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A b s t r a c t 

In a recent paper we have proposed termino­
logical defaul t logic as a formal ism which com­
bines bo th means for s t ruc tured representation 
of classes and objects, and for default inher i ­
tance of propert ies. The major drawback which 
terminologica l default logic inher i ts f rom gen­
eral defaul t logic is tha t it does not take prece­
dence of more specific defaults over more gen­
eral ones in to account. The present paper ad­
dresses the prob lem of mod i fy ing terminologi ­
cal default logic such tha t more specific defaults 
are preferred. I t turns out tha t the exist ing ap­
proaches for expressing pr ior i t ies between de­
faul ts do not seem to be appropr iate for this 
purpose. Therefore we shall consider an alter­
nat ive approach for dealing w i t h pr ior i t iza t ion 
in the f ramework of Heifer 's default logic. The 
formal ism is presented in the general sett ing of 
defaul t logic where pr ior i t ies are given by an 
a rb i t ra ry par t ia l order ing on the defaults. We 
shall exh ib i t some interest ing propert ies of the 
new fo rma l i sm, compare i t w i t h exist ing ap­
proaches, and describe an a lgor i thm for com­
pu t i ng extensions. 

1 I n t r o d u c t i o n 

Ear ly knowledge representat ion formal isms such as se­
mant ic networks and frames comprise bo th means for 
s t ruc tured representat ion of classes and objects, and for 
defaul t inher i tance of propert ies. However, these for­
malisms d id not have a well-defined formal semantics, 
and subsequent formal isms t r y i ng to overcome this prob­
lem usually concentrated on one of these two means 
of representat ion. Nonmonotonic inheri tance networks 
are concerned w i t h defeasible inheri tance, sometimes 
in combinat ion w i t h s t r ic t inher i tance, but the nodes 
in these networks are uns t ruc tured objects or classes.1 

*This work has been supported by the German Ministry 
for Research and Technology (BMFT) under research con­
tract IT W 9201. 

1 There are some attempts to generalize this approach to 
structured classes, but they work in a very restricted setting, 
and it is not clear how to obtain more general results in this 

Terminological representation formal isms, on the other 
hand, can be used to define the relevant concepts of a 
problem domain in a st ructured and wel l- formed way. 
Th is is done by bu i ld ing complex concept descriptions 
out of atomic concepts (unary predicates) and roles (b i ­
nary predicates) w i th the help of operations provided by 
the concept language of the part icular formal ism. In ad­
d i t i on , objects can be described w i th respect to their 
relat ion to concepts and their interre lat ion w i t h each 
other. The concept descriptions are interpreted as uni­
versal statements, which means that they do not allow 
for exceptions. As a consequence, the terminological sys­
tem can use descriptions to automat ica l ly insert concepts 
at the proper place in the concept hierarchy (classifica­
t ion ) , and it can use the facts stated about objects to 
deduce to which concepts they must belong, bu t objects 
cannot inher i t properties by default. 

The problem addressed in this paper is how to br ing 
together both means of representation or ig inal ly present 
in semantic networks and frames, w i thou t losing the 
advantages of terminological formal isms, such as being 
equipped w i th a formal and wel l -understood semantics 
and prov id ing for automat ic concept classification. An 
in tegrat ion of defaults would often greatly enhance appl i ­
cabi l i ty of terminological systems, or would at least make 
their use more convenient in most applications (see, e.g., 
[15] which shows tha t embedding defaults in to termino­
logical systems is an impor tan t i tem on the wish list of 
users of such systems). For this reason, several exist ing 
terminological systems, such as BACK [13], CLASSIC [4j, 
K-Rep [ l l ] , or LOOM [12], have been or wi l l be extended 
to provide the user w i th some k ind of default reasoning 
facil i t ies. As the designers of these systems themselves 
point out , however, these approaches usually have an ad 
hoc character, and thus do not satisfy the requirement 
of hav ing a formal semantics. 

As a first a t tempt to give a formal ly wel l - founded so­
lu t ion to this problem, an in tegrat ion of Reiter 's default 
logic in to a terminological formal ism was proposed in 
[2j. One reason for selecting default logic, out of the 
wide range of nonmonotonic formal isms, was tha t Re­
iter 's default rule approach f i ts well in to the phi losophy 
of terminological systems. Most of these systems already 
provide their users w i t h a form of "monoton ic" forward 

direction (see, e.g., [14]). 
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rules, and it turned out that these rules can be viewed 
as specific default rules where the justifications are ab­
sent. A second pleasant feature of terminological default 
logic, as introduced in [2], is that it becomes decidable 
provided that applicability of default rules is restricted 
to objects explicitly present in the knowledge base. It 
should be noted that this constraint is also imposed on 
the monotonic rules in terminological systems. 

The major drawback which terminological default 
logic inherits from general default logic is that it does 
not take precedence of more specific defaults over more 
general ones into account. For example, assume that we 
have a default which says that penguins cannot fly, 2 and 
another one which says that birds can fly, and that clas­
sification shows that penguins are a subconcept of birds. 
Intuitively, for any penguin the more specific first default 
should be preferred, which means that there should be 
only one default extension in which the penguin cannot 
fly. However, in default logic the first default has no 
priority over the second one, which means that one also 
gets a second extension where the penguin can fly. This 
behaviour has already been criticized in the general con­
text of default logic, but it is all the more problematic 
in the terminological case where the emphasis lies on the 
hierarchical organization of concepts. 

In the present paper we shall consider the problem 
of modifying terminological default logic such that more 
specific defaults are preferred. After a short recapitu­
lation of default logic and its specialization, termino­
logical default logic, in Section 2, we shall consider the 
existing approaches for expressing priorities between de­
faults, and shall point out why they do not seem to 
be appropriate for our purpose (see Section 3). For 
this reason we present in Section 4 an alternative ap­
proach for dealing with prioritization in the framework 
of Reiter's default logic. The formalism is presented 
in the general setting of default logic where priorities 
are given by an arbitrary partial ordering on the de­
faults. For terminological default theories the priori­
ties between defaults will be induced by the position of 
their prerequisites in the concept hierarchy. We shall ex­
hibit some interesting properties of the new formalism, 
and shall compare it with existing approaches. It turns 
out that every extension according to our definition (S-
extension) is an extension according to Reiter's definition 
(R-extension); however, R-extensions which are not com­
patible with the partial ordering on defaults are excluded 
by our formalism. Not all default theories with an R 
extension have an S-extension, but every normal default 
theory has an S-extension. If the defaults are further 
restricted to prerequisite-free normal defaults then our 
approach coincides with the one of Brewka and Junker [5; 
9]. In Section 5 the problem of how to compute S-
extensions will be addressed. 

2 Defaul t Logic 

This section briefly reviews Reiter's default logic and its 
specialization, terminological default logic. 

2The reader who is surprised that this is only taken as a 
default property should have a look at the cover of [8]. 

Re i ter 's defaul t logic Reiter [17] deals with the 
problem of how to formalize nonmonotonic reasoning by 
introducing nonstandard, nonmonotonic inference rules, 
which he calls default rules. A default rule is any expres­
sion of the form 

where are first-order formulae.3 Here a is called 
the prerequisite of the rule, is its justification, and its 
consequent. For a set of default rules V, we denote the 
sets of formulae occurring as prerequisites, justifications, 
and consequents in V by Pre(V), Jus(D), and Con(D), 
respectively. 

A default rule is closed iff do not contain 
free variables. It is semi-normal iff its justification im­
plies the consequent, and it is normal if its justification 
and consequent are identical. A default theory is a pair 
( W , V ) where W is a set of closed first-order formulae 
(the world description) and V is a set of default rules. A 
default theory is close.d iff all its default rules are closed. 

Intuitively, a closed default rule can be applied, i.e., 
its consequent is added to the current set of beliefs, if 
its prerequisite is already believed and its justification is 
consistent with the set of beliefs. Formally, the conse­
quences of a closed default theory are defined with ref­
erence to the notion of an extension (called R-cxtenswn 
in this paper), which is a set of deductively closed first-
order formulae defined by a fixed point construction (see 
[17], p.89). In general, a closed default theory may have 
more than one R-extension, or even no extension. De­
pending on whether one wants to employ skeptical or 
credulous reasoning, a closed formula 6 is a consequence 
of a closed default theory iff it is in all R-extensions or if 
it is in at least one R-extension of the theory. 

To generalize the notion of an R-extension to arbi­
trary default theories one just assumes that a default 
with free variables stands for all its ground instances. In 
Roller's original semantics the world description and the 
consequents of all defaults have to be Skolernized before 
building ground instances (over the enlarged signature). 
As shown in [2] Skolemization leads to both semantic 
and algorithmic problems, which is the reason why we 
shall dispense with it in the case of terminological default 
theories. 

Termino log ica l defaul t logic For lack of space we 
shall not formally introduce a particular terminological 
language (see e.g. [2] for details). Instead we shall just 
mention the features of terminological languages which 
will be important for the following. The terminologi­
cal part of such languages allows one to build complex 
concept descriptions out of atomic concepts (unary pred­
icates) and roles (binary predicates). For our purposes 
it suffices to know that a concept description C can be 
regarded as a first-order formula C{x) with one free vari­
able x. The subsumption hierarchy between concepts 

3 For the sake of simplicity we consider only defaults with 
one justification. However, our results can easily be ex­
tended to the general case of defaults with finitely many 
justifications. 
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corresponds to imp l i ca t ion of formulae: C is subsumed 
by D i f f is va l id . 

The a s s e r t i o a l par t of the language can be used to 
state tha t an object is an instance of a concept (7, or 
tha t two ind iv iduals are connected by a role R. Logical ly, 
this means tha t one has constant symbols a, b as names 
for objects, and can bu i ld formulae C (a ) and R(a,b) by 
respectively subs t i tu t ing a for the free variable in C ( r ) 
and app ly ing the b inary predicate R to the constants 
a, 6. A f in i te set of such formulae is called an A Box. 
I m p o r t a n t inference problems for ABoxes are whether a 
given A Box is consistent, and whether an object a is an 
instance of a concept C, i.e., whether C(a ) is a logical 
consequence of the given ABox . I t should be noted tha t 
the formulae C ( x ) obtained as concept descriptions of a 
terminologica l language belong to a restr icted subclass of 
all f i rst-order formulae w i th one free variable. For this 
reason the subsumpt ion , consistency and ins tant ia t ion 
problems are usually decidable for these languages. 

A terminologica l default theory is a pair (A, D) where 
A is an A B o x and V is a f ini te set of default rules whose 
prerequisites, just i f icat ions, and consequents are concept 
descript ions. Obviously, since ABoxes can be seen as sets 
of closed formulae, and since concept descriptions can be 
seen as formulae w i th one free variable,4 terminological 
default theories are subsumed by Reiter 's not ion of an 
open default theory. However, as mot ivated in Section 3 
and 4 of [2], we do not Skolemize before bu i ld ing ground 
instances. Th is means tha t an open default of a te rmi ­
nological default theory is interpreted as representing all 
closed defaults which can be obtained by ins tant ia t ing 
the free variable by all object names occurr ing in the 
ABox . W i t h this in te rp re ta t ion , it is possible to com­
pute all R-extensions of terminological default theories 
(see [2], Section 5 and 6). 

3 Approaches to Pr ior i t i za t ion 

When confl icts occur in reasoning wi th defaults it is quite 
obvious that the more specific in format ion should prevail 
over the more general one. In the context of terminologi ­
cal default theories this means that for an instance of the 
concepts C and D a default w i th prerequisite C should 
be preferred if C is subsumed by D. As mentioned in the 
in t roduc t ion this requirement is not taken in to account 
by Reiter 's approach. If we assume that P, B, and F are 
concept descript ions def ining penguins, birds, and f ly ing 
objects, where P is subsumed by B, then the termino­
logical default theory consist ing of the world descript ion 
{ / ' ( D a n n y ) ) and the defaults 

has two R-extensions. One of them contains F { D a n n y ) 
and the other one ( D a n n y ) , and the semantics gives 
no reason for preferr ing the second one, in which the 
more specific default was appl ied. 

4The formulae occurring in one rule are assumed to have 
identical free variables. 

To overcome this k ind of prob lem several approaches 
for realizing pr ior i t ies among defaults have been pro­
posed in the l i terature. The prior i t ies may be induced 
by specif icity of prerequisites (as described above), but 
may also come f rom other sources (such as rel iabi l i ty of 
defaults). 

Reiter and Criscuolo show how some k ind of pr ior i t iza­
t ion between defaults can be achieved w i thou t changing 
the formal ism by encoding the p r io r i t y in fo rmat ion into 
the just i f icat ions of semi-normal defaults [18]. A l though 
our simple example f rom above could be handled w i th 
this approach, it is not clear how to t reat more complex 
si tuat ions. Reiter and Criscuolo do not describe a gen­
eral method for solving these problems; they jus t "focus 
on certain fair ly simple patterns of default rules." A n ­
other problem is tha t , even if one starts w i t h normal 
defaults (as in our example), one ends up w i t h semi-
normal defaults when realizing prior i t ies this way. Bu t 
this means tha t one has to face the undesirable prop­
erties of non-normal defaults, such as non-existence of 
extensions. 

In order to avoid the in t roduct ion of semi-normal de­
faults Brewka [6] takes the ideas under ly ing pr ior i t ized 
c i rcumscr ipt ion [10]] and defines an i terated version of 
default logic, which he calls pr ior i t ized default logic. As 
pointed out by Brewka himself, this approach makes 
sense only if it is restr icted to prerequisite-free normal 
defaults. In this restricted case, pr ior i t ized default logic 
yields a pr ior i t ized version of Poole's approach to default 
reasoning [ l6 ] , and it seems to exhib i t a quite reasonable 
behaviour. One reason why this is nevertheless not an 
appropr iate formal ism for t reat ing specif icity in termi ­
nological default theories is that the defaults have to be 
put in to levels of pr ior i t ies which are to ta l ly ordered. 
However, subsumpt ion between prerequisites only gives 
us a par t ia l order ing on defaults. 

In [5; 9] pr ior i t ized prerequisite-free normal default 
theories are generalized to ordered default theories which 
allow for an arb i t rary par t ia l order ing on defaults. We 
shall describe this approach in more detai l because— 
in combinat ion w i t h an approach for approx imat ing 
defaults w i t h prerequisites by prerequisite-free normal 
defaul ts—it yields a first solut ion to our problem of 
t reat ing specif icity in terminological default theories, 
even though we shall argue that it s t i l l exhibi ts some 
undesirable propert ies. In addi t ion, the default theories 
w i th specif icity we shall propose in the next section turn 
out to be a generalization of ordered default theories to 
defaults w i t h prerequisites. 
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sequent of the default is added if is 
consistent with the set of formulae obtained after step 
7 — 1 . Otherwise, the current set of formulae remains 
unchanged. The l imit of this process is the extension. 

Even though ordered default theories allow for prior­
ities given by a partial ordering, this approach cannot 
directly be used to realize specificity in terminological 
default theories. The reason is that the restriction to 
prerequisite-free defaults is too severe. In fact, for ter­
minological default theories the priorities we wanted to 
consider were induced by subsumption relationships be­
tween the concept descriptions in the prerequisites. But 
this means that for prerequisite-free terminological de­
faults we no longer have a need for prioritization. 

The situation is, however, not as bad as it seems. As 
shown in [3; 7], the closed normal default can 
be approximated by the closed prerequisite-free normal 
default Thus one could start with 
a normal terminological default theory, determine the 
priorities between defaults from their prerequisites, and 
then transform the defaults into the corresponding ones 
without prerequisites. This way one ends up with an 
ordered default theory which approximates the termi­
nological default theory, and which handles priorities in­
duced by specificity of prerequisites in the terminological 
default theory. 

However, we claim that this approach is still not satis­
factory because it gives us a lot more than we bargained 
for. As pointed out in [7], the approximation not only 
gets rid of prerequisites, but also equips the defaults with 
properties of classical implication, such as reasoning by 
cases and reasoning using contrapositives of the original 
defaults. For example, assume that, in addition to the 
concept descriptions for penguins, birds, and flying ob-
jects, we have a description W for objects having wings, 
and that the only subsumption relation is the one be­
tween penguins and birds. If we consider the termino­
logical default theory consisting of the world description 
{P(Danny)} and the defaults 

then the preferred extension should be the one in which 
Danny has wings, but does not fly. The approach we 
have described yields this extension; but it also yields 
another one in which Danny does not have wings, be­
cause as soon as the (approximation of the) first default 
has fired, the contrapositive of the third one can be fired, 
which gives us -W( Danny) 

This shows that in this approach the defaults no longer 
behave like simple forward rules. But the similarity of 
default rules with the monotonic forward rules of ter­
minological systems was one of our reasons for choosing 
default logic in the first place. 

4 Defaul t Theories w i t h Specif icity 
To overcome the problems pointed out in the previous 
section we shall now propose a new approach for han­
dling priorities among defaults with prerequisites. The 
semantics will be very close to Reiter's semantics, and 
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A proof of soundness and completeness of this algo-
r i t h m can be found in [ l ] . The idea behind the sets J i is 
as fol lows. If the consequent of a m in ima l active default 
is not included in then the reason must be tha t 
i ts jus t i f i ca t ion is not consistent w i t h the f inal exten­
sion. Thus , i f we exclude such a default f r om we 
know tha t the negat ion of its jus t i f i ca t ion must belong 
to the extension. The condi t ion on corresponds to 
the fact t ha t defaults whose consequents are added to an 
S-extension must have just i f icat ions tha t are consistent 
w i t h the extension. The condi t ion on can only en­
sure local correctness of our choices. For this reason we 
have to check the two condi t ions on to ensure global 
correctness. 

For terminologica l default theories, all the steps of the 
a lgor i thm are effective, provided that the consistency 
and ins tan t ia t ion prob lem for the under ly ing terminolog­
ical language is decidable (an assumption which is usu­
ally satisf ied). In add i t i on , since one has only f in i te ly 
many closed defaults, the i terat ion wi l l become stable 
after f initely many steps. 

6 C o n c l u s i o n 
We have addressed the question of how to prefer more 
specific defaults over more general ones. Th is problem is 
of general interest for default reasoning, but is even more 
impor tan t in the terminologica l case where the empha­
sis lies on the hierarchical organizat ion of concepts. Of 
the exis t ing approaches for hand l ing pr ior i t ies among de­
faul ts, Brewka's ordered default theories turned out to 
come nearest to what is needed for solving the speci­
f ic i ty problem in terminologica l default theories. But 
its rest r ic t ion to prerequisite-free normal defaults seems 
to be too severe to make it an adequate solut ion in the 
terminologica l case. 

Therefore we have proposed a new approach, called 
default theories w i t h specif ici ty, for handl ing pr ior i t ies 
among defaults with prerequisites. The propert ies we 
could prove for th is fo rmal ism demonstrate tha t i t is 
a qui te reasonable extension of Reiter 's default logic 
and of Brewka's ordered default theories. In addi t ion 
it correctly handles examples for which the other ap­
proaches give un in tu i t i ve results. We have also described 
a method for generat ing the extensions of a default the­
ory w i t h specif ici ty. Th is method is effective provided 
tha t the base logic is decidable, and one has only finitely 
many closed defaults. These restr ict ions are satisfied in 
the terminological case, which means tha t terminological 
defaul t logic w i t h specif ic i ty is decidable. 

An interest ing po in t for fur ther research is to consider 
pr ior i t ies on terminological defaults which not only take 
subsumpt ion between prerequisites of defaults in to ac­
count, but also the role relat ionships in ABoxes. 

A c k n o w l e d g e m e n t s We should like to thank Peter 
Patel-Schneider for in terest ing discussions on specif ici ty 
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