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Next generation semantic applications are characteriged b
large number of ontologies, some of them constantly evolv
ing. When changing ontologies, we often confront the prob
lem of dealing with inconsistencidélaase and Stojanovic,
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Abstract

The problem of revising an ontology consistently
is closely related to the problem of belief revision
which has been widely discussed in the literature.
Somesyntax-based belief revision operatdrave
been adapted to revise ontologies in Description
Logics (DLs). However, these operators remove the
whole axioms to resolve logical contradictions and
thus are not fine-grained. In this paper, we propose
three model-based revision operators to retése
minologiesin DLs. We show that one of them is
more rational than others by comparing their logi-
cal properties. Therefore, we focus on this revision
operator. We also consider the problem of comput-
ing the result of revision by our operator with the
help of the notion o€oncept forgettingFinally, we
analyze the computational complexity of our revi-
sion operator.

Introduction

2005; Schlobaclet al., 2007; Qiet al, 200d. In [Qi et al,,

2009, two scenarios have been considered where we need
deal with this problem. The first one is the ontology learning
scenario where inconsistencies occur during the process
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scription logics (DLs) are a family of important ontologypre
resentation languages (sBealaschek-Wieneet al, 2006;
Qi et al, 2006; Flouriset al., 2006). However, these opera-
tors are all syntax-dependent ones. That is, suppose ttere a
two ontologies that are logically equivalent and we want to
revise them with another ontology using these operatoes, th
we may get two ontologies which are not logically equivalent
In belief revision, there is an important family of revisiop-
erators, called model-based revision operators, thanae i
pendent of the syntactical forms of the ontologies to be re-
vised. A model-based revision operator in propositiongido
is usually defined by theymmetric difference sdtetween
two interpretations which are a set of propositional vdaab
However, it is not trivial to adapt the model-based revision
operators to DLs because DLs have their own features (see
[Flouriset al, 2004). For example, in DLs, we can distin-
guish two kinds of logical contradictions: inconsistencyla
incoherence. An ontology is inconsistent iff it has no model
i.e., it is inconsistent in the first-order sense. An ontgleg
incoherent iff there exists some unsatisfiable conceptgne
unsatisfiable concept stands for the empty set).

In this paper, we propose three novel model-based revision

operators to reviseerminologiesn DLs by adapting the well-

known Dalal revision operator defined in propositional togi
In Section 3, we first define a revision operator by directly
adapting the notions dfifference set between two interpreta-

Hﬁ)nsanddistance between two terminologid$owever, this

revision operator cannot deal with incoherence. To solee th

g{oblem, we propose a modified distance between two termi-

nologies. The revision operator defined by this new distance

learning expressive ontologies from text corpus increwignt
and the second one is the ontology mapping scenario whe
erroneous mappings may result in an inconsistency and neey
to be repaired. Inconsistencies hamper the effective use
ontologies because answers derived with standard-reasoni
are completely meaningless. Therefore, inconsistency ha
dling is an important problem for ontology change.
Inconsistency handling has been considered as a cent
problem in many topics of knowledge representation, suc
as belief revisioGardenfors, 1988which deals with the S " .
problem of accommodating newly received information con-2  Preliminaries on Description Logics
sistently. The problem of revising an ontology consisteistl  We introduce some basic notions of Description Logics (DLS)
closely related to the problem of belief revision. Many op-(more detailed of DLs can be found[Baaderet al., 2007).
erators in belief revision have been adapted to deal with inin our work, we consider only terminological part of a DL-
consistencies in description logic-based ontologies wher  based ontology, i.e., the so-call@tBox (or terminology)

rfémction is still problematic because it does not diffeiatet
tisfiable concepts and unsatisfiable concepts. Therefere
fine a modified difference set between two interpretations
e also consider the problem of computing the result of revi-
ion by this operator with the help of the notionfofgetting
n Section 4, we show that this revision operator is bett@nth
rg}hers by comparing their logical properties. Finally, woa<c
r§|der some computational issues of this revision operator.



which is used to express the intensional level of the ontolimodelZ of 7;, we only revised? for some concept names
ogy. A TBox 7 consists of concept axioms and role axiomsand keepR? for all role namesk intact. We will show that
(RBox). Concept axioms (or terminology axioms) have therevising A for some concept names is enough to turn a
form C © D whereC and D are (possibly complex) con- model of7; into a model of7; (Section 4). In order to ensure
cept descriptions, and role axioms are expressions of the fo that R” is not revised for role name’3, the distance between
RLCS, whereR and S are (possibly complex) role descrip- 7; and7; should not be related to role names. This can be
tions. The signatur8i g(7") of TBox 7 is the set of concept achieved by the following definition of a difference set.

and role names occur . ) ) ~ Definition 1. Let7; and 7, be two TBoxes, and'N and

The semantics of DLs is defined via a model-theoretic seg v be respectively sets of concept names and role names in
mantics, which explicates the relationship between the lang; 9(T, UTy). LetT = (A,-T) andZ’ = (A,-T') be models
guage syntax and the model of a domain: An |nterpretat|org)f71 and T, respectively, \;vhich are defined 6hg(TUT).

— I T H i
T = (A7, 7) consists of a non-empty domain set and 1 jifference set betweef and ', written dif f(Z,T), is
an interpretation functior?, which maps from concepts and defined as follows:

roles to subsets of the domain and binary relations on the do- )
main, respectively. Given an interpretatidnwe say thatZ dif f(I,T) = CN, ifthere existsk € RN, RT # R,
satisfies a concept axioi C D (respectively, a role inclu- ’ | {A€CN|AT £ AZ’}, otherwise.

H H H A z H A A
sion axiomR C 5) if C"CD” (respectively.R” C 57). That is, the difference set between two models is the set

An interpretationZ is called amodelof a TBox 7, written ) . .
T |= T, iff it satisfies each axiom iff. We useMod(T) to of all concept names if they interpret a role name diffesentl

denote all the models of a TBAK. Two TBoxesT, andZ; and the set of concept names that are interpreted diffgrentl
are equivalent, writteff; = 7y, iff Mod(T;) — Moé(ﬂ)_ K by the models otherwise. Note thatfif andZ, do not share
named concepf' in a terminology? is unsatisfiable iff, for & ommon d?_mawr]], then they are not comparable. hrough
each modef of 7, CZ — . A terminologyT is inconsistent Y& ¢an define the distance between two TBoxes. Through-
iff it does not have a model, and itis incoherent iff theresesi Ot .th.e_ paper, we usé| to denote the cardinality Of. set

an unsatisfiable named conceptfin Incoherence is a kind Definition 2. Let 7; and 7; be two TBoxes. Théistance

of logical contradiction which has been widely discussee (s betweer?; and 7, writtend(7, 7z), is defined as:

[Flouriset al., 2006). When there is a concept in a TBox, if ATy, ) = mingrz, pp|dif F(T,T')].

the TBox is inconsistent, then it must be incoherent. ) . .
The distance between two TBox&sand7s is the minimal

. . cardinality of the difference sets between modelgpfnd
3 Modgl-basc_ed Revision Operators for models of7;.
Terminologies We define our first revision operator.

In this paper, we assume that there is at least one concept Definition 3. Let7; and 7; be two TBoxes. A revision op-
any TBox and each individual TBox is coherent (so it is con-erator, writteno,,, is defined in a model-theoretical way as
sistent by the first assumption). Our revision operators aréollows:

adapted from Dalal’s operatbDalal, 1988, which is an im- _ y
portant model-based operator defined as follows: given two Mod(Ty on ) = {Z =T ,HI =T,
propositional formulag andy, we first calculate the distance dif f(Z,7")| = d(T1, T2)}.

between them as the minimal cardinality of thiference sets That is, the models of the result of our revision operator
between models ap and models of, then the set of mod- o,, are the models of TBof; satisfying the condition that
els of the result of revising by v consists of models of  there exists a model df; such that the difference between
that satisfies the following condition: there exists a maxfel them is equal to the distance between the two TBoxes.

¢ such that the cardinality of the difference set between the |t is easy to see that if; is consistent withry, then7; o,

two models is the same as the distance betweand:). The 7, = 7; U 75. From this property, we have tha@ o, 75
difference set between two models consists of propositionds incoherent if7; U 75 is incoherent but consistent. It has

variables that are interpreted differently by them. been pointed out incoherence will cause trivial subsumptio
o relation on unsatisfiable concepts so that it should bevedol
3.1 Definitions after revision (se¢Schlobachet al, 2007 and [Flouris et

To adapt Dalal’s revision operator to DLs, we need to defineal., 200d). The problem of the revision operator is caused
the "difference set” between two models. By treating eachdy the distance between two TBoxes. That is, whenJ
concept name as a propositional variable, we can define th& is incoherent but consistent, their distance is 0. So any
difference between two models in DLs in a similar way asinterpretation thatis a model @i U7, is a model of7; 0, 75.

the difference set between two models in propositionaldogi To solve this problem, we need to give a special treatment of
Suppose we want to revise a TB@x using another ong,.  unsatisfiable concepts i U 75.

Following the idea of Dalal’s revision operator, in our revi Definition 4. LetZ; and 73 be two TBoxes and'N be the
sion operator, we revise some models/pfto make them as  set of concept names 8i g(7; U 7z). Themodified distance
models of7;. However, we introduce a special treatment. petweerZ; and 73, writtend’ (77, 75), is defined as:

Since logical errors in TBoxes are usually caused by incor- , _ ) ;

rect concept definitions (s¢Rectoret al, 2004), to revise a d'(Th,2) = mingpr, 17, vaeon:az zoldif f(Z.17)].



When modelZ’ of 7; is used to define the new distance
function, it cannot interpret any concept as an empty sdés Th
will exclude the case that there exists modebf 75 such

cept names inlif f(Z,Z’) that are unsatisfiable if; U 75
than those that are satisfiablelp U 75, then further strat-
ify these two sets of concept names using the stratified set on

that bothZ andZ’ interpret an unsatisfiable concept as anC'N. Formally, we have the following definition.

empty set. Note that the existence of mafiedf 7; that does
not interpret any concept as an empty set is justified by th
assumption thdl; is coherent. By replacingin Definition 3
with d’ we can get a new revision operator, which is denote
aso,;. The following example shows that we do not have
T, opr To = 71 U T3 anymore even ifl; U 75 is incoherent
but consistent.

Example 1. LetTy; = {AC BND,AC C,BC C}and
T, = {A C -B,A C =C}. Ais an unsatisfiable concept
in 7; U 7. Consider a model of 7; and a modell’ of 7;
such thatA”' = {a,b,c,d}, AT = {a}, BT = {a,b,c},
ct = {a,b,c} and DT’ a,c}, and A% a,b,c,d},
AT = {d}, BT = {a,b,c}, C* = {a,b,c} and D = {a,c}.
We havedif fs(Z,7') = {A}. Therefore|dif f(Z,Z")| =
1andd'(7;,73) = 1. We show that\od(7; opr T2)
Mod(ToU{B C C}). Suppos€ = Ty oy T2, thenZ = T
and there exists a modél of 7; such thaldif f(Z,Z")| = 1.
Itis not difficult to see that we must hawef f(Z,Z') = {A}.
Therefore,BT = BZ andCZ = CZ'. Thereforel = B C
C. Conversely, suppose = 7, U{B C C}. ThenZ = 75.
Supposd’ is an interpretation such thahZ = AZ, BZ'
BT andCT = C7T', AT = () and DT = DZ. We have
dif f(Z,7") = {A}. ThereforeZ is a model off; oy Ts.

Definition 5. Let 7; and 75 be two TBoxes. Sup-

%ose(Sl,...,Sn) is a stratified set on all concept names
dn Sig(7i U o).

Let 7 (A1) and 7'
(A,-T') be two interpretations.  Letl/ {A €
dif f(Z,7') | A is unsatisfiable in7; U 75} and W =
dif f(Z,7') \ U. The stratified difference sebetween
T and 7', written dif fs(Z,Z’'), is defined as follows:
dif fs(Z,7) = (UNSL,...,UNS,,WNSy,....,WnNS,)

Similarly, we can defineds(77,7z2) through replacing
dif f by dif fs in Definition 4 and then define a new revi-
sion operator through replacingjf f by dif fs and replac-
ing d by dgs in Definition 3, which is denoted ass. We
need some further explanations of the stratified set on con-
cept names iI8i g(7; U 73) in Definition 5. There are some
benefits of defining the stratified difference set by thististra
fied set. First, based on different stratified sets, we canelefi
different difference sets, thus different revision opersit We
allow users to order the signature of the language and de-
cide which concept names are more important than others.
Therefore, our revision operator is more flexible than those
defined previously. Second, in Section 5, we will provide a
special stratified set on concept nameSiig(7; U 72) such
that the result of the revision operator defined by the strati
fied difference set can be computed in polynomial time for

From Example 1, to resolve an unsatisfiability, the revisiona lightweight DL. A naive stratified set is to give all concept
operator ;,» may remove all the unsatisfiable concepts in thenames irSi g(7; U 73) the same priority. In this case,= 1

original TBox. This is not the standard way to deal with un-
satisfiability because it does not debug the ontology to fied t
cause of the contradiction (s€Bchlobachet al, 2007). In
Example 1, one of the reasons that concépiecomes unsat-
isfiable is that it is claimed to be a subconcept of bBtaAnd
—B. To resolve an unsatisfiability, we should change thos
concepts or axioms that are involved in the contradictiah an
keep the unsatisfiable concept if possible.

The problem of the revision operatoj; is caused by the
definition of difference set. That is, it gives the same prior

ity to the satisfiable concepts and the unsatisfiable coacep

in a difference set between two interpretations. To solig th
problem, we introduce a notion atratified setto define a
new difference set. Given sets of concept namés, ..., S,

by S = (S4,...,5,) we denote a stratified set such that el-
ements inS; (i = 1,...,n) have the same priority but el-
ements inS; are preferred to those ifi, for anyj < k.
The cardinality of the stratified s&t = (S, ..., S,) is de-
fined as an ordered set of numbé&§ = (|S1], ..., |Snl)-
Let S = (S1,...,5,) and S’ (S1,..,50), 1S] < 197]

iff there exists an € {1,...,n}, such thatS;| < |S!| and
|S;| = [S}| forany j < i, and[S| = [S"] iff [Si] = [S]]
for anyi € {1,...,n}. We now define a stratified difference
set between two interpretations. We assume that th€' 3et
of concept names in signatug g(7; U 73) has been strat-

esuch

in Definition 5 anddif fs(Z,Z') = (U,S; \ U). We illus-
trate the new revision operator using Example 1, by taking
this naive stratified set.

Example 2. Consider modelZ of 7; and modelZ’ of 7y
thatAT = {a,b,c,d}, AT = {a}, BT = {a,b,c},
ct = {a,b,c and DT = a,c}, and A% = {a,b,c,d},
AT = {a}, B = {b,c}, CF = {b,c} and DT = {a,c}.
We havelif fs(Z,T') = (0,{B,C}). So|dif fs(T,T')| =
(0,2). We must havé(7;,72) = (0, 2) based on the follow-
ing observations: (1) for any pair of interpretatiods and
7!, we must havel” = AT1 = (), (2) for any pair of inter-
pretationsZ; andZy, if |dif fs(Z1,Z7)| = (0,m), wherem
is an integer, then we must haxe > 2. Therefore, a model
7 of T, is a model off; og 7 iff there exists a modél’ of 7;

such thatAZ = AT and|dif f5(Z,Z")| = (0,2).

3.2 Syntactical counterpart of revision operatorog

We show that the result of our revision operatgr can be
computed with the help of the notion obncept forgetting

It has been shown ilLang and Marquis, 20Q2hat Dalal's
revision operator is a special case of a general framework
based orvariable forgetting where a propositional variable
forgotten in a propositional formula will result in anotter-
mula which is logically strongest consequence of the origi-

ified such that some concept names are more important tharal formula that is independent of the variable. This irepir

others. When defining the stratified difference set betwee
interpretationsZ andZ’, we first give higher priority to con-

us to provide an approach for computing our revision opera-
tor og syntactically by using the notion débrgettingin DLs.



We first introduce the relatior 4 and the notion of concept
forgetting given in[Wanget al,, 2009: let A be a concept
name in a DL languag€, andZ andZ’ interpretations of
L. We defineZ ~, 7' iff 7 andZ’ agree on all concept
names and role names except possiblyonThe result of
forgetting about4 in 7, denoted a$ or get (7, A), is de-
fined in a model-theoretical way as followsor get (7, A)

is a TBox on the signatur8i g(7) \ {4} and any interpre-
tationZ’ is a model off or get (7, A) iff there is a model
7 of T such thatZ ~4 Z’. It has been shown ifWanget
al., 200§ that when we forget a seA = {A,..., A, } of
concept names, the order of concept forgetting will not influ
ence the final result of forgetting. Therefore, we can defin
forget (7,A) = forget (...(forget (7, A1),...), Ap).

In [Wanget al, 2004, an algorithm is given to compute the
result of concept forgetting iDL-Lite, a family of DLs that

T, oy T consists of the union of> and the knowledge
base$obtained front; by forgetting preferred recovery sets.
Therefore, the result of revision is a set of knowledge hases
In [Meyeret al, 2004, a set of knowledge bases is called a
disjunctive knowledge base (DKB). Its semantics is given as
follows: A DKB B is satisfied by an interpretati¢ghiff 7 is
a model of at least one of elementsihf

Example 3. (Example 1 continues) Suppose the stratified set
on{A,B,C} is {{A,B,C}}. There are several recovery
sets of7; w.rt. 73, such ag A}, { B, C}, {A, B,C}, etc. Itis
easy to check that = { B, C} is the only preferred recovery

set. Therefore], oy 7, = {forget (71, V)U T2} = {{AC

D}U7T,}. Thatis, we get a unique TBa&x={AC D, AC
-B, A C —C} as the result of revision.

One may notice that our revision operator drops more in-

provide tractable reasoning. However, for more expressivéormation than necessary to restore coherence bedause
DLs, the result of concept forgetting may not be expressed’ can be added t@ without causing a contradiction. This

in the same languadéonevet al, 2004. In the following,

kind of problem can be fixed, for example, by taking another

we define a revision operator by using the notion of forget-step to restore unnecessary removals by a syntax-based re-
ting and show that this operator corresponds to the revisiorision after we apply the forgetting-based revision opmrat

operatorog.

The detailed discussion of this problem will be left as fatur

We define the notion of recovery set, which is a set of conwork.

cept names in the original TBox that will be forgotten to re-
store coherence.

Definition 6. Given two TBoxeg; and 75, a recovery set of
7, w.r.t. 75 is a setV of concept names iff; U 75 such that
forget (71,V) U7 is coherent.

We useR% to denote all the recovery sets®f w.r.t. 75.
A trivial recovery set is the saf' N of all concept names in
71 U7, as forget7;, CN) = () and7; is assumed to be co-
herent. In Example 1{A} and{B, C'} are recovery sets of
7, w.rt. 73. Among all the recovery sets @f w.r.t. 75,

some are preferred to others. In the following, we define &roof sketch.We first show that Mod(7y os 7s)

preference relation ow%. We first stratify a recovery set
by giving priority to unsatisfiable concepts in it and furthe

We are able to show that revision operatogsando are
semantically equivalent. Due to page limit, proofs of preipo
tions in this paper are either omitted or sketched. Full fgoo
can be found in a technical report at http://www.aifb.uni-
karlsruhe.de/WBS/gqi/papers/IJCAIO9QD.pdf.

Proposition 1. Let 7; and 7; be two TBoxes. Suppose
(S1,...,S,) is a stratified set on all concept names in
Si g(71 UT3). If bothog andoy are defined by Sy, ..., S,),
then we havéfod(7; os T3) = Mod(T; of Ty).

N

Mod(Ty oy T5).
Supposel = T; og T, then there exists a mod&l of

stratify these unsatisfiable concepts and other concepés by7> such thawif fs(Z,7') = ds(T1,T2), R = RT for any
pre-defined stratified set. We then compare two recovery se® ¢ RN, andAZ £ (foranyA € CN. We setV as the set

by comparing the cardinality of their stratified sets.

Definition 7. Let 7; and 7; be two TBoxes. Suppose
(S1,...,5,) is a stratified set on all concept names in
Si g(7; UT5). A preference relation o2, called a lexico-
graphic relation and is denoted as..,, is defined as follows:
for any two recovery sefg; and 12, letU; = {A € V; | A4

is unsatisfiable ir7; U 7o} and W, = V; \ U, for ¢ = 1, 2.

Vi =Riex Vo iff |(U1ﬂ51, .., U1NS,, WiNsy, ..., WlﬂSn)| <
|(U2 n Sl, veey U2 n Sn, W2 n S1, veey Wg n Sn)|

We call a recovery sét’ € R;j preferredif for all recov-
ery setsV’ € R,V =ie, V. By Pre(R7?) we denote the
set of all preferred recovery setsRy2.

Definition 8. Let 7; and 7; be two TBoxes. Suppose
(S1,...,5,) is a stratified set on all concept names in
Si g(71 U 73). A forgetting-based revision operator, denoted
asoy, is defined as follows:
Tiop Ty ={forget (T;,V)UT | V € Pre(R2)},
wherePre(R7) is defined by Sy, ..., Sy,).

of all the concept names i f fs(Z,Z’). We first show that
V is arecovery set, that i§or get (7;, V) U 75 is coherent
by showing thaf’ is model off or get (77, V)U7; and using
the fact thatdZ’ + () forany A € CN. Next, we show that’
is a preferred recovery set by reduction to absurdity bygisin
the fact that iff or get (77, V') U 75 is coherent, then there
exists a modef of f or get (71, V) U 75 such thatdZ # ()
for any unsatisfiable concept @i U 75 and there exists a
modelZ’ of 7; such thatZ ~y 7.
Second, we show thét/ od(7; oy 7o) C Mod(71 og T3).
Suppos€l |= 77 oy 7. ThenZ =forget (7;,V) U T.
SinceZ | forget (7;,V), there existsZ’ = 7; such
thatZ ~yv Z'. Sol|diff(Z,7')| = |V|. We show that
ds(T1,73) = |(UNSL,....UNS,, WnNS,...wns,)|
by reduction to absurdity. Thereforédif fs(Z,Z")]
ds(T1,T3). SinceZ = 7T; andZ’ = Ti, Z is a model of
105 1. O

1The result of forgetting may not be a DL knowledge base any-
more.



For a terminological axiong, 7; oy 73 = ¢ (resp.7; og Unsatisfiability Repair Given two TBoxes7; and7;, sup-
T, = ¢) if ¢ is satisfied by every model it od(7; oy 73) pose there exists a sitof satisfiable concepts iy U7; such
(resp.Mod(7; o5 73)). Proposition 1 tells that there exists an that all the unsatisfiable conceptsinu 7; are satisfiable in
algorithm to decide if7; og 75 |= ¢, provided that there ex- for get (77, V)U7s. Then for any model € Mod(7;073),
ist algorithms for computing the functidror get , because  there exists a moddl’ € Mod(7;) such thatd? = AZ' for
Tios T | ¢iff Tiop To E ¢iff forget (7:,V)UT = ¢ all unsatisfiable concept in 7; U 75.

for all preferred recovery sét Pre(R%). This postulate says if we can resolve all unsatisfiable con-
cepts by forgetting some satisfiable concepts, then none of
4 Logical properties the unsatisfiable concepts should be forgotten after mvisi

We consider postulates for revision operators in DLs givenExalmple 1 shows that,; does not satisfy this postulate.

in [Qi et al, 2004, which are reformulated from Katsuno Proposition 4. For any stratified set on all concept names
and Mendelzon’s postulates (KM postulates)iatsuno and  in Si 9(71 U 72), o5 satisfies the postulate "Unsatisfiability

Mendelzon, 199p Repair”.

(G1) Mod(7,0T5) C Mod(¢) forall ¢ € T5. Propositions 1-4 show that; is better than other two when
(G2) If Mod(T:)NMod(Tz) # 0, then Mod(7T1072) =  applied to deal with incoherence.

Mod(Ty)NMod(7T3).

(G3) If T; is consistent, thet od(7,075) # 0. : i

(GA) If Mod(T) — Mod(Ty) and Mod(T") = Mod(Ts), 5 Co'mputatl'onal Issues of Revision Operator
thenMod(ToT") = Mod(T;0T). og In DL-Lite

(G5) Mod(T1072)NMod(T3) S Mod(T10(T2UT3)). We first analyze the computational complexity of our revi-
(G6) If Mod(T,0T2)NMod(73) is not empty, then sion operator in a special DL, called DL-LiteThe language
Mod(T,0(ToUT3)) SMod(T 0T )NMod(73). of DL-Lite, extends the core language for the DL-Lite fam-

(G1) guarantees that every axiom in the new TBox can bély [Calvaneseet al., 2007 by allowing conjunctions of ba-
inferred from the result of revision. (G2) says that we dosic concepts in the left-hand side of inclusion axioms, wher
not change the original knowledge base if there is no conflictthere exists an algorithm to compute the result of concept fo
(G3) is a condition preventing a revision from introducing getting[Wanget al, 200§. The DLs of the DL-Lite family
unwarranted inconsistency. (G4) says the revision operatare tailed to capture conceptual modeling constructs,tbut s
should be independent of the syntactical forms of knowledgéave low reasoning overheads. All reasoning tasks in the DLs
bases. (G5) and (G6) together are used to ensure minimaF this family, such as concept subsumption and answering

change. o complex queries, are computationally tractable.

We are able to show that the operatgy satisfies allthese ~ We show the time complexity of subsumption checking un-
postulates. der our revision operator.
Proposition 2. o, satisfies (G1)-(G6). Proposition 5. Given two TBoxe%; and7; in DL-Lite and

Postulates (G1)-(G6) are reasonable when we only want t8 concept subsumption_axigmn DL-Liter, the problem of
deal with inconsistency. However, (G2) is not a good postudeciding if7; os 7; |= ¢ is Aj-complete.

late to capture a rathnal revision operator fOIf termineg Proof sketch.(Hardness) We show this by<&, -reduction of

because it infers that if a TBox is consistent with another on he following AP | blerfik | 1988 Gi

but their union is incoherent, then the result of revisiostis the following A; -complete problenKrentel, -olvena
' satisfiable clause sét = {C}, ...,C,} on X = {x1, ...,z },

incoherent. This is exactly the problem for the revisionrepe i . . ; .
atoro,, given by Definition 3. Therefore, we modify (G2) as (rjneecrll(tjq? (v)v(h)eéz?;jhe Ie;(lgo\?vrha}gﬁ I\?vaellgj/emngi(érg;m Eg?;h fils_SIgn
follows: . s )y - m ,

/ . fills ®,,(zy) = true. Forl < j < m, let L(C;) denote the
(G2) For any TBox7, and any coherent TBOX, 7; U7 is set of literals inC;. For! a literal occurringj inC, let B,
coherentif and only if/od(710T,) = Mod(T,)NMod(Ty). denote the concept namag if [ is x;, or A, if lis —z;

Postulate (G2 requires that if7; U 75 is incoherent buf, LetT; — {Gi C A;, Gy = A G’f’ E’LA' a 7[ na
is coherent, then the result of revision should not be equiv—1 < é;} Ul{ﬁ e B‘ —| 1 Q }*2 o l“€ lLJF(Z'_)} aind
alent to their union. It is clear that,, does not satisfy this T, = {_A~ iy 2 ) lA. |—|74”J = B 7 s
postulate. = i i =7 _z‘v . i = Gign S s

We are able to show that our revision operatoys andog n} Uil herc,) Br & ~H; |1 < = mj}. We define a
satisfy (G2) and many other postulates. ?trgtl;le}d ?i‘f‘jﬁs‘afi - (<{C;i}\ }4; i < %})U éﬁ?&' tlruSth
Proposition 3. For any stratified set on all concept names in ;o; g e S e TN N

; g gnmen®(X), let Vg denote{A; | 1 < i < n,®(x;) =
Si g(T, U To) oy salisies (GL)(G2 and (G3)G0)-0x ot 1) (i | 1 51 = o) — fusc]. Thent
also satisfies (G1),(Gpand (G3)-(G6). But they do not sat- g 4 recovery set of; w.r.t. 75 iff ®(X) satisfiesC. Note

isfy (G2) in general. that for a preferred recovery skt of 7; w.r.t. 7, sinceV’
Proposition 3 shows that postulates (G1),(G#hd (G3)-  does not contain ang; or H;, it must containd; or A}, A
(G6) do not differentiate operatosrs and operatoro,,. for all 1 < i < n; otherwise some&=; is unsatisfiable in

Therefore, we propose a new postulate which is satisfied bffor get (7;,V) U 75. SinceS prefers recovery sets that do
og but falsified byoy,. not containA/ (and hence contaid ;) over recovery sets that



containAY etc., itis clear that for distinct truth assignments setV should make(7; NV, ..., T5, N V)| minimal among
P(X) and¥(X) satisfyingC, we haveVy <., Vi iff ©(X)  that of all recovery setsR2? has only one preferred recov-
is not lexicographically less tha#(X) W.r.t. (z1,...,zn). It ery set. It is computed by consideriffg, ..., T, in turn to
follows thatPre(R%) = {Vsg, }. HenceT; o5 7 = G, T keep as many axioms with higher priority as possible while
Al iff TyofTo = G,, T A, (by Proposition 1) iffA], & V guaranteeing coherence. LBt be a partial preferred re-

m

iff ®,,(x,) = true. SinceT;, T, andS can be constructed in covery set before consideririfj. ThenT; is appended to

polynomial time, the hardness holds. Vif forget (7;,V U Ui’;iﬂ Ty) U 7o is incoherent, be-
(Membership) Let the stratified set fog be (S,...,S,).  cause otherwise coherence cannot be restored by congjderin

We use the following algorithm to checkTi o5 7> = ¢. Tis1,..., Ton. Since the result of concept forgetting in DL-

1. U:={AelJ, Si| Aisunsatisfiable ir'; U T5}; Lite, TBoxes can be computed in polynomial tifWanget

2. fori:=1,..,ndoT; =UNS;; Titn =S \U,; al., 2009, as well as coherence checking and subsumption

3. fori:=1,...,2ndo checking in DL-Litg; can be accomplished in polynomial

4. forj:=0,..,|Ti| do time [Calvaneseet al, 2007, Algorithm 1 works in poly-

5. Guess(Vi, ..., Vi) whereV,, C Ty forall 1 < k < 4, nomial time.

and check iffVi] = mpforl < k <i—1,|V;] =jand
U,y Ve U™, ., T is arecovery setdlh w.rt. To;ifso,set 6  Related Work

m; asj and continue nex; In [Flouris et al, 200§, Flouris et al. generalize the
6. Guess a stratified s¢ll/y, ..., W.,) whereW; C S; forall1 < q)|.known AGM (Alchourbn, Gardenfors and Markinson)
i < n, and check i J_, Wi is a recovery set ofs wrt 7o, famawork in order to apply the rationales behind the AGM
forget (7, U, W) UL £ ¢, andforalll < i < n  gamework to a wider class of logics. [Rlouriset al, 2006,
(Wi NU| = m; and|W: \ U| = min; if s0, retumn false; a framework for the distinction between incoherence and in-
7. reum true; consistency of an ontology is proposed. A set of rational pos
In the above algorithm, a preferred recoverylsdés com-  tylates for a revision operator in DLs is proposed. [@i
puted in lines 1-5 by a guess-and-test approach,man® et al, 2004, reformulated AGM postulates for revision are
setas|V N T;| forall1 < i < 2n. Clearly (m1,...,m2,)  adapted to DLs. A set of postulates is giver{Ribeiro and
is unique for all preferred recovery sets. Note thatan be  \Wassermann, 200y adapting Hansson’s postulates for a
computed in polynomial time. Note also that the checkingsemi-revision operator (s¢elansson, 1999.
process in line 5 or line 6 can be accomplished in polyno- Some concrete operators have been proposetHdaseet
mial time, so the algorithm finishes after Calling an NP agacl al., 2005, an a|gorithm is given to determine consistent sub-
o1+ Z?Zl(\m +1)) = O(3 1, |S:]) times. That is, the ontologies by adding an axiom to an ontology. A revision
algorithm works inA} time. [0  operator is given ilHalaschek-Wienegt al, 2004 based on
Hansson’s kernel operator. [Qi et al, 2004, the authors
The above proposition shows that subsumption checkingropose two revision operators that satisfy their postslat
underog is in general intractable. However, in a special caseAll these revision operators deal with inconsistencies.eti
where every concept name constitutes a stratum in the giveal. in [Qi et al, 2008 propose a general revision operator
stratified set fop g, subsumption checking in DL-Liteunder  to deal with incoherence by adapting Hansson’s kernel revi-

og is tractable (see Algorithm 1). sion operator. However, this operator is not fine-grained in
the sense that it removes a whole axiom from a TBox if it
Algorithm 1. Checki ng(7;, T3, (Si. ..., Sn), &) is selected by aincision function Our revision operators

are different from existing ones in that they follow another

Input: Two TBoxes7; and7», a stratified sefS1, ..., S») on all . . T . L
concept names iBi g(7; U 73) such thatS;| — 1 for all 1 < family of belief revision operators, i.e. model-based se
i < n, and a concept subsumption axigm ~  operators, so they are more fine-grained than existing ones.
Output: The truth value off; o5 73 = ¢, whereos is defined by Our work is different from existing revision approaches
(S1,...,50). on prioritized knowledge bases, such [@enferhatet al,
1. U:={Ae ], Si| Aisunsatisfiable i/; U T2}; V := 0; 2003, because our work is based on a preference over con-
2. fori:=1,...,ndoT; =S NU; Tyrp =S \U; cept names.
3. fori:=1,...,2n with T; # 0 do .
4. ifforget(71,VU Ui" +1 Tk) U Tz is incoherenthen 7 Conclusion and Future Work
5. Vi=VUT; In this paper, we adapted the well-known Dalal revision op-
6. return forget (7:,V)U Tz = ¢; erator for revising terminologies in description logics.e W

pointed out some pitfalls when we tried to adapt the notion

] ] ] of a difference set between two interpretations and the no-

Algorithm 1 first computes the unique preferred re-ton of a distance function between TBoxes. We defined three
covery setV in R7 (lines 1-5), then checks whether model-based revision operators successively and showed th
forget (71,V)U Ty E ¢ (line 6). By Proposition 1, the one of them ¢g) is more rational than others using some ex-

result of the above checking is exactly the truth value ofamples. We then defined a revision operator syntactically

71 os Ta = ¢. In the algorithm,T; consists of at most using the notion of concept forgetting and showed that this
one axiom for anyl < i < 2n. Since a preferred recovery operator is semantically equivalent to the revision omerat




os. We considered logical properties of our revision opera{Giacomoet al, 2001 G. De Giacomo, M. Lenzerini,
tors with respect to postulates given[@Qi et al, 2004 and A. Poggi, and R. Rosati. On the approximation of instance
by proposing some new postulates. We showed that the re- level update and erasure in description logicsPtac. of
vision operator g is more rational than others. Finally, we  AAAI, pages 403-408, 2007.

showed that subsumption checking in DL-Life. under our  [aase and Stojanovic, 200%. Haase and L. Stojanovic.

revision operatop, is PN P10Ucsm]-complete and provided  Consistent evolution of owl ontologies. Rroc. of ESWC
a polynomial time algorithm to compute the result of rewisio  pages 182-197, 2005.

in a special case.

We consider only revision of terminologies in DLs. As a
future work, we will extend our work to consider ontologies L : ; . ;
with ABoxes. This is very challenging because it has been ?Sh\?\?cmcaor;ssls?fgg%ér; Czho%n59lng ontologies. fmoc. of
shown in[Wanget al., 2004 that even for DL-Lite languages, pag _ : ' _
forgetting results in DL-Lite with ABoxes are not expredsib [Halaschek-Wieneet al, 2006 C. Halaschek-Wiener,
in the same |anguage‘ We will consider the fo"owing solu- Y. Kat_z, _and B Parsia. Belief base revision for expressive
tions. First, we do not require that the result of revisiorstnu  description logics. IProc. of OWL-ED 2006.
be expressed in the same language as the original language f®lansson, 1999S.0. HanssorA Textbook of Belief Dynam-
the ontologies under consideration. Second, we consider ap ics: Theory Change and Database Updatikguwer Aca-

[Haaseet al, 2009 P. Haase, F. van Harmelen, Z. Huang,
H. Stuckenschmidt, and Y. Sure. A framework for han-

proximation of the I_’eSL_I|t of revision in the original langeg demic Publishers, 1999.

like the work done irfGiacomoet al, 2007. [Katsuno and Mendelzon, 19pH. Katsuno and A.O.
Mendelzon. Propositional knowledge base revision and
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