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Abstract: Inconsistencies or conflicts appearing in the integration
of ontologies and general rules are handled by applying
prioritizing and updating. First, a prioritized knowledge base is
obtained by weighting information weight. Then, based on the
idea ‘“abandoning the old for the new”, the weight of each rule is
greater than that of the information in ontologies. If ontologies
conflict with general rules, then a new knowledge-base without
any inconsistency or conflict is obtained by using rules with big
weight updating information in ontologies with small weight.
Thus, current logic programming solvers and description logic
reasoners are employed to implement the reasoning services, such
as querying etc. Updating based on prioritizing is more suitable
for handling inconsistencies than other approaches to introducing
non-standard semantics if knowledge bases are dynamically
evolving. Moreover, a consistent knowledge base can be always
maintained in the dynamical environment by updating outdated
information with new information based on weighting. Finally,
this approach to dealing with inconsistencies is feasibly
exemplified.
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he semantic web is an extension of the current web by
Tintroducing standards and technologies that help ma-
chines to understand the information on the web so that they
can support richer discovery, data integration, navigation,
and automation of tasks'''. The semantic web is conceived
in hierarchical layers, where the ontology layer is in the
form of the web ontology language (OWL) and the rule lay-
er offers sophisticated representation and reasoning capabili-
ties. However, the ontology layer of the semantic web is
quite developed, and the rule layer is far less developed™'.
Based on the input from the semantic web rules community,
the semantic web architecture has been recently reconsidered
by Berners-Lee et al'''. Ontologies and rules are now sitting
side by side between RDF(s) and a unifying logic layer.
The problem of adding rules to ontologies is currently a hot
research topic in the semantic web community due to the in-
terest of the semantic web applications towards the integra-
tion of rule-based systems with ontologies' . Mei et al. '
presented an approach to integrating DLs with more general
rules called ALC;. The ALC, extends a DL-based knowl-
edgebase, consisting of a TBox .7 of subsumptions and an
ABox .7 of assertions with a PBox P of general rules,
i.e., Datalog — rules permitting default negation for atoms
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in the body, in a homogeneous manner. That is to say, a
PBox of general rules sharing predicates with the DL con-
cepts and DL roles is added in order to introduce the non-
monotonic reasoning mechanism to ontologies in ALC}. For
its open answer set semantics, extended Herbrand structures
are used to interpret DL concepts and DL roles, while open
answer sets hold for general rules. The primary characteris-
tics of ALC, are the unifying predicates of DL and the con-
cepts or roles of DLs. It facilitates reasoning in DLs by
many inference engines in LP. Unfortunately, an ALC;KB
does not do anything when facing conflicting or contradicto-
ry information. For instance, given ALC, KB %= (.7, .7,
P), where TBox .7~ = {Bird C Fly, Penguin £ Bird},
ABox % = {Bird ( Tweety), Penguin ( Tweety)}, PBox P
= {Fly(x) «Bird(x), not Penguin(x), — Fly(x)«Penguin
(x)}, the answer set S of 77 is {Bird ( Tweety), — Fly
(Tweety), Fly (Tweety)}. Clearly, S is inconsistent.
Practically, it is not reasonable that S entails anything by the
trivial inference. The main reason of the trivial reasoning is
the existence of inconsistent information — Fly ( Tweety)
and Fly (Tweety).

Not surprisingly, the study of dealing with inconsistent
ontologies with rules becomes more and more important.
Roughly, there are two fundamentally different approaches
to handling inconsistencies in both DLs and LP. The first
approach, called the paraconsistent approach, applies a non-
standard reasoning method to obtain meaningful an-
swers"”"' . The other approach is repairing inconsistencies in
order to obtain a consistent ontology by applying techniques
such as belief revision, prioritizing and updating etc'®™ .
Techniques of prioritizing and updating are widely applied in
dealing with inconsistencies in answer set programming'"”

In this paper, according to the second approach, we em-
ploy prioritizing and updating to handle inconsistencies or
conflicts occurring from the integration of ontologies and
general rules in ALC;. The main innovations and contribu-
tions of this work can be summarized in the following as-
pects.

1) We define a prioritized dl-program based on the priori-
tizing technique, which is presented to treat ontologies as
rules with weight from the view logic programming during
the process of reasoning.

2) We introduce a prioritized ALC, based on the priori-
tized dl-program to provide a strict partial ordering between
two dl-rules to weight different values to different dl-rules.
Thus those conflicts occurring between ontologies and rules
can be handled in the prioritized ALCy .

3) We employ the updating technique to handle inconsist-
encies between ontologies and general rules in ALC,. The
main principle of updating for ontologies and rules is “aban-
doning the old for the new”. That is to say, the latest infor-
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mation would be accepted and other outdated information
should be discarded based on the partial ordering among
three units, namely, an ABox, a TBox and a PBox.

4) We apply the updating technique to deal with incon-
sistencies occurring among an ABox, a TBox and a PBox
by updating an ABox with a PBox and updating a TBox
with a PBox, based on facts that (D) a PBox is on the top
layer of an ABox and a TBox; and (2) the knowledge of a
PBox is newer than that of an ABox or a TBox based on the
idea “abandoning the old for the new”.

1 Preliminaries

ALC, presented by Mei et al'”'. is an approach to integra-
ting ontologies with general rules, which enables the newly
envisioned unifying logic on top of ontologies and rules in
the semantic web. For comprehensive background reading,
please refer to Ref. [4].

Let I be a finite set of named individuals, and V = {x, y,
Z, ...} a countable set of variables. A (Datalog) term is a
named individual or a variable. Let N_. be a set of concept
names and N, a set of role names. The set 3, of ALC-roles
is N. The set 3. of ALC-concepts is the smallest set such
that 1) The top concept T and the bottom concept L are
ALC-concepts; 2) Every concept name in N, is an ALC-
concept; and 3) If C, C,, C, are ALC-concepts and R is an
ALC-role, then = C, C,NC,, C,UC,, dR. C, YR C
are also ALC-concepts.

We say that a concept is in the negation normal form
(NNF) if classical negation “—” occurs only in front of
atomic concepts. A dl-literal is the form L or — L, where L
is an assertion in DLs. Lit denotes a set of all dl-literals. A
rule is a dl-rule if the rule has the form of Ly«L,, ..., L
notL,,,, ..., not L, where L,(0<<i<n) is a dl-literal in
DLs. We refer to the L, as the head of r, denoted by
Head(r), while the conjunction L,, ..., L, notL ., ...,
not L, is called the body of r, denoted by Body(r) = {L,,
..o, L,, not L ., not L }. Body " (r) ={L,, ..., L,}
and Body "(r) ={L,,,,, .... L,}. A set of dl-rules is called
a dl-program, denoted by [I. Given a concept C, clos(C)
is the smallest set that contains C and is closed under sub-
concepts and negation (in NNF). For a set of concepts 3,
clos(3) = CLéchlos( C). An ALC‘,,J KB has the form 7%= (.7,

%, P), where 1) TBox .7 Subsumptions are C, C C, with
C,, C,eX. 2) ABox .Z: Assertions are C(a) or R(a, b)
with Ce 3., Re3,, and a, b e, and 3) PBox 7: dl-
rules are r, L,(u)«—L,(v,), ..., L (v,), not L (v, .,),
..., not L (v,) with L,e 3. UZ3,, and u, v, are vectors of
terms in /U V, for each 0 <i<<m < n (Each vector has
length 1 or 2 since concepts from 3. become unary predi-
cates and roles from 3, become binary predicates) .

Syntactically, dl-rule variables in PBox P are merely re-
quired to satisfy the most general Datalog safeness condi-
tion'> *,

Given a function-free first-order language %, an %-struc-
ture is a pair 7= U, I), where the universe U ={D, o)
consists of a non-empty domain D and a function ¢o: IUD’
—D which assigns a domain value to each individual, and
o(d) =d for all de D', given IND#(.

Elements of D' are called unnamed individuals.

m?>

m+12 *°°

We re-

mark that the corresponding definitions in Ref. [2] are not
clear, where g: IUD and any d € D is defined as an un-
named individual if there is no i € I such that o (i) =d.
Using o, we formalize UNA, PNA, and SNA as follows:
in the case that ¢ is injective, the UNA applies; in the case
that D' is empty, the PNA applies; the SNA is exactly the
combination of UNA and PNA.

Let / be an “-interpretation over D, which assigns a rela-
tion p' C D" to each n-ary predicate symbol p(here n >1).
Answer set semantics is usually defined in terms of a Her-
brand structure that has a fixed universe, namely the Her-
brand universe H = (1, id), where id: I—1 is the identity
function. Obviously, by I and id, the SNA is applied here.
An extended Herbrand structure 7= {(D, id), I) is de-
fined for a set of named individuals /, a set of concepts 3.
and a set of roles 3,, where 1) id: /U D’—D and id(d) =
dforalldelU D', given IUD#{); 2) I. 3.—2" for
concepts and I: 3,—2"*” for roles such that for concepts
C, C,, C, €3 and roles R € 3, the following are satis-
fied: T'=D, 1'=¢, (—=C)'=D\C', (C,NC,) =C,
NC, (C,UC)' =CluC,, (AR O)' ={e,eD | Te,.
(e,, e,) eR and e, e C'}, (YR. C)' ={e, eD | Ve,.
(e,, e,) e R implies e, e C'}.

An associated valuation v' of interpretation I over D is a
mapping, s.t. ,v'(C(d)) =true, if d e C', where C e 3,
and de D; V'(R(d,, d,)) =true, if(d,, d,) e R', where R
ed,and d,, d, eD.

An extended Herbrand structure 7 satisfies a TBox .7 if
C,CC, forall C,CC,in.7 , where C,, C,e3.. Sucha
structure 7 is called a model of .77, written as 7 |I= .7 .
An extended Herbrand structure 7 satisfies an ABox .2, if
id (a) =ae C"and (id(a,), id(a,)) =(a,, a,) e R’ for all
C(a) and R(a,, a,) in .#, where Ce 3., Re 3, and a,
a,, a, el. Such a structure 71is called a model of . 7, writ-
ten as 7 1= 7. P,is the result of grounding P. A(P,) is
the least extended Herbrand models of P, in which none of
the dl-rules contains “not”. I'(P,, S) is a set of dl-rules af-
ter Gelfond-Lifschitz transformation'"" for P, with general
dl-rules. S is an open answer set of P, if S=A(I'(P,, S)).
An extended Herbrand structure 7 is a model of P, written
by 7= P, if the set S = {C(d) | Vv'(C(d)) = true} U
{R(d,, d,) \ V' (R( d,, d,)) =true} is an answer set of P,.
An extended Herbrand structure 7 satisfies an ALC, KB .%’
=(7 4 P)if 7is a model of .7, .4 and P. Such a
structure 7 is called a model of .77, written by 7 |I= 7. A
KB .7Z'is satisfiable if there is a model of .7Z.

2 Prioritized ALC}

In this section, we transform ontologies into ALC, and
assign different weights to different dl-rules. The main idea
of the introduction of a prioritized ALC, is employing the
logic programming reasoners, most of which are efficient,
to implement the reasoning with ontologies.

It is known that each subsumption in the TBox .7~ can be
rewritten as a dl-rule'". Let . % be((J, 4, P”), where
P =PUP, and P,= {C,(x)—C,(x) | C,EC, e T}.
Clearly, P» P and P are ALC; KBs. Moreover, by appe-
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nding the rules: C, M C,(x)—C,(x), C,(x); C, UC,(x)—
C(x); CUG(x) —Cy(x); TR C(x)—C(y), R(x, y);
CU=C(x)>T(x); YR . —CUFR. C(x)— T (x), for
each computable ALC-concept, we obtain a KB .%" ( (),
A, P” /’) 11 which is used to evaluate extensions of com-
plex ALC-concepts.

In this paper, we mainly consider the updating .77’ since
the ALC, KB .%'=(.7 .7 P) is equivalent to its updating
X =(D, A, P as well as 7, A4, P7Y"*. In or-
der to simplify our work, we suppose that each ABox of
ALC, KB is coherent with respect to its TBox. In this
work, for convenience, we assume that all assertions in
ALC-ontologies have been transformed into dl-rules. In the
following, we introduce prioritized ALC, with adding the
partial order to ALC, by employing prioritizing in logic pro-
gramming'"” .

Definition 1 A prioritized ALC} dl-program P is a triple
(II, N, <), where [T is an ALC:,J dl-program; N is a na-
ming function mapping each dl-rule in I to a name; < is a
strict partial ordering on names. We use P( <) to denote
the set of < -relations of P.

Definition 1 shows that a prioritized ALC, dl-program P
is an ALC, KB with a partial ordering. In particular, if N
(r) <N(r") holds in P, dl-rule r would be preferred to ap-
ply over dl-rule ' during the evaluation of P.

Based on defeating rules in LP, we characterize whether a
dl-rule is defeated in the following definition.

Definition 2 A dl-rule r is defeated by [T if and only if
IT has an answer set and, for any answer set S of II,
Body(r) NS##0.

The ground instantiation fills the concepts or roles by in-
dividuals in order to make ALC, only contain assertions.

Definition 3 A prioritized ALC, dl-program P = (IT o
N,, < g) is the ground instantiation of P = (I, N, <) if
1) 11, is the ground instantiation of IT; 2) < . is a strict par-
tial ordering and N,(r}) <N,(r}) e P'( <,) if and only if
there exist dl-rules r, and r, in IT such that r| and r) are
ground instances of r, and r,, respectively, and N(r,) <N
(ry) eP(<).

Notice that in the process of ground instantiation, we
should maintain the partial order between two assertions. In
the following, we will only consider a ground prioritized
ALC;KB without explicit declaration.

Definition 4 A set of dl-rules is a reduct of P with re-
spect to <, denoted by P~, if and only if there exists a se-
quence of set I1,(i =0, 1, ...) such that

1) 11, =1I;

2) I,=1,, -{r, r, ...| @ There exists r e II,_,
such that for every j(j =1, 2, ...), N(r) <N(r)) e P( <)
and r,, r,, ... are defeated by II, , - {r,, r,, ...}; @
There are no dl-rules ', r"... e II,_, such that N(r;,) <N
(", N(r) <N(r"), ... for some j(j=1, 2, ...) and r/,
r", ... are defeated by I, , - {r', 7', ...}};

3) P =N,

Definition 5 For any subset S of Lit, which is the set of
all ground dl-literals in the language of P, § is an answer set

of P if and only if S is an answer set for some reduct P~ of
P.

We say that a prioritized ALC, dl-program is well defined
if it has a consistent answer set. An ALC, KB is consistent
if all its answer sets are consistent. Based on the above bas-
ic definitions, we introduce a prioritized ALCE KB.

Definition 6 An ALC, KB .% = (.7 .#, P) is priori-
tized, denoted by (.77 .4, P, <), if P”is a prioritized
ALC; dl-program.

3 Updating Prioritized ALC}

In this section, we employ updating presented by
Zhang'"”' for prioritized ALC; to handle inconsistencies. In
our view points, rules are newer than ontologies since rules
are on the top of ontologies. Based on an important idea of
updating that “abandoning the old for the new”, rules are
sounder and more reasonable than ontologies. In this paper,
we develop a mechanism of updating following from this
idea. In the updating mechanism, we update ABoxes with
PBoxes and update TBoxes with PBoxes since PBoxes are
more credible than both ABoxes and TBoxes. In the follow-
ing, for convenient discussing, we mainly consider a priori-
tized ALC, KB .%'=(.7 .#, P, <), where .7 is coherent
with respect to .7~ and P is consistent.

3. 1 PBoxes updating ABoxes
We denote %

role symbol P in 4, there is a corresponding concept or role
symbol New-P in %4, with the same arity of P. Lit,, is
used to denote the set of all ground dl-literals of %, , that
is, Lit,,, =LitU {New-L \ L e Lit}, where New-L denotes
to corresponding dl-literal L in .~

Definition 7 The prioritized ALC; of £, is a specifi-
cation of updating ABox .Z with PBox P, denoted by Up-
date(.4, P) =(P", N, <) as

1) P is composed of the following dl-rules: (D Initial
knowledge dl-rules, for each L in .-Z, there is a dl-rule L
«—; ) Inertia dl-rules, for each concept or role symbol P in
%, there are two dl-rules, New-P(x)<«—P(x), not — New-
P(x) and — New-P(x)<«— P(x), not New-P(x); @3 Up-

which satisfies that for each concept or

date dl-rules, for each dl-rule L,«—L,, ..., L,, not L __,,
.., not L there is a dl-rule, New-L,«—New-L,, ..., New-
L , not New-L , not New-L ;

m? m+12 n?

2) Naming function N assigns a unique name for each dl-
rule in IT";

3) For any inertia dl-rule r and update dl-rule r', N(r) <
N(r').

Following from definition 7, when conflicts occur be-
tween inertia and update rules, inertia rules should defeat
the corresponding update rules. Otherwise, the preference
ordering does not play any role in the evaluation of Update
(A4, P).

Definition 8 A set ..#" of ground dl-literals is called a
possible resulting ABox with respect to Update (.2, P), if
and only if .-Z" satisfies the following conditions: (D If Up-
date(.Z, P) has a consistent answer set, written by S, then
A" ={L|New-Le S}; and ) If Update (., P) does not
have a consistent answer set, then . 72" =.7. We use Res
(Update(.4, P)) denote the set of all resulting KBs of Up-
date(.Z, P).

The following property presents a close relationship be-
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tween the result after updating and the answer set of its cor-
responding prioritized ALC,KB.

Theorem 1 Let Z'=(.7 .#, P, <) be a prioritized
ALC; KB and Update(.#, P) be a well defined update
specification. Then .Z" results with respect to Update (.47,
P) if and only if . Z" is an answer set of prioritized ALC, P
=(PU{L<notL |Le .7}, N, <), where N(r) <N(r")
for each dl-rule r: L<—L, not L with L €. and each dl-rule
7’ in P where L stands for the complement of dl-literal L.

Definition 9 .7 satisfies a dl-rule r if and only if facts
Ly, ..., L arein .7 and facts L/ ,,, ..., L are not in ..
Then fact L', is in .Z for each ground instance r' of r: L',
., L' notlL’ ..., not L'. 7 satisfies P if .7

’
Ll’ i m’ m+1’

satisfies each dl-rule in P.

We will show that every possible result of a KB after up-
dating it with IT satisfies JI. That is, we can indeed obtain
a consistent KB after updating.

Theorem 2 Let %' =(.7 .4, P, <) be a prioritized
ALC, KB and . Z" be a resulting ABox with respect to Up-
date(.#, P). If the update specification Update (.7, P) is
well defined, then . 7" satisfies P.

We say a set S is coherent with an ALC, KB [T if for any
answer set §* of e(II, S) of [T with respect to S, SUS" is
consistent, where e(II, S) is viewed as a simplified ALC,‘,J
of IT providing that all ground dl-literals in S are true.
ABoOX .7 is coherent with PBox P in a similar way. Clear-
ly, .7 is coherent with P if and only if PU {L« | L e .7}
is well defined.

3. 2 PBoxes updating TBoxes

In the following, we consider the case in which P -is up-
dated by P. First, we groundly instantiate the TBox. Then,
we update the ground instantiation of TBox with PBox by
applying the analogical mechanism of PBoxes updating
ABoxes. Let §,,-be an answer set of P,and S, ., € Res
(Update(S,,, P)), which is denoted to a set of all the re-
sulting KBs of Update (S,, P).

Definition 10  An ALC,KB I1,, ,
ALC; from P with respect to P, if IT,, , is a maximal
subset of the ground instantiation of P -such that S, -is co-
herent with I1 ., , .

We call P ,coherent with P if for any answer set S of P,
S is coherent with P. Next, we define the update operator
called P-Update for a prioritized ALC,KB.

Definition 11 A specification of updating P -with P is
specified as the prioritized ALC, P-Update (P, P) =
(I p> pyUP, N, <) where there is a preference relation N
(r) < N(r'") for each dl-rule r in P and each dl-rule ' in
11 (P7, P)"

Definition 12 An ALC,KB P is a possible resulting
ALC, of P-Update( P, P) after updating P with P if P is
a reduct of the ground instantiation of P-Update(P , P).

In the following theorem, we present some good proper-
ties of the answer sets of a resulting ALC, of P-Update(P ,
P).

Theorem 3 Let Z'=(.% .#, P, <) be a prioritized
ALC, KB, P-Update(P, , P) be an update specification
and P be a resulting ALC, of P-Update(P, P). The fol-

is a transformed

lowing properties hold:

1) If Head(P,) NBody(P) =(J, then each answer set of
P is also a result with respect to S, ,,, where S, = {L L
—eP}.

2) For each answer set §* of P, we have SCS”, where
S is an answer set of P.

3) P does not include any ground dl-rules, which are
ground instances of some dl-rules in P, of the form L«

.., not L', ..., where L' is included in every answer set P.

4 Reasoning with Updating

Let 7Z'=(7 .#, P, <) be a prioritized ALC;I KB and
Q a query {p,, ..., p,}. A conjunctive query(CQ) Q over
an ALC; KB .7% is of the form being {p, (w,), ...
p.(w,) }, where p, is either a concept or a role in DLs, and
w, is a (unary, binary) vector of terms, for each 1 <i<n.
A union of conjunctive queries(UCQ) Q' over an ALC, KB
7% is of the form being Q,(w,) V...V Q,(w,), where Q, is
a CQ for each 1 <i<m. Q is said to be a query, whether Q
is a CQ or a UCQ.

Given a query Q and an extended Herbrand structure 7=
{((D, id), I), the variable substitution with respect to Q
and Zis 0={x,/t,, ..., x,/t,}, which substitutes each var-
iable x; e V appearing in Q with a/an (un)named individual
t,eD and 1<i<n. Asfora CQ Q, a structure 7is a mod-
el of O, denoted by 7 |= Q, if there is a variable substitu-
tion § with respect to Q and # such that 7 I= p,(w;) 0,
i.e., applying 6 to variables in p,, where 1 <i<n. For a
UCQ Q', Zis a model of Q', denoted by 7 I= Q', if 7
I= Q,in Q', where 1 <j<m. Given an ALC; KB .% and a
query Q, .7 entails Q, denoted by . 7% |= Q, if 7= Q for
each model 7 of . 7.

Given an ALC, KB .%, an interpretation I of .7 satis-
fies a CQ Q if and only if I can be extended to the variables
in Q in such a way that 7 satisfies every term in Q. A bool-
ean CQ is “true” with respect to .7, written by .77 |= Q if
and only if every interpretation that satisfies . 7% also satisfies
Q. In fact, a boolean CQ is true with respect to a KB if and
only if it is a logical consequence of the KB. In short, the
inference problem is to decide whether .77 |I= Q.

We consider P = (), .4, P,UPU{Q«Dp,, ..., P,}
<) is the corresponding dl-program P of 72U {Q«p,, ...,
p,} and Q is a special concept or role symbol which does
not occur but signs the answer to the query Q.

The query entailment problem of Q is transformed into the
problem of the existence of Q in the answer set S of P.

Since the answer sets are consistent and equivalent, the
following theorem holds.

Theorem 4 If an ABox .2 and a TBox .7 are coherent
with a PBox P, then we obtain ((J, 4", P_.UP, <)I|=
Q if and only if 7 1= Q.

Theorem 4 easily follows from the definition of updating.
When .Z or .7 is not coherent with P, there exists a con-
sistent answer set of ((J, .Z2", P, UP, <) while all an-
swer sets of (), .4, P”, <) are inconsistent. It can be
easily concluded that updating ABoxes and TBoxes by
PBoxes can eliminate contradictory or conflicting the infor-
mation between ontologies and general rules.
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Next, we reconsider the beginning example. We have P~

= {Fly«Bird, Bird«—Penguin}. Since there exists only one
individual Tweety occurring in %, we mainly discuss the
set {Tweety}. After groundly instantiating, we obtain that
{Fly ( Tweety) «—Bird ( Tweety), Bird( Tweety) «—Penguin
(Tweety) }; {Bird ( Tweety), Penguin ( Tweety)}; {Fly
( Tweety ) «— Bird ( Tweety), not Penguin ( Tweety), Fly
(Tweety) «— Penguin( Tweety) }.

Supposed that the weight of members of the same units
(ABox, TBox, PBox) is weighted with the same value.
After employing the operator P-Update, we obtain the an-
swer set of resulting S° = {Bird ( Tweety ), Penguin
(Tweety), — Fly(Tweety) }. It shows that S* is consistent
and the exception is considered in the reasoning. We analo-
gously discuss more general examples by employing our up-
dating. In short, our approach is indeed employed to deal
with inconsistencies or conflicts.

5 Conclusion and Future Work

In this paper, we present an approach to dealing with in-
consistencies or conflicts occurring in the integration of on-
tologies and general rules. A mechanism of updating based
on the idea “abandoning the old for the new” is introduced.
Though there are many different mechanisms of updating,
the technical principle of different mechanisms of updating
is uniform. In fact, we provide the main technical principle
of updating for ontologies and general rules in this paper. In
the future work, we mainly aim at studying updating for a
general ontology, whose ABox is unknown to be consistent
with respect to its TBox, and general rules.
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