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ABSTRACT and matured, there has been a transition to more expressive syndi-

Syndication systems on the Web have attracted vast amounts 01;cation approaches; that is, subscribers and publishers are provided
with more expressive means for describing their interests and pub-

attention in recent years. As technologies have emerged and ma—l, hed bli di ination. Th h th
tured, there has been a transition to more expressive syndication'S"€d content, enabling more accurate dissemination. Through the

approaches; that is, subscribers and publishers are provided withy€ars there has been a transition from keyword-based approaches

more expressive means of describing their interests and publishea(e'g'* [19]) to attrib_ute-vz:llu?_ pz_;lirsé (ke.g., |[131) and rréo:_e recently to
content, enabling more accurate information filtering. In this pa- <ML (€.9., [4]). Given the limited knowledge modeling expres-

per, we formalize a syndication architecture that utilizes expressive §ivity of XML (and XML Schema), there has been interest in us-

Web ontologies and logic-based reasoning for selective contentdis-'n(? RDS for iyndica(tjiondpurposes (e._g., ]EZS])' R?F gas even been
semination. This provides finer grained control for filtering and au- adopte ’ast e_star_l ar representatl_on O”?‘ato R. S 1.0

tomated reasoning for discovering implicit subscription matches, Tod_ays syndl;:atlon approall_ches stil pro_vlde_relatlvely weak ex-
both of which are not achievable in less expressive approaches. WePressive power from a mode ing perspective (|.e._, XML an_d RDF
then address one of the main limitations with such a syndication &€ inexpressive modeling languages) and provide very little au-
approach, namely matching newly published information with sub- tomated reasoning suppor_t. However, |f_a more EXpressive ap-
scription requests in arflicient and practical manner. To this end, proach_wnh formal §emant|cs can be proylded, many benefl'gs can
we investigate continuous query answering for a large subset of thebe aCh"?VEd; thesg mclude a nch_semantlcs-based njecljamsm for
Web Ontology Language (OWL); specifically, we formally define €XPressing subscriptions and published content, allowing increased

continuous queries for OWL knowledge bases and present a novelS€l€ctivity and finer grained control for filtering [22]. Additionally,
algorithm for continuous query answering in a large subset of this automated reasoning can be utilized for discovering subscription

language. Lastly, an evaluation of the query approach is shown matches that cannot be found using traditional syntactic syndica-

— . o 'tion approaches.
demonstrating itsféectiveness for syndication purposes. ) . .
g y purp In this work, we consider using the Web Ontology Language

(OWL) for representing published content. As the semantics of

Categories and Subject Descriptors a large subset of OWL is aligned with description logics (DLs),

1.2.4 [Artificial Intelligence ]: Knowledge Representation Formali- ~ '€asoning techniques for DLs can then be leveraged for matching
sms and Methods; H.3.3rformation Storage and Retrieval]: content with subscription requests [9, 22, 17]. In such an approach,
Information Search and Retrieval-Information Filtering the previously mentioned benefits of using a formal representation

language can therefore be achieved. An additional benefit of an
OWL-based syndication approach is its native Web embedding and
General Terms power as a data integration language. Further, such an approach
Algorithms, Design, Performance can be seen as a natural extension of existing RSS 1.0 syndication
systems, as OWL can be encoded in RDF.
To demonstrate the increased expressivity of an OWL-based syn-

Keywords dication approach, consider the following example related to the
Syndication, Publistsubscribe, Description Logics, Continuous financial domain. Assume that a stock trader is interested in infor-
Query Answering mation contained in news articles (or collections of articles) that

discuss news about companies that will make their stocks volatile
1 INTRODUCTION (i.e., they become risky investments). In particular, assume that

the trader is interested in aiskyCompanyhat he or she defines
Web-based syndication systems have attracted a great amount ofo include companies that had their credit downgraded by either
attention in recent years. In typical syndication frameworks, users Moodys or S&P credit agency and exists on some sell ratings list
register their subscription requests with syndication brokers; sim- of a financial institution. Using an XML-based approach, syndi-
ilarly, content publishers register their feeds with syndication bro- cation brokers can provide an XML Schema that contains an el-
kers. Itis then the broker’s task to match newly published informa- ementRiskyCompanynd such companies can be declared to be
tion with registered subscriptions. As technologies have emergedthis type of element. However, more complex logical definitions

Copyright is held by the International World Wide Web Conference Com- and automatic classification of objects cannot be supported; th_ere-
mittee (IW3C2). Distribution of these papers is limited to classroom use, fore, an XML-based approach cannot accommodate the previous
and personal use by others.
WWW 2007May 8-12, 2007, Banff, Alberta, Canada. IRSS 1.0 Specification: htjpweb.resource.ofgsg1.Q/spec
ACM 978-1-59593-654-7/07/0005.
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example. If we consider an RDF-based approach, then a syndi-ation of the incremental reasoning techniques is provided, demon-
cation broker can model the financial domain using RDF Schema; strating their &ectiveness for OWL-based syndication.

therefore, slightly more complex subscription matches can be ob-  Full proofs of the results presented in this work can be found in
tained, as one can logically infer that a companyRiskyCompany the accompanying technical report [10].

(e.g., based on subclass relationships). However, in an RDF-based

approach, complex logical definitions, such as the previously men- 2~ PRELIMINARIES

tioned RiskyCompanyare not definable. In contrast, in an OWL-

based approach, such expressivity is easily provided. For example, 'T‘ t.h's sec_tlon, we briefly prc_JV|de an overview of OWL and de-
RiskyCompanis defined in Table 1 (turtle syntax). scription logics, query answering for DL KBs, and tableau algo-
rithms for DL reasoning.

RiskyCompany  oulClassi 2.1 The Web Ontology Language
owl:intersection .
[ a owl:Restriction; owl:onProperty :onRecommendation; The W3C-approved Web Ontology Language (OWL) is the rec-
owl:someValuesFrom :SellList] ommended standard for the formally representing content on the
- y rep g
[ a owl:Restriction; owl:onProperty :downgradedBy; Web. One of the main benefits of OWL is the support for formal
owl:someValuesFrom [ owl:oneOf ( :SandP :Moodys ) ] ] . . . .
:Company reasoning, as the semantics of a variety of its sub-languages are

) firmly founded in description logics (a decidable fragment of First
3m%‘;:imﬁ‘g;:n;gg:%tgfv%tg’rﬁ:ég;’ Order Logic). In particular, the sub-language OWL-DL is a syntac-
‘onRecommendation a owl:ObjectProperty; tic variant of the description logiSHOIN [13], with an OWL-

owl:InverseOf :hasRecommendation . DL ontology corresponding to 8&HOIN KB. In this work, we
address a subset SHOI N , namelySH I; therefore, we briefly
introduce the syntax and semanticsS 7.

Let C,R,| be non-empty and pair-wise disjoint setsatbmic

The definitions that the propertgovedToJunis a sub-property concepts atomic roles andindividuals respectively. The set of
of downgradedByand onRecommendatiois the inverse ohas- SHT roles (roles, for short) is the sBtU {R™ | R € R}, whereR™
Recommentatigrare included in Table 1 as they are used later in denotes the inverse of the atomic rée Concepts are inductively
the paper. using the following grammar:

While OWL-based syndication approaches provide increased ex-
pressivity over XML and RDF, previous DL-based syndication ap- C—A|-C|CNC|CUC|IRC|VRC

proaches dtier from scalability issues due to the inherent complex- whereA ¢ C, a € I, Cy aSHI conceptRa role, ands asimple

ity of DL reasoning [22, 17, 9]. This is an issue in domains such ) . "
o - . ~_role (i.e., no transitive roles or super-roles of a transitive folje
as the syndication of financial news feeds because response times

- NN . . . Wwrite T and_L to abbreviateC LI -C andC r -C respectively.

must be minimal as critical information must be delivered in near A role inclusion axiomis an expression of the for@: & R
real time (e.g., for stock trading purposes). One of the main lim- eXp oo L= "2
o - L . whereRy, R, are roles. Atransitivity axiomis an expression of
itations in an OWL-based syndication approach is related to DL - s

. ; R b . .~ the formTrangR), whereR € R. An RBoxR is a finite set of
reasoning over changing data; this is primarily due to the static role inclusion axioms and transitivity axioms. FOyD concepts
nature of existing DL reasoning techniques. In particular, the ad- a concent inclusion axiors an ex reésion of t.he for@ C D pA !
dition of information from newly published documents and data P P o

can be viewed as a change in the underlying knowledge base (KB) TBox T is a finite set of concept inclusion axioms. An ABAXs
In current DL reasoning algorithms, reasoning on the updated KB a finite set of concept assertions of the fddz) (whereC can be

is performed from scratch. The consistency of the KB must be 22(? irrt])grirglictzo?gesgﬁr ‘))r;:i?gz;nrs Ioef?r?z?oammonsbcz:é:eggz)l
ensured; queries must be re-evalutated; etc. This negatively im- q y(eq y P y

acts the performance results of existing DL-based syndication ap-2 ~ b). AKB K = (T,R,A) is composed of TBOX, RBoxR and
P P ) ng y P~ ABox A. Denote the set of individuals in K& (ABox assertiony)
proaches, as performance times are in the tens of seconds. An ad- :
o NIV S . asly (respectivelyl,).
ditional limitation of OWL-based syndication approaches is related An interpretation is a pairZ = (AZ, ), whereA? is a non-
to the infancy of the underlying architectures investigated to date; P P IS :
. X ) ) . ' empty set, called theomainof the interpretation, and is the
in particular, these architectures have not been investigated in great : . . : ) :
depth or fully formalized interpretation function The interpretation function assignsAoe
; ' , . C a subset ofA7, to eachR € R a subset oA’ x A7 and to each
In this paper we address both of the previously discussed short- T . . S
cominas with OWL-based svndication svstems. In particular. we & € I an element ofA’. The interpretation function is extended to
. gs wi yndication sy ) P ’ complex roles and concepts as given in [13].
first formalize a DL-based syndication framework. We then ad- The satisfaction of 1 axiomyassertiony in an interpretation
dress the scalability of DL reasoning for the purpose of syndication. . . . erp 7
. . : - 7, denoted E «ais defined asfollows: (1J E R C Ry iff (Ry)* €
First, we present a technique for incremental consistency check-(R ) (2) I E TrangR) iff for everya,b.c e A7, if (al,b?) ¢ RY
ing for a substantial portion of OWL. Then, we address the issue an2d @[ o) e R, then &7, ¢7) e R,_yz,;) I LC |: D iﬁ"CI c DI
of continuous query answering over OWL KBs that are being up- @)1 |=’C(a) iﬁéj ccl- (’S)I E R(’ b) iff (al Bj) Rl aﬁd (E;)
dated, primarily focusing on reducing the size of the KB that must T A abitia, '
. . 2 L Ik az#biffa’ #b’. The interpretatiod is a model of an RBox
be considered as candidate query bindings. Thiectvely allows R (TBox T) if it satisfies all the axioms iR (respectivelyT). T is
a smaller subset of the KB to be considered for possible subscrip-a model ofA, denoted by k K, if it satisfies aI[I)the as)s/er.tions in
tion matches. The techniques we present are applicable to queries y ! . ;
- S K . . A. Lastly, 7 is a model oK, denoted by E K, iff 7 is a model of
with at least one distinguished variable (i.e., must be bound to a T R andA
named individual) and containing only simple roles (i.e., no transi- ,W’e also- introduce the following notation: denote Mod(K)
tive roles or super-roles of a transitive role). Further, the approach the set of all models fok Additic?nall ivén aSHT concept
supports the description log8H 7 (a large subset of OWL) with ’ Y. 9 P

the restriction the KB unfoldable (i.e., acyclic). Lastly, an evalu- 2See [13] for a precise definition of simple roles.

Table 1: lllustration of expressivity in OWL-based syndication.
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C, denote byDepth(C) the maximum modal depth f& (i.e., the number of time units that the subscription is valid). The subscrip-
maximum nesting depth of quantifiers). tion query can be thought of as a continuous conjunctive query that
Lastly, we provide a brief overview of conjunctive ABox queries should be evaluated until the expiration time. Therefore, the query
(query, for short) for description logics. A quefy consists of a is issued once over a changing ABox whose results set is contin-
conjunction of ABox assertions of the for@(a) or R(a, b) (see uously updated as the ABox changes. Intuitively, the answer set

[14] for a precise definition), in which variables can be used in of a continuous conjunctive ABox query at timés the set of all

place of individuals and are considered as existentially quantified variable bindings entailed by the KB at tihand can be seen as an

(the set of variable names, deno¥(D), is assumed to be distinct  extension of the definition of a conjunctive query presented earlier.

from the individual named,). Query answering is the task deter- o ) ) ) ]

mining if Qis a logical consequence of the K&(denoteK [ Q); Dgflnltlon 1. (Conpnuous Conjunctlye ABox Query) Define a

that is, determining if for all modelg of K, 7 £ Q. As query COHtIﬂyOUS COﬂjunCtIOI.'l ABox que). with respect to a DL KB

retrieval is addressed in this work, we briefly introduce the follow- (K at timet) such that it produces results at timelenotedQ (t),

ing notation (adopted from [14])XXa, ..., %) « Q indicates that &S follows:

the variablesq, ...x, appearing inQ must be bound to individual Qo (1) = (@1, .80} € 17, | Ki [ QclXe/81. ... Xo/ @]}

names, therefore constituting the answer to the query. These vari-

ables are referred to alistinguishedvariables, denote®V(Q).

The answer sebf a query(Xy, ..., X,) < Q w.rt. toK is the set

n-ary tuples defined by the following: Definition 2. (Subscription) A subscriptio8 is defined as a pair
@y, .nay) € 17 [ K E Q[Xe/ay, ... Xo/an]} (Qc,t), whereQ. is a continuous conjunctive ABox query that is

evaluated fot time units.
whereQ[ x/a] represents the quer), with all occurrences of vari-
ablex substituted by the individual nanae We note that if a query We denote the continuous query of a subscriptio$ ) and
can be partitioned into unconnected components (i.e., componentshe expiration time as(t). We now define aubscriberto be com-
that do not share variables), then they are considered independentlyPosed of a set of subscriptions and a unique identifier:

Without loss of generality, we assume queries are connected in the Definition 3. (Subscriber) A subscribesub is defined to be a

remainder of this work [7]. We additionally introduce the follow- S . o . . ) :
ing notation: given quen®, let Con(Q), RokQ) denote the set of pair (s,i), wheresis a set of subscriptions ands a unique identi-

Given this, asubscriptionis defined as follows:

concepts and roles i@ respectively. Lastly, given a quefy, with fier.
abuse of notation, we denote By pt(Q) the maximunDe pth(C) Denote a subscriber’s set of subscriptionsals(s), and its iden-
for all C € Con(Q). tifier asSub(i). Next, we define gublisherto be identified by a

unique identifier:

2.2 Tableau Algorithms

DL tableau-based algorithms decide the consistency of an ABox  Definition 4. (Publisher) A publishePub is defined as being
A with respect to a TBoX and RBoxR by trying to construct (an composed of and identified by a unique identifier
abstraction of) a common model fa¢ T, andR, called acomple-
tion graph[13]. Each node in the graph represents an individual
that is labeled with a set of concepts that it satisfies (in the par-
ticular model). Formally, a completion graph for an ABaxvith
respect tdr is a directed grapl® = (V. &, £, #). Each nodex € V
is labeled with a set of concep#(x), and each edge = (Xx,y)
with a _set_L(e) of |_'c_)le names. The blnary_FJN?d'Cat_e's used for Definition 5. (Publication) A publicatiorP is defined as a tuple
recording inequalities between nodes. This graph is constructed by((l, t, p), wherea is a set of DL ABox assertions that expire after

repeatedly applying a set of tableaxpansion rulesadding new  ime units, andp is the identifier of the publisher that produced the
concept labels and edges to the graph when necessary. This PrOpublication.

cess continues until the tableau is fully expanded and no additional

rules can be applied. A node, contains a clash if a contradiction Given a publicatior?, denote the set of ABox assertionsg),

exists in its label (e.gC, -C € L(x)) or between two nodes (equal-  the expiration time a®(t), etc. Intuitively, asyndication broker

ity andor inequality). It is noted that the tableau algorithm can maintains alocal KB, in which newly published information is inte-

be saturated such that all possible completions of a KB are found grated. Additionally, the syndication broker maintains the currently
(corresponding to all models). We lastly introduce the following registered subscribers (that have associated subscriptions) and pub-
notation: denote byyompK) the set of all complete, clash-free lishers. This is formally defined as follows:

completions oK (i.e., all models); additionally, given completion

Additionally, apublicationis defined to be composed of a set of
ABox assertions, the number of time units that the publication is
valid, and the identifier of the publisher that produced the informa-
tion; after the specified time units have passed, it is assumed that
the publication is discarded.

(corresponding to named individuals) and their labels, as well edgesfined as a tupleg, P, K,), whereS is a set of subscriber®, is a set

We denote a syndication broker’s subscriptions, publishers, and

3. SYNDICATION FRAMEWORK KB asB(S), B(P), andB(K)) respectively. After a new publication

In this section we formally define the DL-based syndication fram- is received, it is the broker’s task to determine the subscribers for
ework proposed in this work. As in typical syndication systems, we which this new infromation is relevant. Before defining subscrip-
assume syndication brokers deliver relevant information to the ap- tion matches, we define a genetipdate functiorthat takes a set
propriate subscription requests. Within this framework, a subscrip- of publications and integrates them into the broker's KB. Such a
tion is comprised of a conjunctive ABox (instance) query, which function is necessary for integrating newly published information
represents the subscribers interests, and an expiration time (i.e., thénto a DL KB.
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Definition 7. (Update Function) Define the update functiop Before defining a publication match, we present the notion of
datgK, P) to take as input a DL KK and a set of publications P minimal justificationsfor an entailment in DLs, which has been
and return a new consistent DL KB that is the result of updating  formally investigated in literature [15].

K with P(a), forall P < P. Definition 9. (Minimal Justification) [15] Let £ «, wherea

. L ) is a DL axiom anK a DL KB. A fragmentK’ C K is a minimal
Observe that this update function is generic, as there are manyjystification fore in K if K’ = o andK” I « for everyK” c K.

different ways to interpret the update. Such problems have beenpenge the set of minimal justifications fiire o asdust(K, ).
studied extensively in literature for updating logical KBs. We do
not impose a particular type of update semantics in the formaliza- Now we present the definition ofgublication matctwhich uti-
tion of the syndication framework; rather, we only enforce that the lizes minimal justifications to define to the publications responsible
update function result in a consistent KB. This is necessary becausefor an information match:
if the updated KB is inconsistent, then everything is trivially en-
tailed. In Section 4.1 we define a specific update function, referred
to assyntactic updates

Lastly, we define a match for a subscription request. As infor-
mation (documents) is published from multiple publishers and re- J = Just(B(Kt), S(Qc[X1/a1, -, Xa/an])})

mains valid in the broker’s local KB for varying time, amatch fora  pefine a set of publicatiorto be a publication match at broker

subscription can actually be a composition of the information from B for subscriptionS at timet if there existsj € J such that the
multiple publications; that is, the information provided in multi-  following holds:

ple publications collectively forms a match for the query. To the
authors’ knowledge, recent approaches have not investigated such
functionality; rather, only information from individually published
documents form a match for a given subscription. However, such
a capability is beneficial, as information can be considered collec-
tively and form matches not found otherwise.

We additionally distinguish between two types of subscription
matches, namelpformation matcheandpublication matchesAn
information match refers to the individuals bound to the (distin-
guished) variables of a continuous query representing a subscrip- S={S1}, P={P1,P3}
tion; that is, the result returned to the subscriber is actually the K, = { :movedToJunk, :onRecommendation, :RiskyCompjany
query answer rather than the publication(s) responsible for the an- ossyme subscribes; has registered the following subscription for
swer. Tr_us type of mat_ch all_gns with recent work in Xl\_/IL-_based all instances of the clagtiskyCompary
syndication literature, in which the actual information is filtered ]
and the query answers are returned to the user [16]. In contrast, a (RiskyCompany), «©) € Sy(s)
publication match refers to the collection of publications that sat- whereco indicates that the subscription does not expire. Addition-
isfy a subscription; that is, given an information match for a regis- ally assume thaP; publishes thaBOASellList (assumed to be
tered subscription, return all minimal sets of publications that cause an instance oBellLis) has a sell recommendation fébrd and
this match to occur; this aligns with the task of selective content- P, publishesMoodys movedFord credit to junk status. This is
based filtering of publications. It is clear that given an information formalized as follows:
ma_}fﬁh’ t_he_re ISa corresponding set of publication matches. . Pp, = ({ :BOASellList :hasRecommendatiorFard }, o0, 1)

e distinction between these two match types is made as addi- 1 P = ({ Moodvs -movedToJunk Ford >
tional computation is needed to derive all the minimal sets of pub- p, = ({ Moodys :movedToJunk Ford }, co, 2)
lications responsible for an information match. Further, the type whereco indicates that the publications do not expire. For ease of
of match required is application dependent; for example, in OWL- exposition, assume th&p, andPp, arrive at the broker at time 1
based syndication of news feeds, it is clear that publication matchesand 2 respectively, and that the update function expands the explicit
are needed. In contrast, in the financial domain, analysts are gen-ABox assertions in the broker's KB with those contained in the
erally interested with the actual information rather than the docu- publication (see Section 4.1 for further details). Wign arrives
ments themselves. If we consider our previous example involving at the brokerPp, (@) is integrated int®(K;), resulting in a updated
the concepRiskyCompanywe can observe that analysts are likely broker KBK'. Itis obvious that at this time the individubbrd will
to be more interested in the actual instanceRRizkyCompany not satisfy the subscription; therefore, there will not be a match
rather than the articles that discuss them; this is intuitive, as the for S; at time 1. However, wheRp, is published at time 2 and
actual query answer is the actionable information for their pur- integrated intd<’, there is a composite publication matét, , Pp, }
poses (e.g., stock trading). In this work, we address both of theseand an information matchord for the subscription (due to various
matches; however, our current evaluation focuses on information OWL inferences).
matches, leaving the remainder as future work. We now define an

information match 4., REASONING FOR SYNDICATION
o _ ] o As discussed earlier, the main limitation in the proposed syn-
Definition 8. (Infc_)rmatlon_ Match) Define a tuple of |nd|y|d_uals dication framework is related to DL reasoning through incremen-
(&, ..., an) to be an information match at brokBrfor subscription tal changes to the underlying KB. Therefore, the remainder of this

Definition 10. (Publication Match) Letay, ..., a,) be an infor-
mation match at brokerB for subscriptionS at timet. Let J be
the set of minimal justifications fdr.

YPeP(JacjracP(a))AVac j(IPePAacP(a))

We conclude this section with a brief example demonstrating a
composite match (both information and publication matches), and
the framework in general. Assume a syndication brakés com-
posed of one subscription and two publishers. Additionally, assume
that the broker’s local KB contains the axioms defined previously
in Table 1. The the broker is composed of the following:

S at timet, if and only if the following holds: paper addresses the two previously mentioned performance bottle-
. necks, namely consistency checking and query answering through
(g, ..., @) € B(Ig ) A B(Ky) = S(Qc[X1/ay, ..., Xn/an]) updates. Before addressing these issues, we present the update

function adopted for this work.
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4.1 Syntactic Updates

For the task of syndication, we propose an update function that
we refer to asyntactic updatesvhich supports syntactic changes
of KB assertions. Intuitively, syntactic updates can be described
as an update in which all new assertions are directly added (or re-
moved) to the asserted (base) axioms. For purpose of this work,
ABox assertions can take the form of individual equality (¢:§o-
rd owl:sameAsFordMotorCorp}) and inequality assertions (e.g.,
{:Moodys owl:differentFromSandP}), concept assertions (e.gE-
ord a :Company; note that complex concept assertions are possi-
ble as well), and role assertions (e{gFprd :downgradedBy
:Moodys}). Formally, this is described as follows:

Definition 11. (Syntactic Updates) L&t be the ABox of an ini-
tial KB K. Then, under syntactic updates, updatkgvith an
ABox addition (respectively deletiony, written asK + « (resp.
K — @), results in an updated ABoX such that\’ = AU {a} (resp.
A’ = A\ {a}). Denote byK & a the syntactic update & with «.

This type of update is fierent when compared to related work
in update semantics [18] and belief revision [6] for DLs; however,
it is clearly applicable to syndication applications. Further, there
have been negative results with respect to other candidate updat
semantics for DL KBs. In particular, [18] shows that the standard
(minimal change) model-based update semantics cannot be repre
sented in the DLs considered in this paper. [6] shows that many
DLs, including those considered here, cannot satisfy the rationality
postulates proposed in the AGM theory of belief revision.

It is clear that under syntactic updates, the resulting KB can
be inconsistent after an update; however, as required by Defini-
tion 7, the update function must result in a consistent KB. For
this work, we assume that if the resulting KB is inconsistent, then
the newly published information is rejected (i.e., removed from the
KB). While discarding the recent publication may not be the ideal
course of action in all syndication systems, addressing this issue
further is out of the scope of this paper. However, we plan to ad-
dress this issue in future work and provide some initial insights in
Section 6.

4.2 Incremental Consistency Checking

After newly published information is integrated in the broker’s
KB, consistency must be re-checked. As stated earlier, with large
ABoxes, checking consistency introduces substantial overhead. In
this case of syndication, this problem is compounded, as the bro-
ker's KB will become substantially large because the KB can con-
tain permanent domain knowledge, as well as publications that re-
main valid for substantial time periods.

To address this issue, we have recently investigated incremen-
tal consistency checking in OWL KBs. In particular, in [12] we
present an approach for incrementally updating tableau comple-
tion graphs under syntactic ABox updates in the description logics
SHIQ and SHOQ [12], which encompass the portion of OWL-
DL addressed later in this work. In [12] the update algorithm adds
new (removes existing for deletions) components (edge, nodes, or
labels) introduced by the update to a (cached) completion graph
from the consistency check prior to the update; after this, standard
tableau completion rules are re-fired to ensure that the model is
complete. Therefore, the completion graph built prior to the up-
date (e.g., during the initial consistency check) is cached and up-
dated such that if a model exists (i.e, the KB is consistent after the
update), a new completion graph will be found. It was observed
that updates did not have a larg@et on the existing completion
graph; therefore, orders of magnitude performance improvements
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are achieved. Due to space limitations, further details regarding the
approach are omitted here; however, they can be found in [12].

4.3 Continuous Query Answering

After guaranteeing consistency of an updated KB, the various
subscriptions registered with the broker can be (re)evaluated. In
the remainder of this section, we present an approach for nfibre e
cient continuous query answering for a subset of OWL-DL, specifi-
cally unfoldableSH 7. Two restrictions are imposed on the queries
supported in the approach, namely that only simple roles (i.e., no
transitive roles or super-roles of a transitive role) can be used in the
query, and the query must contain at least one distinguished vari-
able (note that more frequently in realistic scenarios, queries con-
tain some number of distinguished variables). These restrictions
enable the techniques presented in the following sections; further
query answering in the presence of transitive roles is a relatively
open problem (however, see [7]). In the following sections we as-
sume that all concepts are in negation normal form (i.e., negation
only occurs in front of concept names), and all concepts are fully
unfolded such that they are composed of only primitive (base) con-
cepts [3].

Before discussing the overall goal of the approach, we make a
ew simplistic observations: by monotonicity 8fH7 (and OWL-

L in general), continuous query answering in the event of ABox
additions reduces to determining any new bindings that are entailed
by the KB, whereas handling deletions reduces to guaranteeing that
previous bindings are still entailed.

4.3.1 Localizing Effects of Updates

When querying very large ABoxes, one of the main problems is
that a large number of individuals in the KB must be considered
as potential variable bindings. However, we propose that under
the types of updates considered in this work, the candidate query
bindings can be drastically pruned. A key insight is demonstrated
if we consider a simple query such & « Companyx). Intu-
itively, in the event an update is an addition, we would only like to
consider &ected named individuals not previously boundxtas
potential new bindings (i.e., answers); in contrast if the update is a
deletion, only individuals previously bound ¥that were &ected
by the update need to be re-checked. Therefore, the main goal of
the approach presented here is to localize the named individuals in
the KB that are fiected by the update in such a way that they may
impact the previous query results.

Before discussing this further, we define the notioexgblicitly
affected individualswhich intuitively are the individuals manipu-
lated during the incremental update of all completions for a KB.

Definition 12. (Explicitly Affected Individuals): GiveSH I KB
K and ABox updater, define the explicitly fiected individuals, de-
notedEI(K, @), to be the set of all named individuase I U |,
such that either:

1. ael,

2. during the incremental update of sofdee ComgdK) with «
(using the approach presented in Section 42gs some la-
bel change, or outgoiriggoing edge that is addgdmoved
or has a label change
(a) ifthe update introduces non-deterministic choices, each
completion is saturated.

Additionally, we introduce the notion ofraot pathbetween two
individuals:

Definition 13. (Root Path): Let there be a root path of length
D between two nodeg andy of a completion graph if they are
reachable by at mof edge traversals where:
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1. edge direction is ignored

2. successive traversal of edges labeled with non-simple roles
is only counted once

3. if there exists more than one label for an edge, one of which
is not a simple role, then the non-simple edge is traversed
and condition 2 is assumed

We now define the general notionafected individualadopted
for the purpose of this work; given these individuals, we show that
all new (resp. invalidated) bindings for a query can be found.

Definition 14. (Affected Individuals): Givel8H I KB K, con-
junctive queryQ, and ABox updater, define an individuah to be
in the set of &ected individuals, denotedll (K, ), if either:

1. acEl(K, @)

2. (a) @ an addition: for somé € EI(K, ) there is a root
path of at most lengtiDe pth(Q) betweena andb in
someG € ComfK & «)

(b) a a deletion: for somé € EI(K, @) there is a root path
of at most lengthDe pth(Q) betweena andb in some
G € ComfK)

It can be shown that for there to be a new (resp. invalidated)
binding after an update, at least one named individual in the binding
must be iNAI(K, a).

ProposiTion 1. Let K be aSHI KB, Q a conjunctive query,
and o an ABox update. IK £ Q[Xi/ay, ..., Xn/an] andK & a E
QlX1/84, ..., Xn/n] (resp. K E Q[x1/ay, ..., Xn/8n] and K & a
Q[x1/ay, ..., Xn/aq]), then there exists some named individuat b
Ik Ul, thatis bound to someq V(Q) such that b= Al(K, @).

Proposition 1 is intuitive as it states that for there to be a new
(resp. invalidated) binding, then there must exist some individual
in that binding that either is directhfi@cted by the update in some
completion graph or is in thproximity of some other individual
that was directly fiected. We are able to show that the notion of
proximity introduced in Proposition 1 (conditions 2 and 3) iffisu
cient (observe that currently we do not take into account the struc-
ture of the concepts in the query; however, we plan to address this in
future work). More importantly, Proposition 1 implies that in order
to find the d@ected individuals, one can update @lle ComgK)
and gather the individuals that satisfy the properties provided.

It is clear, however, that incrementally maintaining all comple-
tion graphs for a given KB is not practical; further in the presence
of a reasonable degree of non-determinism in a KB, saturating the
tableau is a very expensive process. To avoid performing a full sat-
uration of the initial KB, we propose building a structure that we
refer to as aummary root graph

Definition 15. (Summary Root Graph): L& be the completion
graph built forSH I KB K by applying all tableau expansion rules
to K as normal, however with the following modifications:

1. if a non-deterministic choice is encountered, add all labels in

the disjunction to the node without creating a new branch

2. ifaclash is encountered, it is ignored
Define the summary root graf8s asSg = Root$G)

Observe that condition 2 is required, as adding all labels from a
disjunction can obviously introduce clashes; also note that only the
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that if a root node or edge between root nodes has a label in some
completion graph corresponding to a model for the KB, then that
label will be in the label set for that individual in the summary
root graph. The aim behind the approach is to use this structure
to localize an overestimate of the explicitlffected individuals; an
overestimate is acceptable as, in the end, we are trying to find only
candidatedistinguished variable bindings.

Using the summary root graph, an overestimateS(K, @) can
be provided; we first note that in the case of ABiedetions we
propose using axiom tracing [2, 15, 12] during the application of
expansion rules,fectively tracking the asserted axioms responsi-
ble for changes to the summary root graph. We also note that there
is a small modification when checking if the expansion rules can be
applied to a node (to guarantee completeness). Specifically, node
labels are marked when they have had a completion rule applied to
them during the overestimate procedure; if the label is not marked,
then the expansion rule is applied. Details are omitted here, how-
ever they can be found in Table 2 of [10].

Definition 16. (Overestimate of Explicitly Aected Individuals):
Let Sg be the summary root graph féiH 7 KB K anda an ABox
update. Define the overestimate of explicitljezted individuals,
denotecEls; (K, @), to be defined by the following procedure:

1. (a) @ an addition: add the structure introduced by the up-

date toSg (as in [12]) and apply the tableau expansion
rules toall labels of individuals< of Sg such tha € |,

(b) a a deletion: remove all structures frog solely de-
pendent on the deleted assertion (determined as in [12])
and apply the expansion rules to all individualsd
their neighbors if the node wadtacted by the initial
retraction of structures dependent®n

2. apply the expansion rules &l labels of individuals (named
or un-named) reached by subsequent rule firings

3. use the modifications to the tableau expansion rules in Defi-
nition 15 and Table 2 of [10]
Els. (K, @) is then composed of all root nodes that are reached dur-
ing the application of expansion rules, have a label change, or are
adjacent to an edge or edge label that changed.

Note that after the application of expansion rules finishes, itis as-
sumed that un-named nodes and their edges are discarded from the
summary root graph (which has therefore been updated). Addition-
ally, when the summary root graph is updated during an addition,
axioms traces are updated using the same approach as in [12]. It
can be shown that after the update, the overestimate of the explic-
itly affected individuals satisfies the following property:

Prorosirion 2. Given aSHI KB K, ABox updater and sum-
mary root graph g for K, then the approach for finding EJ(K, @)
is terminating and E(K, @) C Els, (K, @).

Proposition 2 implies that we can uSg to locate a superset of
the dfected individuals (defined below).

Definition 17. (Overestimate of Aected Individuals): LeK be
aSHI KB, Q a conjunctive quengg the summary root graph for
K, @ an ABox update and\Ip(K, @) the set of individuals reach-
able by a root path of lengtbe ptQ) from somea € Els; (K, @)
according to properties 2a and 2b of Definition 1. Define the over-
estimate of fiected individuals, denotefllo(K, @), asAlo(K, @) =

structure for root nodes and their edges is kept to reduce memoryE|Sc(K’a) U Alp(K, @).

overhead. It can be seen that the summary root graph does not Discussion.lt is clear that there are possible limitations to the
correspond to a model of the KB; however, the approach guaranteescurrent approach for determining the overestimate of individuals
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affected by updates. In particular, if the approach produces an over- It is clear that the previous technique does not leverage the ac-
estimate that is too large, the value of the approach may degradetual structure of the query (i.e., concepts and roles in the query);
(note that in the worse case, the number of individuals one would therefore, we now introduce a morextive approach that exploits
have to check is the same as in the non-incremental case). Howeversuch information, but also introduces additional overhead. Due to
our initial results indicate that the approach is extremdlgative. space limitations, the approach is only presented for additions (see
An additional limitation of the approach is the memory overhead [10] for a discussion regarding deletions); it is also noted that in
imposed by maintaining the summary root graph, which is clearly typical syndication systems, updates are much more frequently ad-
a trade-df in the approach. One last issue is related to the applica- ditions. We first point out that it has previously been shown that
tion of expansion rules on the summary root grapth respect to a conjunctive query can be answered by syntacticgatyppingthe

the update We point out here that in the worst case this could im- query into all completion graphs for the KB [20]. More specif-
pose overhead that is not practical for the performance demands ofically for the DL SHIQ (also applicable taSHT), [20] shows
some syndication applications; however, our initial results demon- that given a completion graph and a quenQ, the query can be
strate that this is not the case. This is because the expansion rulesnapped intds, denotedQ — G. If the query can be mapped into
are applied with respect to only the update and not the entire KB. all completions, then the KB satisfies the query. It can be seen that
This is actually quite intuitive, as one would expect for updates such a mapping is usable when of taking into account the query
to only afect a small portion of the KB. Further, if we consider impact under additions. We note, however, that such a mapping
syndication of news feeds for example, one would expect updatesintroduces overhead, as it requires that the KB must be extended
to be generally focused on a small number of individuals. This with T C C L ~C for each concep€ € Con(Q). In order to further

is clearly evident in the financial domain; for example, the Dow reduce the new candidate bindings, each individuahip(K, @)
Jones Newswires disseminates on average 10,000 news feeds pearan be iteratively substituted into variables in the query; neighbor
day?, which are typically terse and focused on specific companies, nodes in the updated completion graph can then be inspected to see

industries, etc. if they can be mapped into the remaining nodes (via roles whose
. . labels match the query graph) in the query graph (note that distin-
4.3.2 Query Impact on Candidate Individuals guished variables in the query graph are mapped into nodes corre-

When a query contains roles and more complex query patterns,sponding to named individuals). If there does not exist a mapping
considering only directlyfected individuals as potential new bind-  in which a given named individual can be mapped into a particu-

ings (resp. invalidated bindings for deletions) will noffsee. For lar distinguished variable, then this individual does not need to be
example, consider the following query for all companies that have considered in the candidate distinguished variable set for this vari-
sell recommendationsx,y) « onRecommendatiorfy) A Com- able; this is because we have just found a completion graph (i.e.,
panyf) A SellList(y). Also assume that there is an ABox addition model) in which the query cannot be mapped [20]. However, if a

thatFord is aCompanyand that after the updata)o (K, @) only in- named individual can be mapped into a distinguished variable, then

cludesFord. Itis clear we cannot simply considesrd as the only we must consider this individual as a candidate binding.
candidate binding for the variables in the query, as there could ex-
ist any number of individuals (i.e., instancesS#lILis) related to
Ford by anonRecommendatiawle. Therefore, it can be observed
that the query structufghape impacts thetected individuals that
must be considered as bindings for distinguished variables; we re-
fer to this as thejuery impact Aqi(X) ={alae Alo(K, @) A Q = xq GJU
We now introduce a technique for determining the query impact {albe Alg(K, @) A Q = aycb G}
on the dfected individuals, which is a straightforward approach that
induces very little overhead. The key insight is that for a new query
binding to be entailed (or invalidated in the case of deletions) under
syntactic ABox updates i§H 7, at least one named individual that

is bound to somet € V(Q) must be inAlo(K, @). This, along with 4.3.3 Continuous Query Answering Algorithm

;?r?\f?gtfcflgit tlrrf ?ilézr%/hlztas}\s/zwgi tg d%?ti(i) Onngegftg atratlcol:]::unirc:rly We now describe the algorithm for answering continuous ABox
acfon the c,Jri iFr)1aI ﬁectedgindividuals can beptaker; intocllccgunt queries. Similar to the discussion presented above, the algorithm

P 9 is presented in terms of a single query. Note that the algorithm

by also considering all named individuals in the updated comple- .- - . L
tion graph (discussed in Section 4.2) that are reachable from Someutlllzes a combination of both techniques for taking into account

. o -~ query impact. Itis assumed the KB is first preprocessed such that
a e Alp(K, ) by at mostn edge tra_versals (with the dlret_:tlon 9 for eachC Con(Qy), an axiomT C C Li -C is added to the KB;
nored), wheren is the longest path in the guery graph. Given this, this is necessary only in the cached completion graph for consis-
under additions only the various combinations of individuals in this

L - tency checking and not in the summary root graph. Additionally,
e_xpanded STEt _offfected _|nc_i|V|dl_JaIs need_ to be con_5|d_ered as POs- i is assumed the summary root graph is created at startup and that
sible new bindings for distinguished variables. A similar approach

. ; - theinitial set of answers fdQ. is previously determined.
can be used to take into account the query impact under deletions, Algorithm 1 presents the main continuous query answering al-

however the original completion graph (prior to its update) must gorithm. The approach first locates th@eated individuals; this

tbuergssigrgrt:]heecsoe;rﬁ:t?;nde?;mhe)” ?re]li:gncsaggnorf'eoﬂ?gt?osntsru%ne is denoted bylocalize effect{Sg, @) and takes as input an initial
then needs to re-chpeck ang F?evi.ous binding that contains ’Somesummary root grapBe and updater and is assumed to both up-
yp 9 dateSg and return the fected individuals. Additionally, the ex-

individual in the expanded set offacted individuals. Denote by N ) . -
. S tended set of fected individuals is found using the first approach
queryimpac(Alo(K, ), Q) the extended set oftizcted individu- for query impact. If the update is an additi%n, the sefrc)n‘ can-

als under this approach for taking into account the query impact. ;10 distinguished variable bindings (determined using Defini-
3Source: httg/www.djnewswires.corugdjtotalcoverageinfo.htm tion 18) is iterated over and checked for entailment. It is assumed

Definition 18. (Query Impact on Candidate Bindings): Lébe
aSHI KB, Q a conjunctive queryy an ABox addition ands €
CompKaa). Define the set of candidate bindings for distinguished
variablex under query impact, denoté, (x), as follows:

whereQ <., G denotes a mapping @ into G with the re-
striction that the distinguished variabtemust be mapped into the
named individuah in the completion graph.
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that standard techniques for query answering are used (e.g., seeontaining 16,283 individuals and 78,094 assertions. The follow-
[14]). If the update is a deletion, each tuple in the previous an- ing three queries were used in the evaluation (LUBM queries 1, 3,
swer set is iterated over; tuples that do not contain some individual and 13 respectively):

in queryimpaci(Alo(K, ), Q) are still valid, as the update did not

affect any of the bound individuals. Otherwise, the tuples are re- (X)«GraduateStudeng(AtakesCourse(GraduateCourse®)

checked for entailment.

ProposiTion 3. Algorithm 1 is sound, complete, and terminat-
ing.

Algorithm 1 updatequeryresultgK, Sg, Q.. R, @)

Input:

K: initial KB

Se: summary root graph fak

Qc: continuous conjunctive query

R: set of all current bindings (answer set)
a: ABox update

Output:

K: updated KB
Sc: updated summary root graph
R: updated bindings (answer set)

NNNNNRRRRRRRRRE
WNRPOOONDURAWNROOINDURWNE

K« Keoa

. if Kis not consistenthen

K « Retracta from K

return K, Sg, R
end if
Alo(K, @) « localize effect4Sg, @)
Qls « queryimpac(Alo(K, @), Q)

. if ais an additiorthen

for all a; € Agi(Xy), ..., an € Agi(X) S.t. x e DV(Q.) do
if KE Qc[Xi/a, ..., Xn/an] then
R« RU{(a, ..., an)}
end if
end for

. else ifa is an deletiorthen

forall (a,...,a,) € Rdo
if Qls N{ay,...,a,} = 0then
continue
else ifK £ Qc[X1/ay, ..., Xn/an] then
R — R\ {<a17 wee an>}
end if
end for

s endif
s return K, Sg, R

5.

We have implemented the basic functionality of the framework
defined in Section 3 and the algorithm presented in Section 4. In the
current implementation, publishers can register and publish infor-
mation (currently all information remains indefinitely valid). Ad-
ditionally, subscribers can register subscriptions in the form of con-
tinuous conjunctive queries that can remain valid for varying amount:
of time. In the evaluation, we have focused on information matches
as the technical contributions of this work mainly address scalabil-
ity issues with respect to this problem. Further evaluation of publi-

EMPIRICAL RESULTS

cation matches is left as future work.

We have performed an emperical evaluation using the Lehigh
University Benchmark (LUBM) [8] §H I expressivity), as it pro-
vides a large ABox, therefore simulating a broker with large num-
bers of persistent publications; additionally, it supplies queries with
similar complexity as those used in the examples throughout this
It should be noted that 8 OWL equivalent class axioms
were changed to subclass axioms, so that the KB was unfoldable.

paper.

(Xy«Publicationk) ApublicationAuthorg,AssistantProfessor®)
(X)y—Personf)AhasAlumnugfniversity0,x)

In the evaluation, the queries were run over the KB, which was
updated with a collection of ABox assertions, simulating newly
published information; updates were randomly selected individual
type (atomic) anfbr role assertions, as this aligns with the types of
updates one would expect in syndication systems. Each published
document was indefinitely valid. To ensure that some of the up-
dates &ected the query results (i.e., subscriptions), there was a 50-
percent probability that the update referred to one of the individu-
als bound to a distinguished variable; therefore, approximately half
of the selected updates actuallffezted the subscriptions. Tests
were performed for each update type (additions and deletions) us-
ing varying update sizes; namely 1, 5, 10, 15, and 25 assertions.
Each test was performed 25 times, and the results were averaged.
Lastly, the experiments were performed using a 1.5 GHz processor
with 1 GB of memory.

In the evaluation, two versions of the DL reasoner Péligere
used; a regular version of the reasoner and an optimized reasoner
that used the techniques presented in this paper. In the regular ver-
sion of the reasoner, the standard query answering algorithm was
performed after each update. Additionally, the KAGN2WL-DL
reasoner was used in the evaluation. KAON2 reduces OWL KBs
to disjunctive datalog and is optimized for query answering. Addi-
tionally, KAON2 was used as it provides functionality to add and
remove assertions and re-run queries after a KB has been updated
(note that it is unclear whether KAON2 currently performs view
maintenance). Therefore, using this as a comparison, we aimed
to provide interesting insights into tableau-based algorithms for
OWL-based syndication purposes when compared to other possi-
ble approaches.

Results for continuous query answering for the various LUBM
queries are presented in Figure 1. Note that the optimized ver-
sion of Pellet is denoted as “Pellet-C”, and the “0” update size
value represents the time to run the initial query prior to perform-
ing an update (this includes the start-up cost for the continuous
query answering approach). In all three queries, the initial query
answering time (prior to any update) in the regular version of Pellet
was slightly better than the optimized version. This is due to the
overhead introduced by the generation of the summary root graph;
specifically, the average time to build the summary root graph was
2.7 seconds (on average 500 milliseconds larger than the initial con-
sistency check). We note that there is little overhead because of the

Small amount non-determinism in LUBM (primarily due to mak-

ing the KB unfoldable). For exposition, we investigated the time to
build the summary root graph for the original version of LUBM,
which contains a large amount of non-determinism. It was ob-
served that the average time to build the summary root graph took
approximately 26.1 seconds. This demonstrates the expected im-
pact of a substantial amount of non-determinism on the approach;
while this introduces overhead, we argue that this is acceptable, as
it is only performed once at startup. Further, the generation of the
summary root graph was far moréieient than the alternative of
saturating the initial KB, as this would not terminate.

Three queries from LUBM were selected as sample subscriptions *Pellet project homepage: httvww.mindswap.or2003pellet
and continuously run over a dataset comprised of one university, S’KAON2 project homepage: httjgkaon2.semanticweb.qrg
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Figure 1: Continuous query answering for LUBM queries. Times (log.) in milliseconds along Y-axis. Update size along X-axis.

For both update types, approximately one to three orders of mag-6. DISCUSSION AND FUTURE WORK

nitude performance improvements are achieved over the regular - Qur preliminary results demonstrate that the matching approach
version of Pellet by using the optimized matching algorithm as presented in this paper can scale to a few hundred subscriptions un-
updates are received. This is due to the incremental consistencyger publish frequencies similar to that of the Dow Jones Newswire
checking approach and the reduction of candidate variable bind- (i.e., 10,000 per day approximately 7 per minute). While this may
ings. In the evaluation we observed that in all queries, the averagepe gn acceptable workload for a wide range of syndication appli-
incremental consistency checking time was approximately 7 mil- cations (e.g., filtering financial news feeds within small to medium
liseconds, where the normal consistency checking time in Pellet jnyestment banks), for larger scale applications, additional research
was approximately 2,200 milliseconds. This illustrates the utility of js necessary. One direction that we plan to investigate is leveraging
the incremental consistency checking approach for the purpose ofipe overlap antr subsumption between registered subscriptions.
syndication. Additionally, in the three queries the actual query an- Additionally, we plan to investigate distributed OWL-based syndi-
swering time (excluding consistency checking) for the regular ver- cation frameworks (i.e., more than one broker), as this will provide
sion of Pellet was on average between 500 to 1,000 milliseconds. jhcreased scalability.
In contrast, using the optimizations presented in this work, the av- | this paper, we have primarily addressed providing a more
erage query answering time (excluding consistency checking) waspractical approach for finding information matches in OWL-based
approximately 33 milliseconds; this demonstrates fhecéiveness  syndication systems. As mentioned earlier, there has been exten-
in the reduction of in the number of candidate variable bindings.  sjye work on finding minimal justifications in OWL KBs [15]. Us-
With regard to the individual techniques, the evaluation demon- ing such an approach, it is easy to extend information matches to
strated the following: given an update of size 1, the average time pyplication matches. Further, initial results presented in [15] for
to apply the completion rules to the updated summary root graph finding justifications demonstrates that such an approach may be
and localize the féiected individuals took approximately 0.23 mil-  practical. In future work, we will explore the usage of these tech-
liseconds. This clearly confirmed our hypothesis that the expan- niques for extending our current work.
sion rules would be applied to only a very small portion of the  \ve also feel that there is substantial room extending the current
summary root graph. Even more promising was that the number yeasoning approaches. This includes developing additional opti-
of affected individuals was proportional to the number of individu-  mizations for reasoning through changing KBs, as well as extend-
als referenced in the update; in particular, for updates of size 1, 0ning the current techniques to a larger portion of OWL; in particular,
average, only 11.144 individuals arffexted, amounting to only e feel it is certainly possible to lift the restriction that the KB
.068-percent of the entire KB (for increased update size, the num-pe ynfoldable, and we will address this in future work. Addition-
ber of dfected individuals scaled proportionally to the number of )y while our initial results demonstrate that the overhead of the
individuals referenced in the update). This demonstratesadramatiCadvanced form of query impact is acceptable, we plan to further
reduction in the number of individuals that needed to be considered investigate the tradéks between the two variants presented here.
after each update and shows that the overestimation approach may | astly, in real world domains, it is often the case that conflict-
be usable in practice. Additionally, it can be seen that the opti- jng information is disseminated. Depending on the ontologies used
mized version of Pellet outperforms, or performs nearly as well as, within such a syndication framework, this could lead to inconsis-

KAONZ in all cases. Even more promising is that in query 13, tencies. Currently, we are working on developing revision tech-
Pellet outperforms KAON2 by almost an order of magnitude.
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niques for OWL-DL KBs and hope to apply sucficts to resolv- [4] Y. Diao, S. Rizvi, and M. Franklin. Towards an internet-scale
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