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PART 1: Previous Research of numerous programme committees, e.g., ISWC 2003-2006,

The project will be jointly undertaken by the University o CAI 2006, WWW 2003, AAAI 2006, and AIML 2004.

Manchester and the University of Liverpool. The team merhrank Wolter is a Professor of Logic and Computation.
bers from both institutions are world leaders in their owre has been conducting advanced research in computational
fields and have, between them, the range of complementagic and its applications to knowledge representation and
expertise that will be necessary for the successful completf@asoning for more than ten years. He is co-author of the
of the project. The project will build on a number of colresearch monograph “Many-dimensional modal logics: the-
laborations already established by members of the team. €% and applications”, Elsevier 2003 and co-editor of the
example,Sattler and Wolter have been jointly working on Handbook of Modal Logic, Elsevier, 2006. He was an in-
the relation between first-order and description logics (DL¢}ed speaker at CADE 2005, has served on many programme
and DLs for describing actions and services [21, PJor- committees, including KR 2002-2006, AiML 2002-2006, 13-
rocks, Sattler, andWolter are working together on the Dy-CAR 2005, ECAI 2006, and is member of the steering com-
namO project (GR/S63168/01) investigating logics for the dettees of DL, FroCoS and AiML. Wolter has been a principal
scription of services and related reasoning problems, and tiigstigator of two DFG (Germany) projects on combining
have jointly organised international events such as the Interi@@dal and description logics (WO 583/3-(1-3)) and is prin-
tional Description Logic Workshop 2008onev andWolter ~ cipal investigator of the EPSRC projects “Knowledge Rep-
are working on the algorithmic properties of expressive tefigsentation and Reasoning about Distances” (GR/S63182/01)
poral logics and logics for dynamical systems [17, 19@r- and DynamO. Of particular importance for this project are his
rocks andSattler have designed expressive DLs and practicegcent publications on composing logics using E-connections
ble reasoning algorithms, and have worked on their usagd2§ and on conservative extensions [5, 6, 23]. He is also an
logical underpinning for ontology languages [12, 13, 11]. @ivited speaker at the first International Workshop on Modular
particular interest for this project is their joint recent work o@ntologies, Athens, USA, 2006.

modularity of DLs [3, 7]. Parsia, Horrocks andSattler are jan Horrocks is a Professor in the School of Computer Sci-
working together on further developments of OWL, namebhce. His FaCT system revolutionised the design of DL sys-
OWL 1.1, and on related reasoning problems and tools [8]tems, redefining the notion of tractability for DLs and es-
Ulrike Sattler is a Reader in the Information Managemernablishing a new standard for DL implementations. He won
Group. She has worked in the field of knowledge repriie best paper awarcgit KR'98 [10], and has given invited
sentation and reasoning since 1994 [14, 13]. Most of hatks about his work at research labs, universities and confer-
work on practical inference algorithms was carried out ineances around the world. He is/has been a member of the pro-
productive co-operation with lan Horrocks. An outcome gframme committees of numerous international conferences
this line of research was the design of t§g/7Q family and journals including AAAI, CADE, IJCAI, IJCAR, ISWC,

of DLs: these are DLs that form the logical basis of ontokR, WWW, JAIR, ETAI and the Journal on Web Semantics.
ogy languages such as OIL, DAML+OIL, and OWL [1]. BeHe was the program chair of the 2002 International Seman-
sides this “applied” research, she is interested in the comfin-Web Conference, the 2002 Description Logic Workshop,
tational complexity of inference problems underlying the syand the Semantic Web track of the 2003 World Wide Web
tem services of knowledge representation systems. She is@asference. He is/has been involved in numerous national
been involved in several national and international reseagnid international research projects including DynamO, REOL
projects, including DynamO, Extending Expressive DescrifEP/C537211/1), LOGO (EP/C543319/1), CO-ODE (JISC),
tion Logics (GR/S87171/01), DWQ (Esprit LTR-22469), andyOntUse (GR/S44686/01), myGrid (GR/R67743/01), Rea-
TONES (IST-007603-2), and was a DAAD fellow. She wasoning About Conjunctive Query Containment Under Con-
a member of the editorial board of JAIR, is a corner editor efraints (GR/R00340/01), Camelot (GR/L54516/01), TONES
JLC, a member of the DL Steering Committee, and a memi§iST-007603-2), Knowledge Web (IST-2004-507482), On-
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toWeb (IST-2000-25056), and DWQ (Esprit LTR-22469),[3] B. Cuenca Grau, |. Horrocks, O. Kutz, and U. Sattler. Will my
was a consultant to the DARPA DAML program, and was  ontologies fit together? IRroc. of DL CEUR, 2006.

the coordinator of the EU IST WonderWeb project (IST-2001{4] A. Degtyarev, M. Fisher, and B. Konev. Monodic temporal
33052). He is/was a member of the Joint EU/US Committee  resolution. ACM Transactions on Computational Logi1),
on Agent Markup Languages, the W3C Web Ontology Lan- 2006. i

guage working group and the W3C Rule Interchange Formzﬁ ] S. Ghilardi, C. Lutz, and F. Wolter. Did | damage my ontol-

working aroun. and was a prime mover in and editor of the ogy? A case for conservative extensions in description logic.
g group, P In Proc. of KR AAAI Press, 2006.

OIL, DAML+QIL' and OWL ontology language standard;. In 6] S. Ghilardi, C. Lutz, F. Wolter, and M. Zakharyaschev. Conser-
2005 he received the BCS Roger Needham award for his con-  4tive extensions in modal logics. Rroc. of AIML 6 College

tribution to the “formal foundations for ontology languages  pyblications, 2006.

and the semantic web”, and was also awarded an EPSRC $& B. Cuenca Grau, I. Horrocks, Y. Kazakov, and U. Sattler. A
nior Research Fellowship. logic-based framework for ontology modularity. Rroc. of
Boris Konev is a Lecturer in the Department of Computer  [JCAIL AAAI Press, 2007. To appear.

Science. He has been working on complexity of proofs ané! B.Cuenca Grau, I. Horrocks, B. Parsia, P. PateI—Schn_eider, and
decision procedures, the development of resolution proce- u. Satjtler. .Next steps for OWL. IRroc. of OWL: Experiences
dures for temporal logics [4], the development of implemen- and Directions 2006.

. . - . 9] B. Cuenca Grau, B. Parsia, E. Sirin, and A. Kalyanpur. Modu-
tation techniques for non-classical resolution [18], and thé larity and web ontologies. IRroc. of KR AAAI Press, 2006.

application of the developed tools to verification problem 0] I. Horrocks. Using an expressive description logic: FaCT or
Konev served as a PC member for a number of international” fistion? InProc. of KR Morgan Kaufmann, 1998.
events including TIME’07, JELIAQ6, IWIL (since 2003) and[11] I. Horrocks, O. Kutz, and U. Sattler. The even more irresistible
as a special issue editor of JANCL. SROIQ. InProc. of KR AAAI Press, 2006.
Bijan Parsia is a Lecturer in the Information Managemenil2] I. Horrocks and U. Sattler. Decidability of#{ 1Q with com-
Group. In his prior position at the University of Maryland, plex role inclusion axiomsAtrtificial Intelligence Journal120,
College Park, he led the development of a new generation 2004. N
of ontology engineering tools including the OWL ontolog)LB] I. Horrocks and U. Sattler. A tablt_aau decision procedure for
editor Swoop. He has developed practical debugging ser-. S7/01Q J. of Automated Reasoning006. To appear.

. . h §14] I. Horrocks, U. Sattler, and S. Tobies. Practical reasoning
vices for expressive ontology languages by extending tradi

. . ) - . . " for expressive description logics. Proc. of LPAR LNAI.
tional “axiom pinpointing” services to thé # 1Q family of Springper Verlag, 1999? g R

DLs, developing new services [16], integrating these servicag] A. Kalyanpur, B. Parsia, E. Sirin, and B. Cuenca Grau. Re-
with Swoop [15], and formally evaluating their usability. He  pairing unsatisfiable concepts in OWL ontologies Pioc. of
was ontology editor for the Journal of Web Semantics (2005- ESWG LNCS. Springer Verlag, 2006.

2006), and a member of many programme committees, e[@6] A. Kalyanpur, B. Parsia, E. Sirin, and J. A. Hendler. Debug-
ISWC 2004-2006, AAAI 2006, and IJCAI 2007. Of partic- ging unsatisfiable classes in OWL ontologiek. of Web Se-
ular interest for this project is his recent work on modular  Mantics 3, 2005.

ontologies [9]. [17] B. Koneyv, F. Wolter, and M. Zakharyaschev. Temporal log-
Dirk Walther is the named Research Assistant to be funded ssr;\éerztéggsmve states. roc. of CADE LNAI. Springer

by the project at Liverpool. He is currently a PhD student's 1] B. Konev, A. Degtyarev, C. Dixon, M. Fisher, and U. Hustad.
perV_'SEd by Professqrs Frank _WOIter a_nd _Mlchae_l WOOId”d e Mechanising first-order temporal resolutiomformation and

at Liverpool University and will submit his thesis in March  computation 199, 2005.

2007. He has published a number of high quality papers 9] B. Konev, R. Kontchakov, F. Wolter, and M. Zakharyaschev.
the complexity of temporal logics [24, 22]. Of particular in- On dynamic topological and metric logicsStudia Logica
terest for this project is his joint work with/olter on conser- 2006. To appear.

vative extensions in expressive DLs [23]. [20] O. Kutz, C. Lutz, F. Wolter, and M. Zakharyaschev. E-
The Team. It can thus be seen that the Investigators (and connections of abstract description systendstificial Intel-
named RA) form a very strong and balanced team. Th@/ ligence 156, 20?4' d | dal logics and the two.
have done groundbreaking theoretical and practical work |n1] C. Lutz, U. Sattler, and F. Wolter. Modal logics and the two

. . variable fragment. IProc. of CSI.LNCS. Springer Verlag,
knowledge representation, automated reasoning, computa- 2001 ¢ - pring g

tional logic, and ontologies. This highly productive assocj»o) ¢, Lutz, D. Walther, and F. Wolter. Quantitative temporal log-
ation will be continued and developed during the proposed " jcs: psace and below. J. of Information and Computation
ambitious research. 2006. To appear.
[23] C. Lutz, D. Walther, and F. Wolter. Conservative extensions in
expressive description logics. Rroc. of IJCAI AAAI Press,
2007. To appear.
References [24] D. Walther,p(g. Lutz, F. Wolter, and M. Wooldridge. ATL satis-
fiability is indeed Exptime-completel. of Logic and Compu-

[1] F. Baader, I. Horrocks, and U. Sattler. Description logics as on- tation, 2006. To appear.

tology languages for the semantic web.Mechanizing Math-
ematical ReasonindNAI. Springer Verlag, 2005.

[2] F. Baader, C. Lutz, M. Milicic, U. Sattler, and F. Wolter. Inte-
grating description logics and action formalisms. Aroc. of
AAAI AAAI Press, 2005.
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PART 2: The Proposal This has lead the NCI modeling team to put stringent, though
ad-hoc, laborious and still error-prone, restrictions on their
A. Background work process: there is a procedure for “checking out” a class;

Ontologies and their ApplicationsIn computer science, On_over.night, the ontology is classified; the effects of changes are
tologies are used to provide a common vocabulary forSidied the nextday; finally the changes must be approved by
domain of interest together witdescriptionsof the mean- &n editor before they are incorporated into the ontology.

ing of terms built from the vocabulary and relationships A further problem is thatontolog.|e§ are pgbllshed and used
between them. Ontologies in this sense are increasin@fythey are developed: as monolithic entities. For example,
used in knowledge management systems, medical and Hig:NC! ontology is focused on cancers and genes, yet it also
informatics [62, 61, 45], and are set to play a key role in tﬁgn_tams an |mpover|she_d qntology of cooking. Th_ls area is
semantic web and grid [33, 65]. In order to be computé?bV'OUSW of only f[angentlal mtgrest to the NCI: ftheyjus'tneed
accessible, modern ontologies are formulated in an ontold@ﬁalk a_bout the risks for certain cancers associated with char-
language based atescription logicsuch as OWL [32]. Cur- grilled fish. However, this fragmgnt could be used and devel-
rent applications are leading to the development of large Rfd Py other groups, but only if the fragments carcoe
complex ontologies (sometimes more than 300,000 differé@¢tly Separated from the rest and extensieagelymerged
terms). Engineering and maintaining such ontologies iP&ckK in. R .
complex task, and it has to be carried out with care for theT0 Sum up, the state of ontology engineering is very sim-
ontology to be of use. It may involve a group of ontoIogSlar to the state of soft\_/vare engineering befor_e the advent
engineers and domain experts co-operating in order to desiftructured programming techniques: ontologies cannot be
the ontology, update it to reflect changes/developments in #&€0mposed into semantically distinct components, we can-
domain, and integrate it with other ontologies so as to coidt Predict the scope of a (local) change, and how to re-use
larger domains. For example, the National Cancer Institi@@/ts of ontologies or safely compose them are open prob-
(NCI) [44] has approximately twelve people working on itlé_ams. In software engineering, humar_1 documentation and
oncology ontology at any given time. These people are gé§orous process re;tnctlons were put into place, as well as
graphically distributed and range from dedicated ontologig&eliminary mechanisms for structuring programs (e.g., type
to managers who contribute an occasional change. In the i module systems). As these mechanisms have grown more
eighteen months, the number of classes in the ontology ggphisticated, they have led to new automated techniques for

grown from approximate 40,000 to over 57,000 (indudir{@nsforming programs for performance (e.g., separate com-
many changes to existing terms). pilation), understanding (e.g., refactoring), and re-use (e.g.,

Current support The two key advantages of using a descripr)T-mdUIes)'

tion logic [28] based ontology language such as OWL ovePmposing and decomposing ontologiek has been con-
alternative representation mechanism (such as semantic ¥é&@ngly argued [58, 56, 31, 63, 9, 7] that methodologies and
or frames) is that they have an unambiguous semantics, algrithmic support for composing and decomposing ontolo-
that we can make use oéasoningservices of description giesin a controlled waywill be the key to supporting collab-

logic (DL) reasoners [60, 66, 46, 30] for ontology engineefrative ontology engineering and re-use.
ing. These services typically include More precisely, it will be crucial to develop methodologies

and algorithmic support for
e computing the subsumption hierarchy between classes

(classification), T1 developing ontologies with interfaces (and acceptable re-
e answering queries, strictions on their usage) which guarantee that, if such
an ontology is composed with other ontologies, it nei-

testing the consistency of class description, and . )
* . g . y . , ) P ther corrupts nor is corrupted by the ontologies they are
¢ finding explanations for inconsistencies. composed with:

The availability of these services, especially in editors such2 evaluating the consequences of the composition of a set
as SWOOP and Prieg¢ge OWL [50, 48], change how ontology of given ontologies which may have been built in a com-
engineers work. Classification, for example, facilitates bot- pletely unrestricted way;

tom up construction of taxonomies. So, the ontology engineg; decomposing a large ontology into modules that can be
can focus on theefinitionof terms, rather than thelations edited in a controlled way.

between them.

However, these services are not sufficient for engineerihige first item isprescriptivein the sense that the developer
and maintaining large ontologies, especially in the collabaill be “forced” to follow a certain design method which au-
rative case. Local changes to an ontology, and interactidosatically leads to well-behaved modular ontologies. The
between such changes, can have highly non-local effects g&tond item isnalyticalin that it supports the evaluation of
are currently unpredictable. The only time to examine thetbe result of composing arbitrary ontologies. The last item
effects isafterthe changes have been made, in the lighalbf comprises both approaches: after automatically segmenting a
the proposed changes. And even then there are changes whivea ontologyanalytically, the designer might want to fol-
impact is not detectable using the current suite of reasonlog a certain methodology to ensure that editing the segment
services. For example, they might only affect subsumptiodges not have damaging effects or, alternatively, might prefer
between certain complex terms, or interact unexpectedly withedit the segment “arbitrarily” but be supported in evaluating
future additions—which make them dangerous “time bombghe effects of merging it back.
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Satisfactory solutions to (T1)—(T3) are indispensable B. The Research Programme
support ontology engineers in collaborative editing and reuBige goal of this project is to develop meaningful notions and
of ontologies. For example, they would allow for simulrelated reasoning services for composing and decomposing
taneous editing of an ontology by segmenting the ontologytologies to serve as the basis for the collaborative develop-
into modules in such a way that reasoning can be carried mént and re-use of ontologieas argued above, a principled,
locally and independently on each module, and that the kfgic-based approach to support ontology developers in com-
fects of local changes would not corrupt the whole ontologysing and decomposing ontologies will be basedanants
nor other modules. No understanding of the whole ontolog§ conservative extensions. As a first approximation, those
would be required while editing a module. As a valuable sidestions will be used to specify items (T1)—(T3) above as fol-
effect, segmenting large ontologies is seen as a key new lopys:
timization technique for reasoning, allowing both for larger
ontologies to be processed, but also allowing for nearer to real. The composition of ontologies using appropriate inter-
time processing. faces should ensure that the composed ontology is (an

In the above enumeration, terms such as “in a controlled aPpropriate form of) a conservative extension of its com-
way”, “corrupted ontology”, and “consequence” are delib- Ponents. In this apprpach, the component ontologies are
erately left rather vague. Indeed, one goal of this project “black boxes” V\./hose.mterfaces consist of subsets ofthelr
is to provide rigorous but practical and usefatmal spec- vocabulary which might be shared, connected, or im-
ifications of items (T1)—(T3) above. It is only very re- ported. The appropriate _not|on _of conservativity of the
cently that research in this direction has been carried out COmMposed ontology relative to its components ensures
[25, 6, 5, 23, 9, 3, 7] and the proposers have already made that it has only the_ desired consequences and that the
some pioneering contributions towards their actual develop- C0omponent ontologies are not corrupted.
ment. The approaches taken #&gic-basedand founded on S2 When composing arbitrary ontologies (without using
the notion ofconservative extensions specified interfaces) the designer should be supported by
reasoning services which detect whether the composed
ontology is (an appropriate form of) a conservative ex-
tension of its parts.

Conservative extensiong he notion of a conservative exten-
sion plays a fundamental role in mathematical logic, philos-
ophy of science, and software specification. Tesguctive

version is formulated as follows: S3 A moduleof an ontology should be defined as a part

of the ontology of which the whole ontology is an (ap-

e alogical theoryT; is aconservative extension ahother propriate form of) conservative extension. Moreover, it

theoryT; if any consequence gk, which only uses sym- should be specified which type of editing of such a mod-
bols fromTy, is a consequence af as well. ule preserves this relation.

Weaker variants of this notion are obtained by considering(S1)—(S3), conservativity plays different roles. In (S1), be-
only consequences which are in a certain sublanguage.thgse the ontologies are regarded as “black boxes”, one has
strongermodel theoretiversion, to ensure conservativifpr anyontology obeying certain syn-
tactical/semantical constraints. In contrast, in (S2), one has to
decide a posteriori whether a given ontology is a conservative
is equally important in those fields. In software specificsz(tenSion Of_ another. The appropriate varian'_ts of the notion of
gnservative extension have to be determined based on the

tion, conservative extensions have been proposed and Lfsﬁ ) L . )
to define what it means that one specificatiefinesanother ollowing criteria (and might well not be same for all tasks):

specification [67, 52, 36] and to enaldpecifications in the  § \vhat do the users want? What kind of consequences
large by supporting structured specification, modularisation,  ghqy|d be preserved? E.g., should all consequences be
and decomppsmon [55( 53]. preserved, or only the subsumption hierarchy, or some-
Conservative extensions can play a fundamental role for thing in between? We are going to develop the notions
composing and decomposing ontologies because ontologies required to compare ontologies through liaisons with de-

are logical theories, and thus their “corruption” needs to signers of ontologies from bio-informatics and medical
be formulated in terms of changes to their logical conse- jnformatics.

quences/models. NoWg being a conservative extensionTaf
captures exactly thist, extendsT; without affectingts con-
sequences/models. Therefore, to control the consequences of 27 . . .
a composition of two ontologies, one should start with the otherr;?_ (?an Wel de3|?n _pl’iCth&ﬂ algorithms which de-
requirement that this composition is a suitable form of con- tect this for real ontologies?

servative extension of its components. Stronger dependert Which notions of conservativity have important meta-
cies between components should then be accommodated for Properties? For example, does it support modularity in
by considering carefully designed exceptions (i.e., interfaces) the sense of the Robinson consistency property (see be-
and choosing weak notions of conservative extensions. low for details)?

Although the above mentioned research on conservative exe For which notions do there exist transparent, syntactical,
tensions in software specification is highly relevant for tasks acceptable approximations? That is, restrictions that (i)
(T1)—(T3), no results can be applied directly because of the can be explained to a designer and are acceptable, (ii)
very different nature of the logics and their purpose. are syntactic so that they can be controlled by ontology

e every model fofT; can be expanded to a model by,

e What is the computational complexity of detecting
whether one ontology is a conservative extension of an-
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editors, and (i) ensure that compositions with other oesditors to support the ontology engineer in following the syn-

tologies are conservative extensions. tactic restrictions imposed by the prescriptive approach, and
_ _ with interfaces to the prototypical implementations of the var-
Research Aims.Our research aims are: ious reasoning services developed within WP 3.

. . . . Task 1.2.In order to ensure the relevance of the research
1. To specify notions of conservative extensions between : .
. ) . i . carried out in other workpackages, we need to analyse the rel-
DL ontologies and investigate their computational an . : )
meta-properties evance qf various paramgters (_)f this research. We WI” exam-
o o ine existing ontology engineering processes to help identify
2. To provide rigorous specifications for (T1)—(T3) by aRynat kinds of services related to composing and decomposing
plying those notions to the problems of composing agd ontologies are useful. Our preliminary work has identified
decomposing DL ontologies for both thgescriptive the areas described in (T1)~(T3), which involve the following
and theanalyticalapproach. services:

3. To design algorithms which support those applications. . )
This includes algorithms for deciding certain notions of ® t© help the ontology designer to develop ontologies that

conservativity and algorithms that use these notions for €an be composed in a controlled way, i.e., guide the de-
decomposing ontologies. signer in following the prescriptive approach;

4. To implement and evaluate these algorithms in cooper® {0 show, to the ontology designer, the consequences of a
ation with ontology editor developers and ontology de- composition of ontologies;
signers. ¢ to decompose an ontology into modules; and

to extract, from an ontology, a component that is “rele-

. °
Programme of work The research programme below is bro- vant” for a given set of terms,

ken down into thregvorkpackageéWP), each of which is fur-
ther divided intatasks For each WP, we presentlascription Within this task, we plan to extend this list and describe these
and themethodologyo be employed, and we name ttéad- services in detail, e.g., by analyzing what notion of conser-
ing investigatordor each task. Itis to be emphasized that thetivity is useful for which service, how acceptable certain
role of the named investigators is merely to guide and mayntactic restrictions are to the engineer, or what acceptable
age the research tasks since we assume that all team menggfsrmance is.

cooperate in all tasks; and that the tasks of a WP are stronglyask 1.3. We plan to test the usability and performance

connected to each other and inform each other. of the services identified in Task 1.1 in two different ways.
(1) Similar to our field study described in [7], we will make
WP 1. Requirements Analysis and Evaluation use of existing ontologies [42] to evaluate the performance

of our services and analyze their outcome. This will provide
OveRVIEW: The aim of WP 1 is to inform us about the resome insight into their applicability and scalability, but will
quirements of ontology designers and to evaluate our gpiy partially answer questions concerning their usefulness
proaches in realistic use cases. To this end, we will collggp ontology engineering in practice. (2) Therefore, we will
orate and liaise with ontology editor developers and ontologyske use of the extensions to ontology editors undertaken in
designers. This workpackage will inform work on the othefzsk 1.2 and our ongoing liaison with ontology engineers to

packages throughout the whole project. evaluate our services in practice, i.e., during ontology engi-
TAsks: neering. This will provide insight into the acceptability of
1.1. Collaboration & liaison with ontology editor developershe syntactic restrictions imposed in the prescriptive approach
Leading investigatorsParsia and Horrocks and the acceptability of the performance of our prototypical
1.2. Continuous requirements analysis. implementation for the analytical approach.

Leading investigatorsParsia and Sattler

1.3. Evaluation. WP 2. Notions of conservative extensions, their meta-

Leading investigatorsParsia and Horrocks properties, and their decision problems

DESCRIPTION ANDMETHO.DOLO-GY TaSk 1.1.In order to OVERVIEW: The aim of this Workpackage is to deve|op
ensure that the problems investigated in the other workpagkhierarchy of notions of conservative extensions for DLs,
ages can indeed provide the required support for the compegiaracterize them model-theoretically, investigate their meta-

tion and decomposition of ontologies, and thereby supportifgperties, and investigate the complexity of the correspond-
ontology engineering tasks as described in (T1)—~(T3) aboygy decision problems.

we will continuously make use of our on-going collaborationfsASKS:

and liaisons with ontology editor developers and with ontol- . ) . .
ogy engineers. This is facilitated through our direct involvé-1. Develop a hierarchy of notions of conservativity for dif-
ment in the development of the SWOOP ontology editor [48], ferent DLs and characterize them model-theoretically.
our on-going liaison with the developers of the gt OWL Leading investigatorsSattler and Wolter

editor [S0], and our on-going liaison with ontology engineetsy  |nyestigate important meta-properties (e.g., Robinson-
using these tools. More precisely, we plan to extend both consistency, existence of uniform interpolants, and dis-

1See letters of support from Matthew Horridge, Mark Musen, NCI, Robert tribuFion over projections) of notions of conservativity
Stevens, FreshWaterLife, OrdnanceSurvey, Alan Ruttenberg, Aditya. for different DLs.




Composing and decomposing ontologies — A Case for Support 4

e “Is T, a conservative extensiaf every T (of a certain
syntactic form)?” and “If this is not the case, compute a
counterexample?”

Leading investigatorsKonev and Wolter
2.3. Investigate the computational complexity of deciding
conservativity for different DLs and notions of conser-
vativity. These problems are both fundamental for the analytical ap-
Leading investigatorsKonev and Wolter proach and provide the theoretical background for phe
DESCRIPTION ANDMETHODOLOGY. Task 2.1will isolate, scriptiveapproach. First results on the first problem for stan-
in a continuous feedback loop with WP 1, tharameters dard model-theoretic and deductive versions of conservativ-
of conservative extensions. Which consequences are totehave been obtained in [5, 23]. They indicate that the
preserved and what is the model-theoretic meaning of the fdel-theoretic variant will often be more complex (even
sulting variants of conservative extensions? Answers to th&éghly undecidable) than the deductive versions (which is of-
questions will provide formal specifications of the terms “jfen 2ExpTime-complete). Its complexity depends in a subtle
a controlled way”, “corrupted ontology”, and “consequencdvay on the expressivity of the DL under consideration. No
used in the description of our items (T1)—(T3). Different DLESUlts have yet been obtained for the second, quantified, ver-
will give rise to different model-theoretic characterizatiorgion, but we hope that in some cases the decision problem be-
and, for each DL, we will obtain hierarchyof notions of con- comes simpler. When investigating those problems, we will
servative extensions. The DLs we take into account will rangée the model-theoretic characterisations from Task 2.1 and
from sub-Boolean DLs such &~ [27, 30] and DL-Lite [37] try to extend the methods developed in [5, 23]. However, we
to very expressive ones such th&t/ 1Q and SH01Q (the Will also use automata theoretic approaches [47, 41] and make
DLs underlying OWL) and expressive variants of the modg$e of techniques introduced for investigating uniform inter-
p-calculus [34]. The notions considered will range from theolants and bisimulation quantifiers [68, 39, 41].
standard model-theoretic notion of conservativity to conser-
vativity for conjunctive queries to underlying databases [2@§P 3. “Practical” algorithms for deciding conservativ-
and the standard deductive version of conservativity to mughand decomposing ontologies, and syntactic conditions
weaker versions such as preservation of the subsumptionfdi-conservativity
erarchy. First results [5, 23] as well as expressivity results
for modal, temporal and description logics show that vario@ERVIEW: The aim of this workpackage is to develop,
forms ofbisimulationg51, 68, 40] will play an important role for theanalytical approach“practical” reasoning algorithms
in characterizing those notions model-theoretically. for deciding conservativity and decomposing ontologies, and
Task 2.2is devoted to investigating important metaCValuate them using a prototype implementation. Foptie

properties of the notions developed in Task 1. An exampﬁ‘ér.ip.tive gpproachsufﬁcient syntactic cond_itions for conser
is the following variant of the Robinson-consistency properY t'V'_ty will b? developed and cor_respondlng decomposition
(RC) [38]: supposd; andT, are both conservative extension gorithms will be developed and implemented.

of To andTo contains all shared symbols & andT,. Then JTASKS:

T1UT, is a conservative extensionTg as well. For coopera-3.1. Development and implementation of reasoning algo-
tive ontology design, this property is crucial: if it holds, then  rithms for checking conservativity for appropriate DLs
ontologies developers can safely join their independently de- and notions of conservativity.

veloped extensions. Whether RC holds depends on the Ddading investigatorskonev and Sattler

and the_ chosen not|qn of conseryajuwty. For d_ecomp03|§gz_ Development of sufficient syntactic conditions for con-
ontologies, the following problem is important: given an on- servativity

tology T and a subset of its vocabulary, does there exis}_ L .

an ontologyT’ overV of which T is a conservative exten- eading investigatorsHorrocks and Sattler
sion. This problem is closely related to a uniform interpol&.3. Development and implementation of reasoning algo-
tion property [43, 68], which depends again on the language rithms for decomposing ontologies.

and notion of conservative extension chosen. Informed E’é(ading investigatorswolter and Sattler

WP 1, we will investigate these and related properties. TB%SCRIPTION ANDMETHODOLOGY. Work in this work-

investigation will be based on the model-theoretic characteriz ; ; . o
zations from Task 2.1 and extend and modify techniques 315)31 kage will be based on the requirements identified in WP 1

as amalaamation of models. saturated models. and re reanrc1j_on the insights gained through the analysis of different no-
. 9 ' ' Pre%8Hs of conservative extensions and their computational com-
tation of terms by tree automata [64, 38, 41].

Task 2.%onsists in choosing notions of conservative exteRI—eXity N WP 2. The results will be evaluated in WP 1.
. ' 9 . . . Task 3.1.We will choose relevant notions of conservative
sions from Task 2.1 together with well-suited DLs and investi- : B L . )

. . . extensions and develop “practical” reasoning algorithms for
gate the computational complexity of the following problem[

for their combination:

Rem for important DLs, which will provide solutions to (T2)
above. This will involve the exploration of new terrain in
e “Is ontology T, a conservative extension of ontologyutomated reasoning for DLs, and the reasoning techniques
T1?” and “If this is not the case, compute a counterermployed will depend on the kind of conservativity and the
ample”, where a counterexample is, depending on tb&. Using the model-theoretic characterizations from WP 2,
variant of conservative extension investigated, a con#iemay turn out that model-generating algorithms such as
quence that isot preserved or a model which cannot b&ableau algorithms (which are underlying most DL-reasoners)
expanded. can be expanded to decide conservativity. Automata- and
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resolution-based approaches are also of interest. For exteferences
ple, for some DLs, it appears promising to encode the conser-
vativity problems into the satisfiability problem for monadid25] G. Antoniou and K. Kehagias. A note on the refinement of
second-order logic over trees and thus use techniques sjm- °ntologies.int. J. of Intelligent System&s, 2000.
ilar to those underlying the MONA system [49]. The inIZG] C. Lutz B. Glllmm, I Horrocks. apd u. Sattler. Conjunctive
vestigators have profound expertise in both areas; see, e.g., query answering for the description logic SHIQ. fnoc. of
Lo . IJCAI. AAAI Press, 2007. To appear.

[57, 29’_ 12, ?‘3]' Moreover, it will deper_1d on the requ_'remenE?] F. Baader, S. Brandt, and C. Lutz. Pushing #& envelope.
determined in WP 1 and the computational complexity results |, proc. of IJCAI Morgan Kaufmann Publishers, 2005.
from WP 2 whether we will work towards decision procedurggg) F. Baader, D. Calvanes, D. McGuiness, D. Nardi, and P. Patel-
or towards semi-decision procedures: our preliminary work — Schneider.The Description Logic Handbook: Theory, imple-
shows that there could be interesting notions of conservativity mentation and applicationsCambridge Univ. Press, 2003.
for widely used DLs that are undecidable, and thus cannot [28] F. Baader, J. Hladik, C. Lutz, and F. Wolter. From tableaux
solved by decision procedures. We expect a prototypical im- to automata for description logicundamenta Informaticae
plementation of some of the reasoning algorithms to be built 57, 2003. o
on existing DL reasoners [60, 66, 54] since, in principle, arty®l F- Baader, C. Lutz, and B. Suntisrivarapomn.CEL—a
algorithm for deciding conservativity and computing witness polynomial-time reasoner for life science ontologiesPhoc.
concepts will require satisfiability procedures as sub-routin of JCAR LNAI. Springer Verlag, 2006, . .

. . . . ) §1] J. Bao, D. Caragea, and V. Honavar. On the semantics of link-
Testing and evaluation of the algorithms will be carried out

X o ing and importing in modular ontologies. Proc. of ISWC
the ontologies collected within WP 1. LNCS. Springer Verlag, 2006.

Task 3.2. We will use the insight gained in WP 2 to for-32] S. Bec_hhofer, F. van Harmelt_en, J. Hendler, _I. Horrocks, D. L.
mulate sufficient (but mostly not necessary) syntactic condi- MCCGUINness, P. Patel-Schneider, and L. Stein. OWL Web On-
tions for suitable notions of conservativity and different DL 33 tology Language reference. W3C Recommendatuon, 2(.)04'

. . . - 133] T.Berners-Lee, J. Hendler, and O. Lassila. The semantic Web.
wh|cr_1 _W|II prqwde solutions to_(Tl) ak_)ove. These syntac_tl Scientific American284(5), 2001.
condltlons will be used_to deflr)e.not|ons_ of a module V\.nttg4] P. Bonatti, C. Lutz, A. Murano, and M. Vardi. The complex-
an interface together with restrictions of its usage. Prelimi- * jiy of enrichedp-calculi. InProc. of ICALP LNCS. Springer
nary results in this direction [7, 9] have been obtained. They \Verlag, 2006.
suggest that sufficient, yet reasonably general, syntactic c{85] P. Bouquet, F. Giunchiglia, F. van Harmelen, L. Serafini, and
ditions for conservativity in the model-theoretic sense can be H. Stuckenschmidt. Contextualizing ontologiedournal of
obtained by considering so-called “local” ontology axioms. Web Semanticd, 2004.

We will try to extend this approach, but also consider tH86] P. Byers and D. Pit.t. Conservative extensions: A cautionary
suitability of syntactic restrictions derived from specialized __ note-EATCS-Bulletin1990. N
languages for modular DLs and combining DLs such as dig’] D. Calvanese, G. De Giacomo, D. Lembo, M.Lenzerini, and

. . R. Rosati. Dl-lite: Tractable description logics for ontologies.
télf:t[zt:jL]DLs [59, 35], E-connections [20], and package-based In Proc. of AAAI AAAI Press, 2005.

[38] C.Chang and H. KeisleModel Theory Elsevier, 1990.

Task 3.3 We will develop algorithms for the decompositiod39] G. D'Agostino and M. Hollenberg. Logical questions con-
of one ontology into well-behaved modules, i.e., into parts CemMing ther-calculus: interpolation, Lyndon and &erarski.
structured by dependencies, V.VhiCh. Wi” provide $0|Uti0ns LQO] ésérxggggnngﬁgsé ngr?éi An axiomatization of bisimula-
(T3) above. So far, we have identified two versions of th X ‘ '

. . tion quantifiers via th@-calculus.Theoret. Comput. S¢i338,
service: (1) to decompose an ontology into modules that can 2005? # put. >¢

be reasoned over independently and on which ontology a1} T. French. Bisimulation quantifiers for modal logicsPhD
gineers can work either completely independently or with de- * thesis, University of Western Australia, 2006.

pendencies that are known in advance, and (2) to extract, frdp] T. Gardiner, I. Horrocks, and D. Tsarkov. Automated bench-
an ontology, a module that “captures” a certain set of terms, marking of description logic reasoners.Rroc. of DL CEUR,

so that this module can be re-used in another ontology with- 2006.

out having to use the whole ontology. Here, for a modige [43] S. Ghilardi and M. Zawadowski. Undefinability of proposi-
of T to “capture” a set of terms means that the composition ~tional quantifiers in the modal system S8tudia Logica 55,

of an ontology withTy, leads to the same consequences as the 1995.

composition withT , i.e., thatTy is a uniform interpolant ot [44] J. Golbeck, G. Fraga;o, F. Hartel,_ J. .Hen1dler, B. Parsia, and
. . J. Oberhaler. The national cancer institute’s thesaurus and on-
as described in Task 2.2.

tology. J. of Web Semantic2003.

Whether solutions to these services will be based on the @#5] C. Golbreich, S. Zhang, and O. Bodenreider. The foundational
gorithms developed in Task 3.1 or the sufficient syntactic con- model of anatomy in OWL: Experience and perspectidesf
ditions developed in Task 3.2, will depend on the performance = Web Semanticg(3), 2006. o
of the algorithms of Task 3.1 and the suitability of syntactig'®] V- Haarslev and R. Mlier. RACER system description. In
conditions in Task 3.2. Preliminary results based on suffici t7 Proc. OT NCARLNAI, Spr'n.ger Verlag, 2001.

. L . . 1 D. Janin and |. Walukiewicz. Automata for the modal
syntactic conditions for conservativity are promising [9, 7e][g calculus and related results. IRroc. of MFCS LNCS.
Moreover, it should be possible to use non-logic-based ap-  gpringer verlag, 1995.
proaches to modularization [56, 58, 63] to generate candid@ig) A. Kalyanpur, B. Parsia, E. Sirin, B. Cuenca- Grau, and
decompositions. To apply them, it has to be checked which J. Hendler. SWOOP — a web ontology editing browsar.
logical consequences they preserve. of Web Semanticg(1), 2005.
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[49] E. Karabaev and C. Lutz. Mona as a DL reasoneProc. of the design and maintenance of these ontologies with services
DL, CEUR, 2004. to enable collaborative editing and re-use of ontologies, both
[50] H. Knublauch, M. Musen, and A. Rector. Editing descriptiogf which are based on controlled composition and decompo-
logic ontologies with the Prégg OWL plugin. InProc. of DL gjtion of ontologies.
CEUR, 2004. . _ In addition to its direct benefit to those who aim to develop
[51] N. Kurtonina and M. de Rijke. Expressiveness of concegfy/or se ontologies, this work will also benefit the wider

expressions in first-order description logicéwtificial Intel- .o . o
ligence 107, 1999. UK research community: in the first place, it will deepen our

[52] T.Maibaum. Conservative extensions, interpretations betwddpderstanding of modularity for 'Ogica' theories_ in gener?ll
theories and all that! IRroc. of CAAP/FASELNCS. Springer (Not only DLs but also temporal logics/modal logics), and in
Verlag, 1997. the second place, it will help to consolidate the UK’s already

[53] P. Mosses, editorCASL Reference ManualLNCS. Springer established world leadership in research on knowledge rep-
Verlag, 2004. resentation and reasoning in general and ontology languages
[54] B. Motik and U. Sattler. A comparison of reasoning techniqueshd reasoning in particular.
for querying large description logic ABoxes.ftoc. of LPAR  |n the longer term, this work will also be of benefit to
LNCS. Springer Verlag, 2006. _ the increasing number of companies who are developing on-
[55] J. Goguen R. Diaconescu and P. Stefaneas. Logical SUppgjhqy design/deployment tools and ontology based applica-
for modularisation. In G. Huetand G. Plotkin, editdrsgical ;o™ This includes technology companies such as Siemens,

Environments1993. .
[56] A. Rector. Modularisation of domain ontologies implemente%nd IBM, and ontology users such as NASA, Freshwaterlife,

in description logics and related formalisms including OWL"’.md Ordnance Survey. )

In Proc. of K-CAR ACM Press, 2003. . o o with
[57] U. Sattler and M. Y. Vardi. The hybrid mu-calculus. froc. Dissemination and Exploitation let-

of IJCAR LNAI. Springer Verlag, 2001. Dissemination will be via three channels: collaboration witlers

[58] J. Seidenberg and A. Rector. Techniques for segmenting lacgetology tool developers and ontology engineers (see WP ),
description logic ontologies. IK-CAP 2005 Workshop on In- presentations at relevant national and international meetirgyy-
tegrating OntologiesCEUR, 2005. ~_and publications in leading conferences and journals. port!

[59] L. Serafini, A. Borgida, and A. Tamilin. Aspects of distributed ag gescribed in WP 1. the developers of SWOOP are di-
and modular ontology reasoning. Rtoc. of ICAI Morgan v involved in this project, and we liaise with the devel-
Kaufmann Publishers, 2005, gpers of Pratge in order to make the reasoning services we

[60] E. Sirin, B. Parsia, B. Cuenca Grau, A. Kalyanpur, and Y. Kat p . * . g_

evelop available to ontology engineers. We will also work

Pellet: A practical OWL-DL reasoner. Submitted to the Jour-- - :
nal of Web Semantics. with the ontology engineers themselves in order to encourage

[61] K.A. Spackman. Managing clinical terminology hierarchieddoption of the new services.
using algorithmic calculation of subsumption: Experience Dissemination will also be pursued via presentations,
with SNOMED-RT. J. of the Amer. Med. Informatics Ass.courses and tutorials at relevant meetings such as Manch-
2000. ester’s successful series of OWL tutorials, GO Users Meet-
[62] R. Stevens, C. Goble, I. Horrocks, and S. Bechhofer. Buildinggs, Proége workshops, and various summer schools.
a bioinformatics ontology using OILIEEE Transactions on  Finally, we will continue our established pattern of con-
Information Technology in Biomedicing, 2002. _.ference and journal publications. These will target the wide
[63] H. SIUCkenSChm'dt anc_i M. Klein. Structure-based part|t|on|r}gnge of communities where the proposed research will be of
of large class hierarchies. Proc. of ISWCLNCS. Springer . . . -
relevance, including logic and automated reasoning, knowl-

Verlag, 2004. . . . .
[64] B. ter? Cate. W. Conradie. M. Marx. and Y. Venema. Defiffdde representation, the Semantic Web/Grid, medical- and

itorially complete description logics. IRroc. of KR AAAI  bio-informatics.
Press, 2006.
[65] The DAML Services Coalition. DAML-S: Web service deManagement
scription for the semantic web. IRroc. of ISWC LNCS. The project will be managed by Sattler and Wolter, with Sat-

Springer Verlag, 2003. tler being in overall charge; both have considerable experi-
[66] D. Tsarkov and I. Horrocks. Optimised classification for taxgnce managing EPSRC and EU projects, and have worked to-
nomic knowledge bases. Rroc. of DL CEUR, 2005. gether, e.g., on the EPSRC DynamO project (GR/S63168/01).

[67] W.M. Turski and T. MaibaumThe Specification of Computetpe,, will monitor and discuss the progress of the project via
Programs Addison-Wesley, 1987. email and monthly meetings, the latter being possible due to
[68] A. Visser. Uniform interpolation and layered bisimulation. Inh I . .y b 9 ,L' | and I\Q/]I P h Th
Godel '96 (Brno, 1996) volume 6 ofLecture Notes Logic the close proximity etwe?n IVerpool an anC_?Ster' e,
Springer Verlag, 1996. proposed research and time schedule are ambitious, but is
achievable given the strength of the team and the fact that
Relevance to beneficiaries the project builds on existing work and expertise. Moreover,
A wide range of UK and international research efforts the structure of the project helps to mitigate risk: although the

areas such as the Semantic Web/Grid, knowledge mandggks complement and inform each other, many of them can
ment, medical-informatics, bio-informatics and e-Science &tg© succeed independently. For example, even if one of the
now dependent on ontologies to capture domain semant@ @Pproaches, the analytic or the prescriptive, proves to be
and to promote interoperability—this is evidenced by tﬁg]feasmle in some appllcatlons, the cher one could still be
widespread use of other ontology design tools such aggroteXiremely successful in these applications.

and SWOOP [48, 50]. As argued above, itis crucial to support

comg



