models: because there are no strict rules
which have to be satisfied, amodel is an ordinary interpretation. The derivation of the
Z-ordering is based on the notion of toleration.

Definition 1 Let R be aknowledge base containing only defaults. A subset R’ C Ris
saidto tolerate arule r if thereisamoded that verifiesr and satisfies all rulesin R’.

The process of finding a Z-ordering for a set of defaults R is defined as follows:
every rule that is tolerated by all the other rulesin R isin Ro. Next, every rulethat is
tolerated by the remaining ones (therulesin R — Ry) isin R;. Continuing in thisway,
the process stops with afull partition, the Z-ordering, or with some rules which are not
tolerated by the remaining ones. If thereisafull partition, the set of defaults can be
considered to be Z-consistent. Z-consistency is aso called p-consistency in [Ada75]
or e-consistency in [Pea88]. For example, R = {a — p,a — —p} isnot Z-consistent,
because none of the rulesistolerated by the other one.

System Z can only derive conclusions for Z-consistent sets of defaults. For such
aset of defaults R, the ranking among rules can be translated into preferences among
models. Therank of aruler isgivenby Z(r) = j iff r € R;. Therank associated with
amodel M isgiven by

Z(M) = min{i | M = CB(r) > H(r), Z(r) > i}

which is the rank of the highest-ranked rule falsified by M plus 1. The rank of a
formula f is given by

Z(f) =min{Z(M) | M |= f}
The next definition gives us a reasonable notion of entailment, based on the ideathat a
formula g is a plausible consequence of f if the models of f A g are preferred to the
models of f A —g.
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Definition 2 Let R be aZ-consistent set of defaultsand O = {04, 0, ..., 0,} aset of
observations. A litera p is said to be Z-entailed * by T = (O, R), denoted T |, p, if

Z(0gNogA...Nop Ap) < Z(og NogA...\op A—p)
where < isthe Z-ordering induced by R.

As aresult of this entailment definition, system Z can considered to be skeptical:
whenever both formulae oy A 0s... Ao, Apand oy A o,... Ao, A —p have the same
Z-rank, no conclusion about p is possible.

In contrast to other formalisms based on probabilistic or preferential model ideas,
likep-entailment [Ada75], e-entail ment [ Pea88] and r-entailment [LM88], Z-entailment
properly handles irrelevant features, e.g. from “birds fly” we can conclude that “red
birds fly”. Z-entailment also sanctions rule chaining and allows contraposition, due
to the classical logic interpretation of defaults. One of the shortcomings of system Z
is that it suffers from the so-called drowning problem, as illustrated in the following
example.

Example 1 Consider the knowledge base
R={p—bp—>-f,b— f,b > w,sf — b}

Let p standfor penguin, b for bird, f for fly, w for wingsand s f for something feathered.
The Z-ordering induced by R is

Ro={b— f,b = w,sf — b},

Ri={p——~f,p—b}

When O; = {sf},wegetthat (O, R) -, f,because Z(sf A f) = 0and Z(sf A f) =
1. Thisillustrates the fact that rules (sf — b and b — f) can be chained. For O, =
{-b}, system Z entails —p, because Z(—b A —p) = 0and Z(—b A p) = 2. Therefore,
we can conclude that contraposition (of the rule p — b) is allowed. For the set of
observations Oz = {p, sf}, weget that (O3, R) -, —f, because Z(p Asf A—f) =1
and Z(pAsf A f)= 2. Theambiguity about f issolved correctly, based on specificity
reasons: being a penguin is more specific than being a bird. The presence of the
irrelevant feature s f causes no problem. However, w isnot a Z-entailed conclusion:

ZpANsfAw)=Z(pAsfA-w)=1

Although a penguin is an exceptional bird with respect to the ability to fly, nothing
prevents him from having wings. As a consequence of the Z-ordering, a penguin is
declared to be an exceptiona bird in al respects, so that no property of birds can
be inherited. This weakness of system Z, which can aso be found in some other

Pearl usesthe name 1-entailment instead of Z-entailment, and consistency instead of Z-consistency.
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systems, is called the drowning problem [BCD*93]: the inability to sanction property
inheritance from classes to exceptional sub-classes.

Another problem of this consequence relation is that the commitment to a unique
integer ranking sometimes yields unintuitive results.

Example 2 Consider the knowledge base

R ={gap — p,p = b,gap — f,p = —f,b— f,s = ~f}

together with the observations O = {gap, s}. Let gap stand for genetically-atered
penguin, s for sick andletp, b and f beasinthepreviousexample. TheZ-ordering gives
usRo=1{b— f,s > f}, Ri={p— b,p— —f} and R, = {gap — p, gap — f}.
Because Z(gap A s A f) < Z(gap A s A —f), weget (O, R) -, f, whichisnot what
we expect.

To remedy thiskind of problems, amore refined ordering is required.

0.2.2 System Z™: resolving remaining ambiguitiesby explicit means

System Z* [GP91] can be considered as an extension of system Z, evolved by the
(correct) observation that not al prioritiesamong rulesare specificity-based. Therefore,
there are priorities which cannot be extracted from the knowledge base, but should be
encoded on arule-by-rule basis. To makethispossible, each default is supplied with an
integer, signifying the strength with which the rule is stated. Similar to system Z, we
want to make each model as normal as possible, by assigning to it the lowest possible
non-negative integer permitted by the constraints. Once again, this ordering is unique.
The process of finding this Z*-ordering is slightly more complicated because of the
presence of the strength associations, and computes the ranking of models and rules
recursively in an interleaved fashion.

The step by step procedure for computing the Z+ ranking for a set of defaults R
and itsmodelsis defined asfollows. Let Rq bethe set of rulestolerated by R. For each
rule r; with strength ¢; in Ro, set Z*(r;) = d;. Aslong as there are rules without Z*
rank, we can compute the Z* rank for models falsifying only rules having a Z* rank
and verifying at least one of the other rules, by the formula

ZH (M) =maz{Z*(r;) : M = CB(r;) A\=H(r;)} + 1

For each rule r; without Z* rank whichisverified in such aminimal model M, wecan
establishits Z+ rank by
Z+(TZ') = Z+(M) + 51

The definition for Z*-entailment is similar to the one for Z-entailment.

The additional rule strengths make it possible to refine specificity-based priorities.
The following remark can be made: no matter how we choose the integers assigned
to the defaullts, it isimpossible to obtain Z*(r) < Z*(r") whenever r contains more
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specific information than r’. In other words: the additional tools to encode explicit
prioritization cannot override the specificity criterion, but can only help to resolve
conflicts which are not specificity-based. The input priorities influence the ranking
of rules, but don't dominate: they undergo adjustements so that compliance with
specificity constraints is automatically preserved. However, some of the weaknesses
of system Z are inherited, among which the inability to sanction inheritance across
exceptional subclasses. The user can partially bypassthis obstacle by means of therule
strengths he assigns to the involved rules. However, it is intuitively not clear [GP91]
why strengths have to be assigned that way, and therefore, this solution is not entirely
satisfactory.

0.3 Conditional entailment

In the system of conditional entailment [GP92, Gef92], some weaknesses of system Z
are remedied. Instead of a deriving atotal ordering on sets of defaults, an irreflexive
and trangsitive (strict partial) order on defaults is extracted from the knowledge base.
Thenotation r» < r’ meansthat the default »' has higher priority than the default ». The
admissible priority orderings should reflect the preferences implicit in the knowledge
base. Theresulting preference relation on modelsispartial aswell, and favours models
violating minimal sets of (low priority) defaults. Conditional entailment can be used
for theories containing strict rules ?

and defaults. Both kind of rules are interpreted as classical logic formulae, i.e. —
and = are treated as the material implication D.

Whether or not a priority ordering is called admissibleis determined by the notion
of conflict. A set of defaults D C R, issaid to bein conflict with adefault » € Ry, in
thecontext R, iff B(r)UR;UD + —H(r), wheret standsfor the classical consequence
relation, B(r) and H (r) for the body and the head of rule r, and R, for the subset of R
containing all the strict rules. Thenotion of conflict isrelated to the notion of toleration
introduced by Pearl [Pea90]: a set of defaults D isin conflict with arule r iff r is not
tolerated by D.

Definition 3 Let R beaknowledgebase containing strict and defeasiblerules, inwhich
R, represents the subset of defeasible rules. An irreflexive and transitive ordering <
on R, is an admissible priority ordering if every set of defaults D C Ry in conflict
with adefault r € R, containsadefault ' € D suchthat ' < 7.

The intuitive idea behind this definition is that when p is al the evidence that is
given, adefault p — ¢ should be applied, even in the presence of sets of defaultsin
conflict with p — ¢. A knowledge base R can have none, one or more admissible

2In Geffner’sterminology, a set of strict rules L and a set of defaults D form together a background
context. A default theory T' consists of a background context and an evidence set E, containing
information specific to the hand. A falsified default is called violated
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priority orderings. Whenever there is at least one admissible priority ordering, R is
called conditionally consistent. The concept of conditional consistency is similar to
Z-consistency, p-consistency and e-consistency.

Example 3 For aknowledge base
R={-p—q,7¢—p,— —p,— ¢}
no admissible priority ordering can be found. This set is not conditionally consistent.

Usualy, when M isamodel of R, meaning that M satisfies all strict rulesin R,
some defeasible rules of R, will be applicable, but not applied in M. Theserules can
be considered as falsified or violated rules, and will be denoted by V'.S(M).

Definition 4 Let R be aknowledge base containing a set of strict rules R, and a set of
defeasiblerules R,;. Anadmissible prioritized structureisaquadruple (I, <;, Ry, < ),
where I standsfor the set of interpretations, < isapriority ordering over R, admissible
with R and <; isabinary relation over I such that for two interpretations M and M,
we havethat M <; M'iff V.S(M) # V.S(M') and

Vre VS(M) - VSM)3Ir' e VS(M') - VS(M) : r <7

Priority orderings may not contain infinite ascending chainsry < r, < r3 < ...
With this restriction, it can be shown (see [Gef92]) that when (I, <, R4, < ) isa
prioritized structure, the pair (I,<; ) is a preferential structure [KLM90, Mak89,
Sho87a], meaning that therelation < ; isalsoirreflexiveand transitive. Inapreferential
structure (I,<; ), M <; M' means that M is preferred to M'. M is a preferred
model if thereisno model M’ preferred to M. Therefore, conditional entailment can
be considered as an extension of preferential entailment, defined in terms of the class
of admissible prioritized structures, induced by the admissible priority orderings on
defaults. The following definition shows that the attitude towards conflicting defaults
can be considered to be indirectly skeptical.

Definition 5 Let T be a defeasible theory consisting of the knowledge base R and a
set of observations O. A litera p isconditionally entailed by T', denoted T+, p, iff p
holdsin al the preferred models of T' of every prioritized structure admissiblewith R.

It can be shown (see [Gef92]) that only minimal prioritized structures, induced by
minimal admissible priority orderings, need to be considered. An admissible priority
ordering is minimal when no set of tuplesr» < r’ can be deleted without violating the
admissibility constraints. Asaresult, the cost of computing conditional entailment can
be considerably reduced.

Another remark that can be made is that no admissible prioritized structures exist
for conditionally inconsistent sets of rules. Because conditional entailment is defined
in terms of such structures, it is restricted to be used for conditionally consistent sets
of rulesonly.
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Like system Z, conditional entailment sanctions rule chaining, contraposition and
the discounting of irrelevant features. However, it doesn’t suffer from the drowning
problem and other problems caused by the commitment to atotal ordering of defaults
and models, as shown in the two following examples.

Example 4 Consider again the knowledge base 2
R={p—>bp—-f,b— f,b > w,sf — b}

introducedinexample 1. Firstwehavetolook for admissiblepriority orderings. Theset
of defaults {p — b,b — f} isin conflict withp — —f because {p,p D b, D f} F f.
Likewise, {b — f,p — —f} isin conflict with p — b. Because priority orderings are
transitive and irreflexive, we obtain a unique (minimal) admissible priority ordering,
whereb — f <p — -fandb— f <p—b. Thepriorityof p — boverb — fis
an important requirement caused by the allowance of contraposition. Indeed, without
the priority b — f < p — b, we would not be able to conclude b from p. This can be
considered as aslight disadvantage of the system, because this priority does not appear
justified on specificity grounds. For a set of observations O, = {sf}, thereisaclass
of modelswhich violate no default, and which is therefore preferred. I1n these models,
the literds sf, b, f,w and —p hold, and are therefore conditionally entailed. These
inferences involve default chaining (sf — b,6 — f) and contraposition (f — —p).
It is obvious that —p cannot be a conclusion in formalisms without contraposition.
When an additiona observation p is made, O, = {sf,p} givesrise to three classes
of minimal models. Models of the first class contain sf, p, b, w and —f and violate
default b — f. Models of the second class contain sf,p,b,w and f and violate
p — —f. Modds of the third class contain sf, p,—b,—f and violate p — b and
sf —b. Becauseb — f <p — —~fandb — f < p — b, modelsof thefirst classare
preferred, since they violate a less important default. Therefore, the literals b, w and
- f are conditionally entailed, illustrating that conditional entailment properly handles
specificity information and doesn’t suffer from the drowning problem.

This example aso shows that conditional entailment can deal with irrelevant informa-

tion: the fact that the penguin has feathersisirrelevant for concluding that he will not
be abletofly.

Example 5 Reconsider the knowledge base

R={g9ap > p,p = bb— f,p— ~f,gap — f,s — —f}

3In most formalisms allowing strict and defeasible rules, the knowledge that penguins are birds is
expressed by a strict rule.  To illustrate the impact of a set of defeasible rules, they usualy give an
alternative version of this sort of example, saying that “typical university-students are adults’, “typical
adults work” and “typical university-studentsdon’t work”. However, as we pursue uniformity, we will
adhere to the penguin example
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introduced in example 2. The unique minimal admissible priority ordering is given by
p—f<gap—p,p—-f<gap—>f,b—=>f<p—o>0bb—f<p—f,
b— f<gap—pandb— f < gap— f.

As aresult, there are two classes of minimal models for the set of observations
O = {gap, s}: modelsof thefirst class contain theliteras gap, s, p, b, f and models of
the second class contain gap, s, p, b and —f. Both classes are preferred. Therefore, no
conclusion can be made about f or —f, which correspondsto our intuition.

Unfortunately, it can be shown that conditional entailment has a problem with
inheritance reasoning, as aresult of allowing contraposition:

Example 6 Consider the knowledge base [GP92]
R={a—bb—c,c— ~dya—d}

There are four admissible and minimal priority orderings. When the observation a
is made, al four priority orderings lead to the same two classes of minima models.
Models of thefirst class contain a, b, c and d, while models of the second class contain
a, b, d and —c. Thislast class of models doesn’t occur in formalismswithout contrapo-
sition. We get that a, b and d are conditionally entailed. However, c isnot conditionally
entailed, whereas it would be sanctioned by most inheritance reasoners.

This example illustrates that conditional entailment does not subsume inheritance
reasoning. This problem is acknowledged by Geffner [GP92], but no solution is
proposed. System Z suffers from the same problem.

In [GP92, Gef92], Geffner also proposes a proof theory for computing the condi-
tionally entailed literals. The proof theory is structured around the notion of arguments
[Lou87, Pol87a] and usesthe admissiblepriority orderingson rulesto select arguments.

0.4 Theargument-based system of Simari and L ouli

Simari and Loui present an argumentative approach [SL92] to defeasible reasoning.
An argument can be considered as a set of defaults indicating support for a certain
literal. However, this support doesn’t guarantee that the literal will be concluded:
counterarguments and specificity should also be taken into account. The system of
Simari and Loui combines features of prominent argument-based formalisms: the
notion of argument of Loui [Lou87], the specificity comparator of Poole [Poo85] and
the interaction among arguments as described by Pollock in his theory of warrant
[Pol87b]. The problem with Pool€’s specificity comparator isthat nothingis said about
how to apply it to interactions among arguments. Pollock on the other hand treats
the interaction among arguments properly, but doesn’t rely on specificity. The early
definition of Loui was insufficient from a mathematical point of view.
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The defeasible theories # which are considered in this system usually contain a set
of defaults R,, a set of strict rules R, representing necessary information and a set
of observations O. The rules can contain free variables, but arguments are composed
using grounded instances. Consequences are derived using modus ponens and, in the
first order case, instantiation. Contraposition is not allowed. The only condition on a
defeasible theory containing rules R and observations O isthat O U R, is consistent.
In what follows, we consider strict and default rules to be grounded. Furthermore,
observations are grounded literals.

In Simari’sand Loui’ sargument-based system, an argument structureisaconsi stent
set of defaults needed to derive a literal. However, in contrast to Pool€e's definition
[Poo85], this set of defaults needsto be minimal. Such aminimal set does not contain
aredundant rule, i.e. arulethat isunnecessary for infering theliteral. Similar to Poole,
an irreflexive an transitive priority relation on argument structuresis derived, based on
specificity.

Definition 6 Let O be a set of observations, and R a knowledge base with strict part
R, and defeasible part R, in the defeasible theory (O, R). Let A C R, be a set of
defaultsand p aliteral. (A, p) isan argument structureiff A isaminimal set of defaults
forwhichOUR;U A |~ pand O U R, U A isconsistent. For two argument structures
(A,p) and (B, q) such that B C A, we say that (B, q) is a subargument of (A, p),
denoted (B, q) C (A, p).

Definition 7 Let T = (O, R) be a defeasible theory and let (A4, p1) and (A, p,) be
two argument structures. The argument structure (A;, p1) is said to be strictly more
specific than the argument structure (A, p,) iff

1. for each set of grounded literals E suchthat R,UEU Ay ~ pyand RyU E X py,
itisasothecasethat R, U E UA; |~ po; and

2. HESUChthatRSUEUAZ P\Jpz,RSUE %pzandRSUEUAl %pl.

The idea behind this definition is that argument A; is strictly more specific than
argument A, if every nontrivial condition which activates A, also activates A,, but not
the other way round. This priority ordering on argument structures can then be used to
solve conflicts, by selecting those argument structures which are “better” than others.
For this purpose, some relations among argument structures need to be defined.

Definition 8 Let T = (O, R) be a defeasible theory and let (A1, p1) and (A, p,) be
two argument structures. The argument structures (A;, p1) and (A4, p,) are said to
disagreeiff R, UO U {p1, po} yieldsan inconsistency. The argument structure (A1, p1)
isacounterargument of (A, p,) at p iff thereisasubargument (A, p) of (A, p,) such

4In Simari’sand Loui’sterminology, adefeasibletheory is called adefeasiblelogic structure. Such a
structure contains necessary and contingent facts, correspondingto strict rules and observations, together
with aset of defeasible rules.
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that (A1, p1) and (A, p) are in disagreement with each other. The argument structure
(A1, p1) defeats (A,, p,) iff thereisa subargument (A, p) of (A, p2) suchthat (Ay, p1)
counterargues (A, pz) a p, and (A1, py) isstrictly more specific than (A, p).

For a certain argument structure (A4, p), there can be a set of argument structures
interfering with (A, p), i.e. counterargueing (A, p). Among thoseinterfering argument
structures, there may be some defeaters of (A, p), which could in turn be defeated.
When no defeater remains undefeated, (A, p) isreinstated. Thisinductive approach is
based on Pollock’s method [Pol87b] of defining which arguments survive counterar-
guments, although he uses only one kind of label, whereas Simari and Loui use two:
an S-label to indicate support, and an 7-label to indicate interference.

Definition 9 An argument structure can be an S’ or I argument, where S stands
for supporting argument, I for interfering argument, and j is the level at which the
argument is supporting or interfering.

1. each argument structureis an S° and an I° argumen.

2. (D1, p1) isan S™*1 argument iff AI™ argument (D,, p,) such that (D, p,) isa
counterargument of (D4, p;) a somep.

3. (D1, p1) isal™ ! argument iff AI™ argument (D, po) suchthat (D, p;) defeats
(Dlvpl)'

The idea behind this definition is that an argument structure retains its interfering
capacity aslong asit is not defeated.

Definition 10 Anargument structure (D, p) justifiesp iff 3m suchthat Vn > m, (D, p)
isan S™ argument for p. A literal p is an argument-based consequence of a defeasible
theory T', denoted T' |5 p, if there is an argument structure (D, p) justifying p.

This theory of justifying argument structures is well-behaved: it can be shown
[SL92] that a subargument of a justifying argument structure is a justifying argument
structure as well. In other words, when (A1, p;) and (A, p,) are two argument struc-
tures such that (Az, p2) C (Az, p1) and (Az, p1) justifies py, then also (A, p2) justifies
p2.

The argument-based system properly handles the examples 1, 2 and 6. More
specifically, it doesn't suffer from the problems encountered by adhering to a tota
ordering or alowing contraposition. Furthermore, the system is not restricted to
consistent sets of defaults, asisthe casefor system Z (Z-consi stent sets) and conditional
entailment (conditionally consistent sets).

By making the distinction between supporting and interfering arguments and con-
sidering an inductive definition of justification, the skeptical attitude towards conflict-
ing defaults turns out to be ambiguity-propagating. However, it can be shown that
an ambiguity-propagating skeptical formalism such as the argument-based system of
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Simari and Loui isstill not ideally skeptical: sometimes, aliteral which holdsin every
possibleworld, isnot directly derivable. We will illustrate both aspects of this skeptical
approach by means of an example given by Stein [Ste92].

Example 7 Consider theset of rulesR = {sgv — gv, sgv — st, gv — fp, st — —fp,
guv — v,v — ap, fp — —ap, fp — t,ap — p,t — p}, together with the observation
set O = {sgv}. Let sgv stand for seedlessgrape vine, gv for grapevine, st for seedless
thing, fp for fruit plant, v for vine, ap for arbor plant, ¢ for tree and p for plant. This
defeasible theory is based on information which can be represented in the following

N
NS
NN

gv\sgv/

For this defeasible theory, we get the following argument structures:

Ao = (0,sgv)

A = ({sgv — gv}, gv)

A; = ({sgv — st},st)

Az = ({sgv— gv,gv— fp}, fp)

{sgv = gv, gv — v}, v)
{sgv — gv, gv — v,v — ap}, ap)
{sgv = gv,gv — fp, fp = —ap}, —ap)

(
(
(
=
Ay = ({sgv — st,st —» = fp},~fp)
=
(
(
({sgv = gv,gv = fp, fp — t},1)
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Ay = ({sgv — gv,gv — fp, fp — t,t = p},p)
A = ({sgv — gv,g9v — v,v — ap,ap — p},p)

No argument structures counterargue Ag, A1, A, and As, and the literals sgv, gv, st
and v are argument-based consequences. Although the argument structure A, is a
counterargument for A at literal fp, A7 isnot defeated by A4. The reason for thisis
that none of the two counterargueing argument structures As and A4 is more specific
than the other one. As aresult, ap is not an argument-based consequence: Ag is an
argument for ap, but A7 isan argument for —ap which preservesitsinterfering capacity,
even though it is based on the ambiguous proposition fp. The ambiguity about fp is
propagated forwards, allowing it to interfere with the possible derivation of ap. In an
ambiguity-blocking skeptical formalism on the other hand, the two rules gv — fp and
st — —fp would defeat each other, the ambiguity about fp would be forgotten and
therule v — ap would be left unchallenged. Unfortunately, we can also show that p is
not an argument-based consequence: Aq is counterargued by the undefeated argument
structure A4 at proposition fp, while Ay is counterargued by the undefeated argument
structure A, at proposition ap. However, p isin every possible world or credulous
extension, so that the systemis not ideally skeptical. Summarizing this discussion, we
can consider the levels of support and interference, resulting in the following table:

Level | AO A1 A2 A3 A4 A5 A6 A7 A8 A9 AI10

0 IS IS IS IS IS IS IS IS IS IS IS
1 IS IS IS | I 1S | I I I I
2 IS IS IS | I 1S | I I I I

As a result, the argument-based consequences of this default theory are the literals
justified by the argument structures Aq, A1, A, and As: sgv, gv, st and v.

Furthermore, Simari and Loui claim that only strict specificity is used to derive
the ordering on argument structures, but thisis not entirely true: besides strict rules,
the defeasible rules contained in the argument structure, and therefore a minimum of
defeasible information, is used.

Example 8 Consider the knowledge base
R={p—0bb— f,p— —f}

together with the observations O; = {p,b}. There is no specificity between the
argument structures ({p — —f},—~f) and ({b — f}, f), so that the argument-based
consequencesarep and b. Whenwe only havep asobservation, i.e. O, = {p}, wehave
that theargument structure ({p — —f}, —f) ismorespecificthan ({p — b,b — f}, f),
so that the first argument structure defeats the second one and the argument-based
consequences are p, b and —f. Indeed, in the first case the default rule p — b is not
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used to derive specificity, asit isnot contained in the second argument structure because
of the minimality requirement. However, in the second case it is part of the argument
for f, and therefore, specificity solves the conflict.

This discrepancy, caused by explictly adding an observation which can be explained
directly by the knowledge base, might not be what we expect.

A more severe problem arises from the fact that only a minimum of defeasible
information is used to determine specificity: in some cases, the system cannot properly
handle irrelevant features, as shown in the following example.

Example 9 When we augment the set of rules of the previous example with the rule
sf — b (“Typicaly, something feathered is a bird”) and we consider the observation
set O = {sf,p}, we get 3 argument structures about f: A; = ({p — —~f},~f),
A, = {p = b,b — f},f) and A3 = ({sf — b,b — f},f). The argument
structure A; defeats A,, but Az keeps its interfering capacity, so that A; doesn't
become reinstated. Therefore, nothing can be concluded about f, whileintuitively we
would expect f, assf isirrelevant with respect to f.

Severa other formalisms for defeasible reasoning [Poo85, Vredl, Pol92, GV 95]
are based on arguments. However, the structure of arguments can differ. E.g. in
the formalism of Vreeswijk [Vre9l], strict rules and observations can be part of an
argument. In this formalism, deductive arguments (arguments based on standard
propositional logic) defeat arguments involving defaults. An argument based on a
single default defeats an argument based on two or more defaults. Once again, the
intuitiveideahereisthat when p isall the evidencethat isgiven, adefault p — ¢ should
be applied, even in the presence of sets of defaults in conflict with p — ¢. The only
other possibility for an argument A, to defeat a conflicting argument A, isthat both 4,
and A, are based on a single default, where A, is based on the most specific reference
class. In other words, the antecedent of the default used in A, should deductively
follow from the antecedent of the default used in A,. For other conflicting arguments,
no kind of specificity is considered in an attempt to resolve ambiguities. Since the
formalism is credulous, this approach usually yields a wide number of extensions or
possible worlds. In [Dun95], a more genera method of accepting arguments, which
are treated as abstract entities, is described.

0.5 Brewka'spreferred subtheories

The system of preferred subtheories of Brewka[Bre89] deals with ordered knowledge
bases and is based on the notion of preferred maximal consistent subsets, as defined by
Rescher [Res64]. Knowledge bases in this formalism can be considered as sets of de-
faults, interpreted as material implications. No additional set of observationsis needed
here, as observations can be integrated in a knowledge base by means of defeasible
rules with empty bodies. The first version of this formalism can be considered as a
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generalization of Poole's Theorist approach [Poo88], where the prioritization is given
by atotal ordering on setsof rules. Instead of using two levels of formulae, called facts
and defaults, more levels are alowed. Furthermore, even the most reliable formulae
may be defeated. Theideaisto usethetotal ordering on sets of defaultsto prefer some
maximal consistent subsets, namely the ones containing the most reliable information.
When thereis conflicting information with the samereliability, theattitudeiscredul ous,
so that several subsets can be selected. These selected subsets will be called preferred
subtheories (or subbases).

Definition 11 Let T = (Q, <, R, f) beatotally ordered theory. A maximal consistent
subset R C R is a preferred subtheory iff V&,0 < £ < n, R’ contains a maximal
consistent subset of f(wo) U... U f(wg).

In other words, a preferred subtheory of 7" can be obtained by starting with any
maximal consistent subset of f(wo), adding as many formulas from f(w;) as possible,
with respect to consistency, and continuing this process up till f(w,,). Notethat default
implications are interpreted as material ones, so that consistency must be interpreted
with respect to the classical consequencerelation .

Once the preferred subtheories are known, the consequence relation can be defined
inacredulousway, saying that p isaconsequenceif thereisapreferred subtheory S such
that S - p, or inaskeptical way, saying that p isaconsequenceif S - pfor al preferred
subtheories S. The credulous approach yields severa extensions, corresponding to the
preferred subtheories. Because the skeptical consequence relation is not defined in a
direct way but by detouring through the set of all preferred subtheories, this approach
isindirectly skeptical. °

Definition 12 Let T be atotally ordered theory. A literal p isapreferred consequence,
denotedT" -, p, iff S = p for each preferred subtheory S of T'. The preferred extension
isgiven by

Eps(T) = {p | T'tps p}

Although the indirectly skeptical approach to the system of preferred subtheories
givesresults corresponding to our intuition, it also has a drawback: the number of pre-
ferred subtheorieswhich have to be considered can become very large, so that checking
whether or not aliteral isapreferred consequence can become computationally costly.
A suggestion to reduce the number of preferred subtheories which have to be investi-
gated is given by the Lex consequence relation [BCD 93] where cardinality is used as
aselection tool.

Definition 13 Let T = (Q, <, R, f) be a totally ordered theory. R’ C R isalex-
preferred subtheory iff R’ is a preferred subtheory and for each preferred subtheory
R*, Ai such that

[B' 0 f(wi)| < RN flws)]

5The credulous and (indirectly) skeptical consequence relations are referred to as weak and strong
provability by Brewka.
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and
Vi<i:t|R'N0f(w)l=|R"Nf(w)l

A litera p is a Lex consequence, denoted 1" ;. p, iff S F p for each Lex-preferred
subtheory S of T'. The Lex extensionisgivenby Er..(T) = {p|T Fres 1}

It isobvious[BDP93] that whenever aliteral isapreferred consequence, itisalsoa
Lex consequence, because each Lex-preferred subtheory is a preferred subtheory. Al-
though this proposal seemsto be an interesting attempt to reduce the cost of computing
whether or not a literal should be entailed, the Lex consequence relation sometimes
gives unintuitiveresults, asisillustrated in the following example.

Example 10 Consider the totally ordered theory

T = ({w07 w1, w2}7 Sa {_> d17
s d2,d1 - td1,d2 — td2, d2 — —td1, td1 — 5, td2 — —s}, f)

where wg > w1 > wo,

flwo) = {—dl,—d2}
flwr) = {d1— tdl,d2 — td2,d2 — —td1}
flwr) = {tdl— s,td2 — —s}

Thistheory can be considered as a variation on the extended Nixon-diamond [HTT87,
THT87], as given in the context of semantic networks. Both the ordered theory and
the semantic network are given in the figure bel ow.

—dl s
® S d2 / \
td1 td2
dl — td1
O d2 - td2 / \ /
d2 — —tdl
d1 d2
tdl — s \ /
O td2 — —s

T r
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The interpretation given to the example is the following: For disease; (dl), it is
a good thing to take drug; (td1). On the other hand, when a person has disease;
(d2), drug, (td2) could probably help, but taking drug; could make things worse. For
drug,, no side effects can be shown, and taking this drug normally doesn’'t make a
patient sleepy (s). Drug; however can make a patient sleepy. John is very unlucky,
because he has both disease, and disease,, and doesn’t know what to do.

There are three preferred subtheories, given by

PS; = {—=dl,— d2,dl— tdl,d2 — td2,td1 — s}
PS, = {—dl, — d2,dl— tdl,d2 — td2,td2 — —s}
PS; = {—dl,— d2,d2— td2,d2 — —tdl, tdl — s,td2 — —s}

Only PS3isalso Lex-preferred. Asaresult, followinganindirectly skeptical approach,
the preferred extensionis given by E,(T') = {d1,d2,td2}, and the Lex extension by
Eie(T) = {d1,d2, —td1,td2, —s}. The preferred extension corresponds to our intu-
ition and illustrates the fact that the system of preferred subtheories has no problem
with propagating ambiguities: the ambiguity about ¢d1 is propagated forwards, al-
lowing it to interfere with the derivation of —s. The extension obtained by the Lex
consequence relation seems unacceptable for this example: taking drug; isapossibil-
ity which should not be totally excluded. Whether John has to take drug, depends on
the seriousness of the case and the judgement of the doctor.

Realizing that it might be difficult or even impossible sometimes to decide whether
arule r is of more, less or the same reliability as another rule r’, Brewka proposes a
second generalization in which it is possible to deal with partially ordered knowledge
bases. In thissecond version, astrict partial order isgiven ontheset of rules R. Again,
preferred subtheories can be defined based on this ordering.

Definition 14 Let R be afinite set of rules and < a strict partial ordering on R. A

maximal consistent subset R C R is a preferred subtheory if there is a strict total

ordering (ry,72, ..., 1) Of R respecting < such that R’ = R} with Rj = ) and
i1 = R U {riy1} whenr,, isconsistent with R;, or R;,, = R; otherwise.

7

It is obvious that we can translate such a set of partially ordered rules (R, <) into
ageneral ordered theory by creating a unique node for each rule, containing thisrule,
and by translating the partial order on rulesinto one on nodes.

0.6 Ordered logic and basic defeasible logic

Basic defeasible logic [Nut92, Lae90, GVN94, Geed6] and ordered logic [Lae90,
GVNY4, Geed6] are two related formalisms. both are directly skeptical approaches
with aproof theory based on the concept of aproof tree. A proof tree contains positive
conclusions for derivable formulae and negative conclusions for demonstrably non-
derivable formulae. Negative conclusions are needed to show that a rule can only be
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applied whenever no potential defeater is applicable. Nute's early work on defeasible
logic [Nut85, Nut88] was designed to be used for a single-perspective or single agent
system, and is based on an implicit partial ordering on rules, resulting from specificity
information. As a response to this early work, ordered logic presented a formalism
suited to be used in multi-perspective or multi-agent environments [VNG89b], by
structuring rulesin an explictly given partialy ordered set of perspectives. In general,
aformalism with an explicit meansto express priorities can be seen as ageneralization
of arelated formalism usingimplicit specificity, because not all prioritiesare specificity-
based. An additional advantage of ordered logic isthat the ordering is on perspectives,
i.e. on setsof rules, instead of on rules, making ordered logic well suited for reasoning
with multiple perspectivesor multipleagents. Thefamily of defeasiblelogics presented
in [Nut92] contains a variant on Nute's original defeasible logic where an explicit
ordering isgiven, but herethe orderingison rulesinstead of on setsof rules. Regardless
of the origin of the partial order, the idea that is used in the proof theory remains the
same: an applicablerulewill beapplied only if every competing ruleiseither weaker, or
can be shown to be not applicable. Both formalisms interpret rulesin a unidirectiond
way, avoiding contraposition. Their skeptical character turns out to be ambiguity-
blocking: as soon as an ambiguity cannot be solved by the priority ordering, they
forget about it, so that it cannot interfere with other conclusions. For ordered logic, al
rules are defeasible. Rules corresponding to observations and strict rules are smply
assigned to a high priority perspective. Besides default rules, Nute's defeasible logic
also takes observations, strict rules and defeaters into account. Defeaters never directly
support conclusions, but can defeat rules that otherwise might be applied. The rule
“Something that looks red under red light might not bered” isan example of adefeater.
Except for some minor differences, mainly caused by the presence of strict rules and
defeaters, the proof theory of the explicit version of Nute's defeasible logic is similar
to the proof theory of ordered logic.

0.6.1 Implicit version of Nute'sbasic defeasible logic

We will start with describing Nute's earliest work on defeasible logic [Nut86, Nut88,
Nut90] inwhich specificity isused to derivean implicit partial order onrules. Although
in this early work, proofs are sequentially structured, we will present here a modified
version [Nut92] wherethe proof theory isbased on the concept of aproof tree, clarifying
the structure of the proof. A default theory following Nute can contain strict rules,
defeasible rules, © defeaters and observations.

The evidentiality symbol F is used to create F-sentences. where p isaliteral, Ep
can beread as “Evidently, p”’. A sentenceisaliteral or an E-sentence. The inference
mechanism will avoid using rules that may later turn out to be defeated by restricting
applicationtothoserulesthat will definitely benot defeated. For any rulethat isapplied,

SNute uses the symbols — and = in the oppositeway: in hislogics, — indicatesastrict rule and =
adefeasiblerule.
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the proof theory will first require that we show that no potential defeater is applicable.
This is done by not only inferring positive conclusions like “p holds’, denoted as p*,
but also negative ones like “demonstrably, p does not hold”, denoted as p~—. A ruler;
can only be defeated by a conflicting rule r, when r is not superior to r,. The idea
is that every strict rule is superior to every defeasible or interfering rule. For the set
of defeasible and interfering rules, one rule is considered to be superior to another if
the antecedent of the first rule is more specific than the antecedent of the second one.
Originally, Nute allows only strict rules to determine the specificity relations among
antecedents. This kind of specificity is called strict specificity. Following the idea of
strict specificity, a defeasible rule A — p is said to be superior to another defeasible
rule B — —p, iff for each b € B, a proof exists for b™, given the observation set
A, and for some a € A, aproof exists for o, given B. The resulting defeasible
logic will be called BDL._,, indicating that only strict rules are used to uncover the
implicit specificity information. With the defeasible logic BDL_,, several examples
of nonmonotonic reasoning can be solved correctly. However, strict specificity is not
sufficient: sometimes defeasible rules should also be used in determining specificity,
asillustrated in the following example.

Example 11 Consider the defeasible theory 7" with rules
R={p—bp—~—-f,b— f}

and observation set O = {p}. Using BDL._,, based on strict rules, we cannot show
that p — —f issuperior tob — f, whileintuitively, thisis what we want.

Thisdeficiency isdealt with by Nute [Nut92] by introducing what is called defeasi-
ble specificity, meaning that strict and defeasible rules are used to determine specificity.
Thebasic ideaisto simply adopt the proof theory of BDL_, suchthat adefeasiblerule
A — pissuperiortoarule B — —p just in case that for each b € B thereis a proof
for Eb™, given the observation set A and there is a proof for Ea™, starting from B,
for somea € A. But the following example given by Nute [Nut92] illustrates that this
approach is not quite right.

Example 12 Consider the defeasible theory T" with rules
R={b=m,b— fym — —f,{m,s} — b, — s}

and observation set O = {b}. This default theory can be interpreted as follows: bats
(b) are mammals (m), bats normally fly (f), mammals normally do not fly, mammals
with asonar (s) are normally bats, and we consider a particular bat which, presumably,
hasasonar. It ispossibleto construct aproof for Em™ based on {b} using the criterion
of defeasible specificity just described. However, we can aso construct a proof for
Eb* based on {m} by using the defeasible rule — s. For this theory, we get that the
bat isamammal, but aso that the mammal isabat, so that neither b — f nor m — —f
can be shown to be superior to the other one.
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In order to solve this kind of problems, Nute limits the rules that can be used
in determining defeasible specificity to the strict rules, the interfering rules, and the
defeasible rules with non-empty antecedents. Let R4, denote this subset of defeasible
rules with non-empty antecedents, i.e.

Rd@ZRd—{—)p I—)pERd}

The resulting defeasible logic will be called BDL _,, referring to the use of defeasible
specificity 7. In the proof theory, nodes get labels composed of three components:
the first one represents what is being proved, the second one the set of literals which
we consider to be true (the observations), and the third one the set of defeasible rules
under consideration. The observational component is needed to show that oneruleis
superior to another one. The set of defeasible rules integrated into a label will mostly
be the original set of defeasible rules, but it can be reduced to the subset of defeasible
rules with non-empty antecedent, when specificity is to be determined.

Definition 15 Let T = (O, R) be a defeasible theory. Where p is a sentence (i.e. a
literal or an E-sentence) and s is + or —, a proof tree for p* in T using BDL_, isa
finite tree where each node islabeled (¢*, E, D), where g isasentence, ¢ is+ or —, E
isaset of literalsand D isaset of defaults such that theroot islabeled (p*, O, R4) and
each node m satisfies one of the following conditions:

(D1) mislabeled (¢*, E, D) and either ¢ € E or thereisasdtrictrule A = g € R,
such that for each a € A, m hasachild nodelabeled (o™, E, D).

(D2) mislabeled (¢—, E, D), q ¢ E, and for every strict rule A = g € R,, thereis
a € A and achild node of m labeled (o, E, D).

(D3) m islabeled (Eq*, E, D) and m hasachild node labeled (¢, E, D).

(D4) mislabeled (Fq*, E, D) and m has achild node labeled (—¢—, F, D) and there
isastrictrule A = ¢ € R, suchthat for each a € A, m hasachild node labeled
(Eat, E, D) and for each B = —q € R,, thereisb € B and achild node of m
labeled (Eb—, E, D).

(D5) mislabeled (Fq*, E, D) and m has achild node labeled (—¢~, E, D) and there
isadefeasiblerule A — ¢ € D such that

“In [Nut92], where defeasible logics are represented as sets of conditions which have to be satisfied
by each nodein aproof tree, BD L_, isoriginally called SD_,, standing for the set of conditions

{M* M~ ,E* E~,8ST, Dt SD-}
BDL_, isorigindly caled SD-,, standing for the set of conditions

{M*,M~,ET,E~,8ST,D =%,SD ="}
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1) for eacha € A, m hasachild nodelabeled (Fat, E, D),

2) for each strict rule B = —q € R,, thereisb € B and a child node of m
labeled (Eb—, E, D), and

3) for each defeasiblerule C — —q € D or interfering rule C ~ —q € R;,
either

a) thereisc € C and achild node of m labeled (Ec¢~, E, D), or

b) for each ¢ € C, thereisachild node of m labeled (Ect, A, R4) and
for somea € A, thereisachild node of m labeled (Ea—, C, Ryp).

(D6) m islabeled (Fq—, F, D), m has a child node labeled (¢—, E/, D) and m has a
child node labeled (—¢*, E, D).

(D7) mislabeled (Eq~, E, D)

1) m hasachild nodelabeled (¢, E, D),
2) for each strict rule A = g € R,, either

a) thereisa € A and achild node of m labeled (Ea—, E, D), or

b) thereis B = —¢ € R, such that for each b € B, m has a child node
labeled (Ebt, E, D), and

3) for each defeasiblerule A — ¢ € D, either

a) thereisa € A and achild node of m labeled (Fa™, F/, D), or

b) thereisastrict rule B = —q € R, suchthat for eachb € B, m hasa
child node labeled (EbT, E, D), or

c) thereisadefeasibleruleC — —¢ € D oraninterferingruleC' ~ —q €
R; such that for each ¢ € C, m hasachild node labeled (Ec*, E, D)
and either for each a € A, m hasachild node labeled (Fa™, C, Ryg),
or thereisc € C and achild node of m labeled (Ec~, A, Ry).

Condition (D1) captures the monotonic derivability of aliteral, while (D2) shows
when alitera is demonstrably not monotonically derivable. (D3) saysthat any literal
that is monotonically derivable is aso evidently the case. (D6) expressesthat aliteral
can be shown to be not evident when its complement is monotonically derivable, unless
theliteral itself isaso monotonically derivable. Conditions (D1), (D2), (D3) and (D6)
can be considered as the monotonic kernel of the defeasible logic BD L _,. Condition
(D4) says that the consequent of a strict rule is evident if its antecedent is evident,
the complement of its consequent is not strictly derivable and the rule is not defeated
by another strict rule. Condition (D4) could be replaced by a stronger one [Nut92],
where strict rules are used “more strictly” than here, in the sense that they are not
allowed to defeat each other. (D5) says that the consequent of a defeasible rule is
evident if the complement of its consequent is not strictly derivable, its antecedent is
evident, the rule is not defeated by a strict rule, and the rule is superior to any other
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defeasible or interfering conflicting rule which cannot be shown to be non-applicable.
(D7) says that a literal is demonstrably not evident if the literal is demonstrably not
monotonically derivable and every rule which could derive the literal can be shown to
be non-applicable or defeated.

Definition 16 Where T is a defeasible theory and p a sentence (i.e. aliteral or an
E-sentence), p is BDL_,-derivable from T, denoted T' Fzpr._, p™, if there is a proof
tree for p* in T using BDL_,, and p is demonstrably not BDL_,-derivable from T,
denoted 7' Fppr_, p~, if thereisaproof treefor p~ in7T using BDL_,.

With the proof theory BDL _,, the examples above can be correctly solved.

Example 13 Reconsider the defeasible theory from example 11. The proof tree below
showsthat E—f is BDL_,-derivable. A part of this proof tree deals with showing that
p — —f issuperior to b — f. Because this example doesn’t involve defeasible rules
with empty antecedent, the third component in the labels can be omitted.

(E-f*,{p})
|
(f~{r}) O (Ep~,{b}) O
O (Ep*, {p}) (Eb", {p})
(p=,{b}) 4
O (p*, {p}) JE .
(=67, {r}) (Ep*, {p})
O
(™, {r})

0.6.2 Orderedlogic

The goa of ordered logic is to provide a theoretical foundation for knowledge based
applications which support nonmonotonic or defeasible reasoning and which incorpo-
rate the knowledge of multiple expertsin aprincipled way. Thelogic makesit possible
to explicitly model internal perspectives or multiple agents and to resolve conflicts
between competing perspectives without obscuring their opinions. While useful non-
monotonic formalisms are available in which priorities are taken into account, they
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typically do not adress issues that arise when we want to incorporate the knowledge of
severa expertsinto our applicationsin a principled way. When we try to represent the
knowledge of several expertsin a single system, each expert has his own perspective
on the relevant domain, and this differencein perspectives can lead to different conclu-
sions. Even where knowledge of a single person is involved, a decision maker often
has to take severa conflicting perspectives into account when drawing conclusions
on a certain body of evidence. One approach to representing multiple perspectives
is to determine where conflicts arise and resolve them before building the knowledge
representation. Another approach is to present the conclusions of all perspectives,
leaving it to the user to make the final decisions. The best approach is a system that
resolves differences and makes an overall recommendation in at |east some cases, but
that can aso recover the viewpoints of the individual perspectives. In such a system,
the conclusions drawn from a given perspective are defeasible and may be retracted
when other perspectives are taken into account.

Examples of conflicting perspectivesinclude conflicts between short- and longterm
strategies or between strategies with different goal's, such as situations where we might
say, “Asyour teacher | must require you to hand in all assignmentsin this course, but as
your friend | advise you to forget about the project for this class, take the lower grade,
and concentrate on your other classes where you are in danger of failing.” Although
it is possible to represent such conflicting perspectives as ordinary default rulesin a
single theory, this distorts the reality that there are really two different perspectives
each of which leads to its own conclusions. We have the instructor’s perspective and
the friendly advisor’s perspective. It may be helpful to derive the conclusions of each
of the single perspectives even if there is not an overall conclusion that can be drawn
in aparticular case.

Ordered logic can be considered to be a proper extension of the implicit version
of Nute's basic defeasible logic and other formalisms based on implicit specificity
information, by allowing a more complex precedence structure on rules. This prece-
dence structure makes it possible to solve many examples of nonmonotonic reasoning
[GVN94] for which theimplicit formalismsfail to give an acceptable solution.

Although a credulous version of ordered logic exists [GV91], we will restrict the
discussion here to the original approach to ordered logic, which is a skeptical one.
Furthermore, we will concentrate on the proof-theoretical aspects of ordered logic.
Most of the semantical aspects and afurther elaboration of ordered logic are described
in[Lae90, GLV 91, LV90c, LSV90, LV9I0b, LV90a, Gee96]. In[GV 93], aproof theory
for nonmonotonic reasoning with implicit specificity information is defined following
the ideas of ordered logic.

Ordered logic is defined for partially ordered defeasible theories. All rules are
defeasible, and defeasi bl e ruleswith empty antecents can be considered as observations.
The partial order on nodes will be used to determine which if either of two defaults to
apply in atheory when the two rules have contradictory consequents, by determining
their precedence. A — p says that, other things being equal, we should accept p
whenever we accept every member of A. Of course, it isthe“other things being equal”
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that causes the problems. We could also say that in typical or normal cases where
every member of A istrue, soisp. But we can and often do adopt conflicting rules
A — pand B — —p, whereitis possiblethat everythingin both A and B istrue. Such
conflicts can only be resolved by giving one of the rules precedence over the other.
One might interpret this as meaning that one rule is more reliable than the other, but
that is not the interpretation we intend. Suppose A — p has precedence over B — —p.
This does not mean that A — p is more reliable than B — —p in the sense that we
are better justified in adopting A — p than we are in adopting B — —p. Each rule
could be the very best possible rule for the case where its condition is satisfied, “all
other things being equa”. It isjust when A and B are both satisfied, all things aren’t
equa where B isconcerned. A situation where A and B are both satisfied may not be
atypical or normal situation in which B is satisfied. The possibility of giving A — p
precedence over B — —p, by putting A — p at a strictly higher node, offers away of
solving an ambiguity in a theory where intuitively there should not be one. Obvious
examples of such theories are taxonomic hierarchies in which subclasses don’'t answer
the description which istypical for the class to which they belong, such as the penguin
example (example 11). Whereas examples of thiskind can aso be correctly solved by
specificity-based formalisms, the explicit priority structure can be used to solve many
other problems.

Another way of looking at the partial order is as an “influence” relation between
perspectives. If w;, w; and wy, are perspectivesin Q with w; < wy, and w; < wy, then
wy, Isaperspective that isinfluenced by perspectivesw; and w;.

Typically, there will be atop perspective wg such that w; < wg for al perspectives
w; € Q. wp can be regarded as the final consolidation of all perspectivesin the theory.
Similarly, there may be a unique bottom node. Again our proof treeswill need positive
conclusions like “p holds’ (denoted as p*) and negative ones like “demonstrably, p
does not hold” (denoted as p~). Conclusions are derived with respect to a certain
node, and since each node in an ordered theory can represent a distinct perspective,
different conclusionswill normally be derivable at different nodes. Thefinal integrated
conclusions are the onesthat hold in the unique top node (if any). In contrast to Nute's
approach, no evidentiality symbol is used.

Definition 17 LetT = (Q, <, R, f) beapartialy ordered defeasible theory, p aliteral
and s € {+, —}. AnOL- proof treefor p* at anodew; inT isafinitetree® where each
nodeis labeled ¢t, where g isaliteral and ¢ is+ or —, such that the root is labeled p*
and each node m satisfies one of the following conditions:

8This proof theory is similar to a theory presented in [VNG89b], but there is an important differ-
ence. In the version presented here, rules at higher perspectives have precedence over rules at lower
perspectives. In the earlier version, higher perspectives could only “see” lower perspectives, but lower
perspectives took precedence. Thisis less natural than the current approach for modeling multiagent
reasoning, but it is a promising theory for defeasible object oriented programming, see [LVVC89]. The
proof theory presented here can be found in [GVN94], where the symbol = is used for defeasible rules.



0.6. ORDERED LOGIC AND BASIC DEFEASIBLE LOGIC 27

(OL1) mislabeled ¢ and 34 — ¢ € f(w;), wherew; < w; such that

1. m hasachild nodelabeled ¢, for eacha € A; and

2. VB — —q € f(wg) Wherew, < w; andwy, £ w;, 3b € B suchthat m hasa
child node labeled b~ ;

(OL2) mislabeled ¢~ and VA — ¢ € f(w;), wherew; < w;, either

1. m hasachild nodelabeled ¢~ for somea € A; or

2. 3B — —q € f(wy), Wwhere w;, < w; and wy, £ wj, such that m has a child
node labeled b* for each b € B.

(OL3) mislabeled ¢~ and m hasan ancestor labeled ¢~ such that there are no positively
labeled nodes in between.

Condition (OL 1) expresses defeasible rule application: arule can beapplied only if
its antecedent holds and it is not defeated by an applicable competing rule. Condition
(OL2) statesthat we can show that aliteral doesn’t hold if all rulesthat could conclude
it are either not applicable or defeated by a competing rule. Condition (OL3) alows
one to conclude p~, when the only way to satisfy p is to satisfy p, which is e.g. the
case for atheory containing asinglerulep — p.

Intuitively, the existence of aproof treefor p* at a perspectivew inT meansthat p
isprovableat w inT. The existence of aproof treefor p— at perspectivew in’T" means
that we can show that p cannot be provenat w inT'.

Definition 18 Let 7' = (Q, <, R, f) be apartially ordered defeasible theory. A literal
p isOL-derivable from T at node w, denoted T" +,, p™ if thereis an OL-proof tree for
pT a w. Such aliteral p is aso caled an OL-consequence of T at w. A literal p is
demonstrably not OL-derivable from 7" at w, denoted T' +, p~ if there is an OL-proof
treefor p~ at w. When the node under consideration is the unique top node, we simply
say that p is OL-derivable from T' (demonstrably not OL-derivable from T'), denoted

T For p™ (T For p7).
Example 14 Consider the ordered theory
({WOa Wi, w2}a Sa Ra f)

where
Wy < w1 < Wy
and
flwo) = {—s}
flw) = {—=bs——r}

flwp)) = {b—>r}
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In thisexample, r stands for rain, s for sunny and b for being in Belgium. Thistheory
can beinterpreted in different ways. From a single perspective point of view, a person
could be walking in the borderland between Belgium and France, without knowing
exactly on which side of the border heis. He knows that Belgium is a country where
it frequently rains. However he believes that, when the sun is shining, it will not be
raining, regardless whether he isin Belgium or not . At node w;, he assumes that he
isin Belgium, but he knows nothing about the weather. Therefore, he concludes that
it will probably beraining: theruleb — r isapplicable at w, while its competing rule
s — —risnot . When suddenly the sun starts to shine brightly, he becomes very sure
about the weather, information captured at node wq. Therefore, with the information
available at node wo, he will conclude that it will not beraining: s — —r isapplicable
at wo and all rules at or below wqo with consequent r are weaker (i.e. at a node below
w1). The same conclusions can be made when we look at the example as containing
the knowledge of two experts. Expert 1, who finds himself in adarkened room, hasthe
knowledge contained in perspective w; and concludes that it rains. Expert 2 can take
alook outside and sees that the sun is shining. He knows more than expert 1, namely
what is available at perspective wg, and concludes that it doesn’t rain.

Example 15 Consider the ordered theory

({WO’ w1, (“JZ}’ <, Ra f)

where
w1 < W, W2 < Wo

and

flw) = {—= bw,bw — tu}
fwn) = {--bu}

This is a typical example of a perspective (wg) that is influenced by two other per-
spectives (w; and wy). When asking advice about the weather prospects for tomorrow,
the “expert” at perspective w; believes that the weather will be bad (bw) and that you
should take an umbrella () with you when you go for awalk. The “expert” at w,
believes the weather won't be bad. Therefore, at perspective w,, the conclusion tu
holds where tu is obtained by applying bw — tu. At perspective wy, the condition
bw used to derive tu at w, does not hold since it is defeated by — —bw at w,. Rule
bw — tu istherefore not applicable at wq, and tu cannot be proven at wy.

This proof theory is well-behaved, i.e. we can show that no literal is at the same
time O L—derivable and demonstrably not O L—derivable. In other words, when p isa
literal, wedon'thave T +, p™ and T+, p~ at the sametime.

However, it can be the case that nothing can be proven about someliteras, asshown
in the following example.



0.6. ORDERED LOGIC AND BASIC DEFEASIBLE LOGIC 29

O —s o
— b
Os—>—|r w1 wWo
— bw — —bw
bw — tu
O b—r

Example 16 Consider the ordered theory

({WO}v @, {_> p,p— _'p}7 f)
with

flwo) = {—=p,p— —p}

It turns out that p doesn’t hold at wg, because there is no O L-proof tree of p* at wo.
However, using O L, we cannot show that p doesn’t hold, because thereisno O L-proof
tree of p~ at wo.

Furthermore, it can be shown that two complementary literalscannot be O L —derivable
at the same time. In other words, when p is aliteral, we don't haveboth T -, p™ and
Tkr, —pt.

0.6.3 Explicit version of Nute'sbasic defeasiblelogic

In his family of defeasible logics, Nute also surveys a logic for dealing with explicit
priorities [Nut92, GVN94], which we will call EBDL. Animportant difference with
ordered logicisthat in EBDL, the partial order is given on the set of defeasible rules
and defeaters, instead of on nodes °. When a defeasible rule competes with a strict
rule, the defeasibleruleisaways defeated. To adjudicate between two defeasiblerules
or between a defeasible rule and a defeater, the partial order is consulted.

Definition 19 Let T = (O, R) be a defeasible theory and let < be a partial order on
R;U R;. Wherep isasentence (i.e. aliteral or an E-sentence) and s is+ or —, a proof
treefor p® inT using EBD L is afinitetree where each node islabeled ¢, whereg isa
sentenceand ¢ is+ or —, such that theroot is labeled p* and each node m satisfies one
of the following conditions:

%In [Nut92] the logic EBDL is originaly called SD., standing for the set of conditions
{M*,M~,E*t,E~,SS*,Dt,SD_}.
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(D1) mislabeled ¢* and either ¢ € O or thereisadtrict rule A = ¢ € R, such that
for eacha € A, m hasachild nodelabeled a™.

(D2) mislabeled q—, q ¢ O, and for every strictrule A = g € R,, thereisa € A and
achild node of m labeled a~.

(D3) mislabeled Eq* and m has achild node labeled ¢+.

(D4) m islabeled Eq* and m has a child node labeled —¢~ and there is a strict rule
A = g € R, suchthat for each a € A, m hasachild node labeled Fa* and for
each B = —q € R,, thereisb € B and achild node of m labeled Eb—.

(D5) m islabeled F¢* and m has achild node labeled —¢~ and there is a defeasible
rue A — g € R, such that

1) for eacha € A, m hasachild nodelabeled Fa™, and

2) foreachruler € R, U R, U R; with H(r) = —q, either r < A — ¢, or
thereisc € B(r) and achild node of m labeled Ec™.

(D6) m islabeled Eq—, m hasachild nodelabeled ¢~ and m has a child node labeled
—|q+,

(D7) m islabeled Eq

1) m hasachild nodelabeled ¢~ and
2) foreachruler € R, U Ry with H(r) = ¢, either

a) thereisa € B(r) and achild node of m labeled EFa~, or

b) thereisaruler’ € R, U R, U R; suchthat H(r') = —q, 7" £ r and m
has achild nodelabeled Eb™ for each b € B(r').

This proof theory is similar to the one for BDL_, using defeasible specificity,
except for conditions (D5) and (D7), where now the explicit partial order is used for
resolving conflictsinstead of specificity-based arguments. Thisexplicit partial order is
also the reason why we no longer need to include a set of literalsinto the labels. Note
that the partial order is given on defeasible and interfering rules, so that no defeasible
ruleis ever superior to any strict rule in conditions (D5) and (D7).

Definition 20 Where T = (O, R) is a defeasible theory, < apartia order on R; U R;
and p a sentence (i.e. aliteral or an E-sentence), p is EBD L-derivable from T using
<,denoted T +ggpr, p, if thereisaproof treefor p*™ inT using EBDL and <, and p
isdemonstrably not EBD L-derivablefrom T using <, denoted T" -ggpr p, if there
isaproof treefor p~ inT using EBDL and <.
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0.6.4 The preemption problem

Ordered logic and all versions of basic defeasible logic presented thus far all suffer
from the preemption problem. This problem emerges in the context of inheritance
reasoning with exceptions. Let usillustrate the notion of preemption by means of an
example [GVN94]. Suppose that normally a computer science professor at a junior
college is poor, even though computer science professors at junior colleges normally
have a Ph.D. in computer science, and people who have a Ph.D. in computer science
normally are not poor. Suppose also that ne’ er-do-well, disinherited scions of wealthy
families normally are poor, even though such individuals are clearly scions of wealthy
families, and scions of wealthy families normally are not poor. If John is both a
computer science professor at a junior college and a ne’ er-do-well, disinherited scion
of a wealthy family, we would intuitively conclude that John is poor. However, if
we represent this knowledge in an inheritance network, we have to face the problem
[THT87] that none of the positive links to the property “poor” is more specific than
both negative links to the same property. The same problem arises in ordered logic
and Nute's defeasible logic, after tranglating this inheritance network into an ordered
theory, and adapting a skeptical attitude. To solve this problem, inheritance reasoners
like SIR [HTT87] imposethe requirement that acompound path ispermitted only when
every conflicting path is preempted. More specific, SIR requires that a positive path
is permitted provided only that the part up to the last link is permitted and for every
negative link competing with the last link, either there is no permitted positive path
up to its start node or there is another positive link such that there is a permitted path
through the start node of this positive link ending in the start node of the negativelink.
Using this principle, we arrive at the conclusion that John is poor in the inheritance
network resulting from the example.

We can tranglate this principle into ordered logic by making the restriction that a
rule can only be defeated by a competing rule which is not itself defeated by a strict
competitor. This preemption principle can easily be integrated into the skeptical proof
theory for ordered logic, yielding the following proof theory.

Definition 21 Let T = (Q, <, R, f) beapartialy ordered defeasible theory, p alitera
and s+ or —. A proof tree for p° a node w; in T is afinite tree where each node is
labeled ¢, where g isalitera and ¢ is+ or —, such that the root islabeled p* and each
node m sastisfies one of the following conditions:

(OL1) mislabeled g™ and 3A — ¢ € f(w;), wherew; < w; such that

1. m hasachild nodelabeled « ™, for eacha € A; and

2. VB — —q € f(wy) Where wy, < w; and wy, £ wj, 3b € B such that m has
achild node labeled b, or thereisaruleC — ¢ € f(w;), where w; < w;
and w; > wy, such that m hasachild nodelabeled ¢t for eachc € C.

(OL2) mislabeled ¢~ and for eachrule A — g € f(w;), wherew; < w;, €ither
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1. m hasachild nodelabeled ¢~ for somea € A; or

2. 3B — —q € f(wy), Wwhere w;, < w; and wy, £ wj, such that m has a child
node labeled b™ for each b € B, and for eachrule C — p € f(w;) where
w; < w; and w; > wg, m hasachild node labeled ¢~ for somec € C.

(OL3) mislabeled ¢~ and m hasan ancestor labeled ¢~ such that there are no positively
labeled nodes in between.

If we introduce the propositions p (poor), a (computer science professors at junior
colleges), b (disinherited ne’ er-do-well scionsof wealthy families), ¢ (holdersof aPh.D.
in computer science) and d (scions of wealthy families), we can formalize the example
in the following ordered theory. The original OL proof theory, given in definition 17,

—a
a— C
— b
b—d

Qa—p O b—=p

Oc——p O d—-p

would derive no conclusion about whether John is poor or not, while the proof theory
extended with the preemption principle arrives at the intuitively correct conclusion that
John is poor.

Similar solutions are presented for the family of basic defeasible logics [Nut92].

0.6.5 Ryan’sformalism of ordered theories presentations

Ryan [Rya92] proposes aframework for reasoning with ordered theory representations
which is comparable to ordered logic. Instead of providing an ordering on sets of
rules, the ordering is given on sentences. Whereas ordered logicisoriginally adirectly
skeptical formalism, Ryan’sformalism can be considered to beindirectly skeptical: the
entailed conclusions are the ones that hold in al maximal models, where maximality is
understood according to an ordering of interpretations which favours those satisfying
as many (high priority) sentences as possible. Due to the use of sentences instead of
sets of rules, another ordering isrequired: for each sentence, a satisfaction ordering on
interpretations is defined reflecting the degree to which an interpretation satisfies the
sentence.
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0.7 Summary and discussion

The defeasible logics discussed in this chapter can be grouped into two families,
according to how they try to eliminate ambiguities. One family, containing Pearl’s
system Z, Geffner’sconditional entailment, Simari’sand L oui’ sargument-based system
and Nute'sbasic defeasiblelogics BD L _, and BD L_.,, relies on specificity information
implicitly present in the knowledge base in order to solve conflicts. Thisfamily can be
summarized in the following table, in which we emphasize the different basic design
choices.

IMPLICIT PRIORITIES

| [z | CE | ABS | BDL, |
subject sets of defaults argument | conflicting
of priority defaults structures defaults
kind of total irreflexivet | irreflexivet | irreflexivet
priority transitive trangitive | trangitive
attitude skeptical skeptical skeptical skeptical
(indirect) | amb.prop. | amb.block.
contraposition Y Y N N
observations Y Y Y Y
strict rules N Y Y Y
default rules Y Y Y Y
kind of defeasible | defeasible +strict defeasible
specificity

The second family, containing Brewka's system of preferred subtheories, Nute's
basic defeasible logic EBDL, ordered logic and Ryan’s formalism of ordered theory

presentations, makes use of an additional structure to represent explicit priorities.

‘ EXPLICIT PRIORITIES

\ H PS oL EBDL \

subject sets of sets of defaults+

of priority defaults  defaults  defeaters
kind of total/ partial irreflexivet
priority partial transitive
attitude credulous skeptical/  skeptical

credulous
contraposition Y N N

Both uses of prioritization have their pros and cons. An approach in which prior-
ities are explicitly supplied by the user can be useful, because the flexible means for
deciding among competing defaults allows us to give solutions for several examples
of nonmonotonic reasoning which cannot be solved using implicit specificity infor-
mation. Explicit priorities are useful when preference criteria other than specificity,
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such as recency, authority, reliability, .. are required. However, when specificity isthe
preference criterion, the user finds himself obliged to perform the redundant task of
explicitly providing priority information which isimplicitly present in the knowledge
base. This explicitly given priority information might even contradict the implicitly
present priorities, which may not always be as intended. Therefore, both approaches
need to be considered.

Recently, several attempts have been made to combine the best of both worldsinto
asingle formalism. System Z* [GP91] relies on implicit specificity information but
allows explicit prioritiesin the sense of additional rule-strenghts. Here, strenghts can
be used to refine the specificity-based priorities. They undergo adjustments, so that
compliance with specificity-type constraints is automatically preserved. As a result,
specificity can never be overridden, or defeated. However, it has been argued that
sometimes it might be necessary to give precedence to selection criteria other than
specificity. E.g. intheareaof legal reasoning [Bre94], it might be the case that a more
recent general law overrides a more specific older law, i.e. that the recency criterion
is stronger than the specificity criterion. A formalism able to deal with this kind of
reasoning is presented in [GV95]. In this argument-based formalism, specificity is
considered to be the preference criterion by default. However, additiona priorities
can be added from the very beginning, making it possible to refine or even defeat the
specificity criterion.  Furthermore, this formalism allows to reason about priorities.
By presenting priorities within the logical language [Bre94], statements concerning
priorities can be derived, but also defeated.
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