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1 Introduction

Time is a pervasive dimension of reality as everything evolves as time elapses. Therefore, Web-based
information systems and knowledge representation tools at least mirror, and often have to capture, the time-
varying and evolutionary nature of the phenomena they model and of the activities they support. This aspect
has been acknowledged and long studied in the field of temporal databases [JeSn09] but it truly applies also
to the World Wide Web and Semantic Web in particular.

Several papers addressing, in an explicit or implicit way, the representation and management of time
and evolution in the Semantic Web appeared recently and, on some aspects, showed a clear upward trend
in last years, witnessing a sustained and/or growing research interest. Reflecting and acknowledging such
interest, we started in 2011 to collect references concerning the handling of time and evolution issues in
Semantic Web research. As it was for [Gra03], the purpose of this collection was to compile a bibliography
which could be of help, in particular, to students and young researchers. As a result of such endless work,
we wrote the present bibliography, whose latest version will be available on the Web at URL:

http://www-db.deis.unibo.it/˜fgrandi/TWbib/TSWbib.html

This follows several fortunate bibliographies on time-varying information management, including seven
ones on temporal databases [BAD+83, McK86, StSn88, Soo91, Kli93, TsKu96, WJS88], two ones on
spatio-temporal databases [ASM93, ASM94], two ones on spatio-temporal data mining [RoSp99, RHS00],
one on schema evolution [Rod92], one on (temporal) indeterminacy [Dyr96], and one on temporal and
evolution aspects in the World Wide Web [Gra03] also advertised on Sigmod Record [Gra04]. Notice that
the bibliography we gathered in 2003, already contained the embryo of the present work, with 16 papers
dealing with temporal and evolution aspects in the Semantic Web [Gra03, Sec. 2.8].

The collected references, which amount to nearly 650 as of August 2012, are partitioned into two main
sections, where they are further organized according to some similarity criterion introduced by brief notes.
The former main section (Sec. 2) contains papers explicitly dealing with time or temporal aspects repre-
sented in Semantic Web resources or involved in their modelling and management. The latter main section
(Sec. 3) contains papers dealing with dynamic aspects of the Semantic Web without explicit reference to
any temporal dimension. We apologize in advance (with the readers and especially with the authors) for any
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errors, misclassifications and omissions may result from the collected entries. Additions, corrections and
comments are obviously welcome. Papers that could have been classified as belonging to more than one
section of this bibliography, have actually been assigned to the most representative one, although sometimes
such a choice could seem in part arbitrary.

2 Time and Temporal Aspects

This first group of collected references is devoted to time and temporal aspects in the Semantic Web. In this
collection of 219 papers, we can make a first partition between 116 works properly dealing with modelling
and management of temporal Semantic Web resources (in Sec. 2.1 and Sec. 2.2), and 103 works focusing
on the study of the semantic and ontological aspects of time itself (in Sec. 2.3 and Sec. 2.4). Within each of
the two partitions, we separated papers dealing with time alone (in Sec. 2.1 and Sec. 2.3, respectively) from
papers dealing with either time and space (in Sec. 2.2 and Sec. 2.4, respectively).

2.1 Temporal Extensions of Semantic Web

With an approach similar to that employed in temporal database [JeSn09] and temporal XML [DyGr09]
research, time dimension(s) are explicitly added to Semantic Web languages and formalisms (e.g., RDF,
OWL and SPARQL) in order to represent time in semantic annotations, to build temporal ontologies and to
support temporal querying and reasoning. The considered time dimension is usually valid time [JDB+98],
which represents the time when some fact is true in the real world, although other time dimensions have also
been considered in some approaches. A number of 79 references has been gathered in this group, where
space dimensions have not been considered.

[1] Theodore Andronikos, Michalis Stefanidakis, and Ioannis Papadakis. Adding temporal dimension to
ontologies via OWL reification. In Proc. of Panhellenic Conf. on Informatics (PCI), pages 19–22,
Corfu, Greece, September 2009. IEEE Computer Society Press, Los Alamitos, CA.

[2] Evdoxios Baratis. TOQL: Querying temporal information in ontologies. Master’s thesis, Dept. of
Electonic and Computer Engineering, Technical University of Crete, 2008.

[3] Evdoxios Baratis, Nikolaos Maris, Euripides G.M. Petrakis, Sotiris Batsakis, and Nikolaos Papadakis.
The TOQL system. In Proc. of Intl’ Symposium on Advances in Spatial and Temporal Databases
(SSTD), pages 450–454, Aalborg, Denmark, July 2009. LNCS Vol. 5644, Springer-Verlag, Berlin,
Germany.

[4] Evdoxios Baratis, Euripides G. M. Petrakis, Sotiris Batsakis, Nikolaos Maris, and Nikolaos Papadakis.
TOQL: Temporal ontology querying language. In Proc. of Intl’ Symposium on Advances in Spatial
and Temporal Databases (SSTD), pages 338–354, Aalborg, Denmark, July 2009. LNCS Vol. 5644,
Springer-Verlag, Berlin, Germany.

[5] Andrzej Bassara. Evolution of ontology in time. In Proc. of Intl’ Conf. on Business Information Sys-
tems (BIS), pages 392–402, Klagenfurt, Austria, May 2007. LNI Vol. P-85, Gesellshaft für Informatik,
Bonn, Germany.

[6] Sotiris Batsakis and Euripides G. M. Petrakis. Representing temporal knowledge in the semantic web:
the extended 4D fluents approach. In Proc. of Intl’ Wokshop on Combinations of Intelligent Methods
and Applications (CIMA, in conj. with ICTAI), pages 55–69, Arras, France, October 2011. SIST Vol.
8, Springer-Verlag, Berlin, Germany.
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[7] Sotiris Batsakis, Kostas Stravoskoufos, and Euripides G. M. Petrakis. Temporal reasoning for support-
ing temporal queries in OWL 2.0. In Proc. of Intl’ Conf. on Knowledge-Based Intelligent Information
and Engineering Systems (KES), Kaiserslautern, Germany, September 2011. LNCS, Springer-Verlag,
Berlin, Germany.

[8] Bettina Bauer-Messmer and Rolf Grütter. Semantic modeling of temporal information in a database
for biotope inventories. In Proc. of Intl’ ICSC Symposium on Information Technologies in Environ-
mental Engineering (ITEE), pages 518–534, Thessaloniki, Greece, May 2009. ESE, Springer-Verlag,
Heidelberg, Germany.

[9] Punan Bedi and Sudeep Marwaha. Versioning OWL ontology using temporal tags. Proceedings of
World Academy of Science, Engineering and Technology, 27:332–337, 2007.

[10] Marco Bertini, Alberto Del Bimbo, and Giuseppe Serra. Video event annotation using ontologies with
temporal reasoning. In Proc. of Italian Research Conf. on Digital Library Systems (IRCDL), pages
13–22, Padua, Italy, January 2008. DELOS Association for Digital Libraries, Pisa, Italy.

[11] Yolanda Blanco-Fernández, Martı́n López Nores, José J. Pazos Arias, and Jorge Garcı́a Duque. An
improvement for semantics-based recommender systems grounded on attaching temporal information
to ontologies and user profiles. Engineering Applications of AI, 24(8):1385–1397, 2011.

[12] Jethro Borsje, Leonard Levering, and Flavius Frasincar. Hermes: a semantic web-based news decision
support system. In Proc. of Symposium on Applied Computing (SAC), pages 2415–2420, Fortaleza,
Brazil, March 2008. ACM Press, New York.

[13] François Bry and Stephanie Spranger. Towards a multi-calendar temporal type system for (semantic)
web query languages. In Proc. of Intl’ Workshop on Principles and Practice of Semantic Web Reason-
ing (PPSWR), pages 102–117, St. Malo, France, September 2004. LNCS Vol. 3208, Springer-Verlag,
Heidelberg, Germany.

[14] Gerard de Melo, Fabian M. Suchanek, and Adam Pease. Integrating YAGO into the suggested upper
merged ontology. In Proc. of IEEE Intl’ Conf. on Tools with Artificial Intelligence (ICTAI) - Volume 1,
pages 190–193, Dayton, OH, November 2008. IEEE Computer Society Press, Los Alamitos, CA.

[15] Brett Drury, José João Almeida, and M. H. M. Morais. An error correction methodology for time de-
pendent ontologies. In Proc. of Workshop on Ontology, Models, Conceptualization and Epistemology
in Social, Artificial and Natural Systems (ONTOSE, in conj. with CAiSE), pages 501–512, London,
UK, June 2011. LNBIP Vol. 83, Springer-Verlag, Heidelberg, Germany.

[16] Fathieh Faghih, Morteza Amini, and Rasool Jalili. A temporal description logic based access control
model for expressing history constrained policies in semantic web. In Proc. of IEEE Intl’ Symposium
on Policies for Distributed Systems and Networks (POLICY), pages 142–149, Washington, DC, July
2009. IEEE Computer Society Press, Los Alamitos, CA.

[17] Andrew U. Frank. Towards a mathematical theory for snapshot and temporal formal ontologies. In
Proc. of AGILE Intl’ Conf. on Geographic Information Science, pages 317–334, Aalborg, Denmark,
May 2007. LNGC, Springer-Verlag, Heidelberg, Germany.

[18] Flavius Frasincar, Jethro Borsje, and Leonard Levering. A semantic web-based approach for building
personalized news services. Intl’ Journal of e-Business Research, 5(3):35–53, 2009.

[19] Fabio Grandi. Multi-temporal RDF ontology versioning. In Proc. of Intl’ Workshop on Ontology
Dynamics (IWOD, in conj. with ISWC), Chantilly, VA, October 2009. CEUR-WS.
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[20] Fabio Grandi. T-SPARQL: a TSQL2-like temporal query language for RDF. In Proc. of Intl’ Workshop
on on Querying Graph Structured Data (GrapQ10, in conj. with ADBIS), pages 21–30, Novi Sad,
Serbia, September 2010. CEUR-WS.

[21] Fabio Grandi. Light-weight ontology versioning with multi-temporal RDF schema. In Proc. of Intl’
Conf. on Advances in Semantic Processing (SEMAPRO), pages 42–48, Lisbon, Portugal, November
2011. Xpert Publishing Services.

[22] Fabio Grandi and Maria Rita Scalas. The valid ontology: A simple OWL temporal versioning frame-
work. In Proc. of Intl’ Conf. on Advances in Semantic Processing (SEMAPRO), pages 98–102, Sliema,
Malta, October 2009. IEEE Computer Society Press, Los Alamitos, CA.

[23] Claudio Gutiérrez, Carlos A. Hurtado, and Alejandro A. Vaisman. Temporal RDF. In Proc. of
European Semantic Web Conf. (ESWC), pages 93–107, Heraklion, Crete, May-June 2005. LNCS Vol.
2532, Springer-Verlag, Heidelberg, Germany.

[24] Claudio Gutiérrez, Carlos A. Hurtado, and Alejandro A. Vaisman. Introducing time into RDF. IEEE
Transactions on Knowledge and Data Engineering, 19(2):207–218, 2007.

[25] Jon Heggland. Ontolog: Temporal annotation using ad hoc ontologies and application profiles. In
Proc. of European Conf. on Research and Advanced Technology for Digital Libraries (ECDL), pages
118–128, Rome, Italy, September 2002. LNCS Vol. 2458, Springer-Verlag, Berlin, Germany.

[26] Kun Hu, XueLi Yu, Zhi Li, and HongKang Zhu. The temporal description logic TL-SI and its de-
cidability algorithm. In Proc. of Intl’ Conf. on Computational Aspects of Social Networks (CASoN),
pages 575–578, Taiyuan, China, September 2010. IEEE Computer Society Press, Los Alamitos, CA.

[27] Zhisheng Huang and Heiner Stuckenschmidt. Reasoning with multi-version ontologies: A temporal
logic approach. In Proc. of Intl’ Semantic Web Conf. (ISWC), pages 398–412, Galway, Ireland,
November 2005. LNCS Vol. 3729, Springer-Verlag, Heidelberg, Germany.

[28] Sebastian Hübner and Ubbo Visser. Temporal representation and reasoning for the semantic web. In
Proc. of Florida Artificial Intelligence Research Society Conf. (FLAIRS), pages 113–114, Coconut
Grove, FL, May 2008. AAAI Press, New York, NY.

[29] Carlos A. Hurtado and Alejandro A. Vaisman. Reasoning with temporal constraints in RDF. In Proc.
of Intl’ Workshop on Principles and Practice of Semantic Web Reasoning (PPSWR), pages 164–178,
Budva, Montenegro, June 2006. LNCS Vol. 4187, Springer-Verlag, Heidelberg, Germany.

[30] Eero Hyvönen, Jouni Tuominen, Tomi Kauppinen, and Jari Väätäinen. Representing and utilizing
changing historical places as an ontology time series. In Geospatial Semantics and the Semantic
Web, volume 12 of Semantic Web And Beyond, chapter 1, pages 1–26. Springer-Verlag, Heidelberg,
Germany, 2011. Naveen Ashish and Amit P. Sheth (Eds.).

[31] Peng Jin and Yang Fang-chun. Description logic modeling of temporal attribute-based access control.
In Proc. of Intl’ Conf. on Communications and Electronics (ICCE), pages 414–418, Hanoi, Vietnam,
October 2006. IEEE Computer Society Press, Los Alamitos, CA.

[32] Daisuke Kachi. Tensed ontology based on simple partial logic. In Proc. of Intl’ Symposium on
Temporal Representation and Reasoning (TIME), pages 141–145, Manchester, England, July 2002.
IEEE Computer Society Press, Los Alamitos, CA.
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[33] Gjergji Kasneci, Maya Ramanath, Fabian M. Suchanek, and Gerhard Weikum. The YAGO-NAGA
approach to knowledge discovery. SIGMOD Record, 37(4):41–47, 2008.

[34] Akrivi Katifori, Costas Vassilakis, George Lepouras, Ilias Daradimos, and Constantin Halatsis. Visu-
alizing a temporally-enhanced ontology. In Proc. of Working Conf. on Advanced Visual Interfaces
(AVI), pages 488–491, Venice, Italy, May 2006. ACM Press, New York, NY.

[35] Natalya Keberle. Temporal classes and OWL. In Proc. of Intl’ Workshop on OWL: Experiences and
Directions (OWLED, in conj. with ISWC), Chantilly, VA, October 2009. CEUR-WS.

[36] Sang-Kyun Kim and Kyu-Chul Lee. Trend analysis using a temporalweb ontology language in news
domains. In Proc. of Intl’ Conf. on Computer Software and Applications (COMPSAC), pages 131–136,
Beijing, China, July 2007. IEEE Computer Society Press, Los Alamitos, CA.

[37] Sang-Kyun Kim, Mi-Young Song, Chul Kim, Sang-Jun Yea, Hyunchul Jang, and Kyu-Chul Lee. Tem-
poral ontology language for representing and reasoning interval-based temporal knowledge. In Proc.
of Asian Semantic Web Conf. (ASWC), pages 31–45, Bangkok, Thailand, December 2008. LNCS Vol.
5367, Springer-Verlag, Berlin, Germany.

[38] Pavel Kocura. Representing temporal ontology in conceptual graphs. In Proc. of Intl’ Conf. on Con-
ceptual Structures (ICCS), pages 174–187, Dresden, Germany, July 2003. LNCS Vol. 2746, Springer-
Verlag, Berlin, Germany.

[39] Hans-Ulrich Krieger. A general methodology for equipping ontologies with time. In Proc. of Intl’
Conf. on Language Resources and Evaluation (LREC), Valletta, Malta, May 2010. ELRA, Paris,
France.

[40] Hans-Ulrich Krieger, Bernd Kiefer, and Thierry Declerck. A framework for temporal representation
and reasoning in business intelligence applications. In Proc. of AAAI Spring Symposium: AI Meets
Business Rules and Process Management, pages 59–70, Stanford, CA, March 2008. AAAI Press,
Menlo Park, CA.

[41] Nuno Lopes, Gergely Lukácsy, Axel Polleres, Umberto Straccia, and Antoine Zimmermann. A general
framework for representing, reasoning and querying with annotated semantic web data. Technical
Report DERI-TR-2010-03-29, Digital Enterprise Research Institute, Galway, Ireland, 2010.

[42] Nuno Lopes, Axel Polleres, Umberto Straccia, and Antoine Zimmermann. AnQL: SPARQLing Up
Annotated RDFS. In Proc. of Intl’ Semantic Web Conf. (ISWC) - Part I, pages 518–533, Shanghai,
China, November 2010. CCIS Vol. 118, Springer-Verlag, Heidelberg, Germany.

[43] Nadeem Mahmood, S. M. Aqil Burney, Syed Asim Ali, Kashif Rizwan, and Syed Abdul Khaliq Bari.
Fuzzy-temporal database ontology and relational database model. In Proc. of Intl’ Conf. on Fuzzy
Systems and Knowledge Discovery (FSKD), pages 573–577, Chongqing, China, May 2012. IEEE
Computer Society Press, Los Alamitos, CA.

[44] Xenia Makri. 4D-Fluents Plug-In: A Tool for Handling Temporal Ontologies in Protégé. Master’s
thesis, Dept. of Electonic and Computer Engineering, Technical University of Crete, 2011.

[45] Geetha Manjunath, Ramamurthy Badrinath, Craig Sayers, and K. S. Venugopal. Temporal views over
RDF data (poster). In Proc. of Intl’ Conf. on World Wide Web (WWW), pages 1131–1132, Beijing,
China, April 2008. ACM Press, New York, NY.
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[46] Nikos Maris. A reasoner for querying temporal ontologies. Master’s thesis, Dept. of Electonic and
Computer Engineering, Technical University of Crete, 2009.

[47] Kamil Matousek, Matrin Falc, and Zdenek Kouba. Extending temporal ontology with uncertain his-
torical time. Computing and Informatics, 26(3):239–254, 2007.

[48] Viorel Milea, Flavius Frasincar, and Uzay Kaymak. An OWL-based approach towards representing
time in web information systems. In Proc. of Belgian-Dutch Conf. on Artificial Intelligence (BNAIC),
pages 381–382, Utrecht, The Netherlands, November 2007.

[49] Viorel Milea, Flavius Frasincar, and Uzay Kaymak. The tOWL temporal web ontology language.
In Proc. of Belgian-Dutch Conf. on Artificial Intelligence (BNAIC), pages 343–344, Enschede, The
Netherlands, June 2008.

[50] Viorel Milea, Flavius Frasincar, and Uzay Kaymak. Knowledge engineering in a temporal semantic
web context. In Proc. of Intl’ Conf. on Web Engineering (ICWE), pages 65–74, Yorktown Heights,
NY, July 2008. IEEE Computer Society Press, Los Alamitos, CA.

[51] Viorel Milea, Flavius Frasincar, and Uzay Kaymak. Business process modeling in the tOWL language.
In Proc. of Dutch-Belgian Database Days (DBDBD), Namur, Belgium, October 2008.

[52] Viorel Milea, Flavius Frasincar, and Uzay Kaymak. tOWL: Integrating Time in OWL. In Semantic Web
Information Management - A Model-Based Perspective, chapter 11, pages 225–248. Springer-Verlag,
Heidelberg, Germany, 2010. Roberto De Virgilio, Fausto Giunchiglia, Letizia Tanca (Eds.).

[53] Viorel Milea, Flavius Frasincar, and Uzay Kaymak. tOWL: a temporal web ontology language. IEEE
Transactions on Systems, Man, and Cybernetics - Part B, 42(1):268–281, 2012.

[54] Viorel Milea, Flavius Frasincar, Uzay Kaymak, and Tommaso di Noia. An OWL-based approach
for representing time in web information systems. In Proc. of Intl’ Workshop on Web Information
Systems Modeling (WISM, in conj. with CAiSE), pages 164–178, Trondheim, Norway, June 2007.
Tapir Academic Press.

[55] Viorel Milea, Michael Mrissa, Kees van der Sluijs, and Uzay Kaymak. On temporal cardinality in
the context of the TOWL language. In Proc. of Intl’ Workshop on Web Information Systems Modeling
(WISM, in conj. with ER), pages 457–466, Barcelona, Spain, October 2008. LNCS Vol. 5232, Springer-
Verlag, Heidelberg, Germany.

[56] Boris Motik. Representing and querying validity time in RDF and OWL: A logic-based approach. In
Proc. of Intl’ Semantic Web Conf. (ISWC) - Revised Selected Papers, Part I, pages 550–565, Shanghai,
China, November 2010. LNCS Vol. 6496, Springer-Verlag, Heidelberg, Germany.

[57] Martin J. O’Connor and Amar K. Das. A lightweight model for representing and reasoning with tempo-
ral information in biomedical ontologies. In Proc. of Intl’ Conf. on Health Informatics (HEALTHINF),
pages 90–97, Valencia, Spain, January 2010. INSTICC Press, Setubal, Portugal.

[58] Martin J. O’Connor and Amar K. Das. A method for representing and querying temporal information
in OWL. In Biomedical Engineering Systems and Technologies, volume 127 of Communications in
Computer and Information Science, pages 97–110. Springer-Verlag, Heidelberg, Germany, 2011. Ana
Fred, Joaquim Filipe and Hugo Gamboa (Eds.).
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[59] Martin J. O’Connor, Ravi D. Shankar, and Amar K. Das. An ontology-driven mediator for querying
time-oriented biomedical data. In Proc. of IEEE Intl’ Symposium on Computer-Based Medical Systems
(CBMS), pages 264–269, Salt Lake City, UT, June 2006. IEEE Computer Society Press, Los Alamitos,
CA.

[60] Feng Pan and Jerry R. Hobbs. Temporal aggregates in OWL-Time. In Proc. of Florida Artificial
Intelligence Research Society Conf. (FLAIRS), pages 560–565, Clearwater Beach, FL, May 2005.
AAAI Press, New York, NY.

[61] Nikos Papadakis and Stavros Boutzas. A tool for ramification reasoning over temporal OWL knowl-
edge bases. Intl’ Journal of Knowledge-Based and Intelligent Engineering Systems, 14(3):159–182,
2010.

[62] Nikolaos Papadakis, Kostas Stravoskoufos, Evdoxios Baratis, Euripides G. M. Petrakis, and Dimitris
Plexousakis. PROTON: A Prolog Reasoner for Temporal ONtologies in OWL. Expert Systems With
Applications, 38(12):14660–14667, 2011.

[63] Practical Temporal Ontology Editor project Page. SemWebCentral, http://projects.semwebcentral.
org/projects/ptoeditor, 2012 [retrieved on July 1].

[64] Andrea Pugliese, Octavian Udrea, and V.S. Subrahmanian. Scaling RDF with time. In Proc. of Intl’
Conf. on World Wide Web (WWW), pages 605–614, Beijing, China, April 2008. ACM Press, New York.

[65] Jorge Santos, Luı́s Braga, and Anthony G. Cohn. Engineering time in an ontology for power systems
through the assembling of modular ontologies. In Proc. of Intl’ Conf. on Informatics in Control,
Automation and Robotics (ICINCO) - Vol. 1, pages 255–258, Funchal, Portugal, June 2010. INSTICC
Press, Setubal, Portugal.

[66] Jorge Santos and Steffen Staab. Engineering a complex ontology with time. In Proc. of Intl’ Joint
Conf. on Artificial Intelligence (IJCAI), pages 1406–1407, Acapulco, Mexico, August 2003. Morgan
Kaufmann, San Fransisco, CA.

[67] Nikos Sepetas. Restriction checking on OWL2: Temporal ontologies. Master’s thesis, Dept. of
Electonic and Computer Engineering, Technical University of Crete, 2011.

[68] Umberto Straccia, Nuno Lopes, Gergely Lukácsy, and Axel Polleres. A general framework for rep-
resenting and reasoning with annotated semantic web data. In Proc. of Intl’ Conf. on Artificial
Intelligence (AAAI), pages 1437–1142, Atlanta, GA, July 2010. AAAI Press, Menlo Park, CA.

[69] Fabian M. Suchanek, Gjergji Kasneci, and Gerhard Weikum. YAGO: a core of semantic knowledge.
In Proc. of Intl’ Conf. on World Wide Web (WWW), pages 697–706, Banff, Canada, May 2007. ACM
Press, New York, NY.

[70] Fabian M. Suchanek, Gjergji Kasneci, and Gerhard Weikum. YAGO: a large ontology from wikipedia
and wordnet. Journal of Web Semantics, 6(3):203–217, 2008.

[71] Yongxin Sun and Xisun Zhao. Dynamic linear time temporal description logics. In Proc. of WRI
Global Congress on Intelligent Systems (GCIS) - Vol. 3, pages 383–391, Wuhan, China, December
2010. IEEE Computer Society Press, Los Alamitos, CA.

[72] Jonas Tappolet and Abraham Bernstein. Applied temporal RDF: Efficient temporal querying of RDF
data with SPARQL. In Proc. of European Semantic Web Conf. (ESWC), pages 302–322, Heraklion,
Crete, May-June 2009. LNCS Vol. 5554, Springer-Verlag, Heidelberg, Germany.
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[73] Katrin Tomanek and Udo Hahn. Annotation time stamps - temporal metadata from the linguistic
annotation process. In Proc. of Intl’ Conf. on Language Resources and Evaluation (LREC), Valletta,
Malta, May 2010. ELRA, Paris, France.

[74] Octavian Udrea, Diego Reforgiato Recupero, and V.S. Subrahmanian. Annotated RDF. In Proc. of
European Semantic Web Conf. (ESWC), pages 487–501, Budva, Montenegro, June 2006. LNCS Vol.
4011, Springer-Verlag, Heidelberg, Germany.

[75] Octavian Udrea, Diego Reforgiato Recupero, and V.S. Subrahmanian. Annotated RDF. ACM Trans-
actions on Computational Logic, 11:10:1–10:41, 2010.

[76] Siarhei Bykau, John Mylopoulos, Flavio Rizzolo, and Yannis Velegrakis. On modeling and querying
concept evolution. Journal on Data Semantics, 1-new(1):31–55, 2012.

[77] Patrick West, Eric Rozell, Stephan Zednik, Peter Fox, and Deborah L. McGuinness. Semantically
enabled temporal reasoning in a virtual observatory. In Proc. of Intl’ Workshop on OWL: Experiences
and Directions (OWLED, in conj. with ISWC), Chantilly, VA, October 2009. CEUR-WS.

[78] Qi Zhang, Fabian M. Suchanek, Lihua Yue, and Gerhard Weikum. TOB: timely ontologies for busi-
ness relations. In Proc. of Intl’ Workshop on the Web and Databases (WebDB, in conj. with SIG-
MOD/PODS), pages 13:1–13:6, Vancouver, Canada, June 2008.

[79] Antoine Zimmermann, Nuno Lopes, Axel Polleres, and Umberto Straccia. A general framework for
representing, reasoning and querying with annotated semantic web data. Technical Report CoRR/abs/1103.1255,
arXiv, Cornell University, Ithaca, NY, 2011.

2.2 Spatio-temporal Extensions of Semantic Web

Among the papers belonging to the temporal extensions group, we can evidence a specific subset of 37
works dealing with time in addition to space dimensions in the Semantic Web. The addition of the space
dimension(s) is aimed at supporting spatio-temporal or geospatial knowledge representation and reasoning.

[1] Lamberto Ballan, Marco Bertini, Alberto Del Bimbo, and Giuseppe Serra. Semantic annotation of
soccer videos by visual instance clustering and spatial/temporal reasoning in ontologies. Multimedia
Tools and Applications, 48(2):313–337, 2010.

[2] Sotiris Batsakis and Euripides G.M. Petrakis. SOWL: spatio-temporal representation, reasoning and
querying over the semantic web. In Proc. of Intl’ Conf. on Semantic Systems (I-SEMANTICS), Graz,
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2.4 Towards an Ontology of Time and Space
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3 Evolution and Versioning Aspects

In the second main group of collected references we put the studies devoted to dynamic aspects in the realm
of Semantic Web without an explicit interest in time and temporal aspects involved in the evolution. In
this collection of 428 papers, we can make a main partition between papers dealing with evolution aspects
(from Sec. 3.1 to Sec. 3.4) and papers dealing with versioning issues (in Sec. 3.5). In this respect, we
follow the conceptual distinction between evolution and versioning formalized in the temporal database field
[JDB+98] for the maintenance of a database schema [Rod09a, Rod09b]. Hence, considering for instance
the management of an ontology in the Semantic Web, to support evolution means to permit modifications of
the ontology and adaptation of the related resources without requiring maintenance of the previous versions
(i.e., the changes are effected by overwriting modified elements and deletions are destructive). On the
other hand, supporting versioning means to permit modifications while retaining the previous versions. The
maintenance of the whole modification history of the ontology through all its subsequent versions is aimed
at continuing the support of legacy applications developed to work with one of the past versions, which is
an important requirement in some application fields (e.g., in the legal domain).

The partition of papers dealing with evolution aspects is the most crowded section of the whole bibli-
ography, with a total number of 371 papers. Most of them actually consider evolution of ontologies, even if
evolution support for other kinds of Semantic Web resources (e.g., services) has sometimes been considered.
In order to highlight the papers dealing with more specific aspects in the context of evolution, we made sep-
arate groups of papers specifically dealing with formalization and execution of changes (in Sec. 3.2), design
and implementation of editors (in Sec. 3.3) and detection and reasoning about changes (in Sec. 3.4).

3.1 Evolution Issues

In this subsection, all the papers generically dealing with evolution of ontologies and Semantic Web re-
sources find place. Although more specific references have been excerpted in subsections from 3.2 to 3.3,
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2 ontologies. In Proc. of Intl’ Workshop on OWL: Experiences and Directions (OWLED, in conj. with
ISWC), Chantilly, VA, October 2009. CEUR-WS.

[42] Marcio Ribeiro and Renata Wassermann. More about AGM revision in Description Logic. In Intl’
Workshop on Automated Reasoning about Context and Ontology Evolution (ARCOE, in conj. with
ECAI), pages 7–8, Lisbon, Portugal, August 2010.

[43] Delia Rogozan and Gilbert Paquette. Managing ontology changes on the semantic web. In Proc. of
IEEE/WIC/ACM Intl’ Conf. on Web Intelligence (WI), pages 430–433, Compiegne, France, September
2005. IEEE Computer Society Press, Los Alamitos, CA.

39



[44] Anny Kartika Sari and J. Wenny Rahayu. A methodology for change propagation in health ontology.
In Proc. of Pacific Asia Conf. on Information Systems (PACIS), page 161, Brisbane, Australia, July
2011. Queensland University of Technology.

[45] Najla Sassi, Wassim Jaziri, and Faı̈ez Gargouri. Z-based formalization of kits of changes to maintain
ontology consistency. In Proc. of Intl’ Conf. on Knowledge Engineering and Ontology Development
(KEOD), pages 388–391, Madeira, Portugal, October 2009. INSTICC Press, Setubal, Portugal.

[46] Simon Schenk, Renata Queiroz Dividino, and Steffen Staab. Using provenance to debug changing
ontologies. Journal of Web Semantics, 9(3):284–298, 2011.

[47] Julian Seidenberg and Alan L. Rector. A methodology for asynchronous multi-user editing of semantic
web ontologies. In Proc. of Intl’ Conf. on Knowledge Capture (K-CAP), pages 127–134, Whistler,
Canada, October 2007. ACM Press, New York, NY.

[48] Arash Shaban-Nejad and Volker Haarslev. Incremental biomedical ontology change management
through learning agents. In Proc. of Intl’ Symposium on Agent and Multi-Agent Systems: Technologies
and Applications (KES-AMSTA), pages 526–535, Incheon, South Korea, March 2008. LNCS Vol.
4953, Springer-Verlag, Heidelberg, Germany.

[49] Arash Shaban-Nejad and Volker Haarslev. Bio-medical ontologies maintenance and change man-
agement. In Biomedical Data and Applications, pages 143–168. SCI Vol. 224, Springer-Verlag,
Heidelberg, Germany, 2009. Amandeep S. Sidhu and Tharam S. Dillon (Eds.).

[50] Arash Shaban-Nejad and Volker Haarslev. An enhanced graph-oriented approach for change manage-
ment in distributed biomedical ontologies and linked data. In Proc. of Intl’ Workshop on Biomedical
and Health Informatics (BHI, in conj. with BIBMW), pages 615–622, Atlanta, GA, November 2011.
IEEE Computer Society Press, Los Alamitos, CA.

[51] Thomas Sindt. Formal operations for ontology evolution. In Proc. of Intl’ Conf. on Emerging
Technologies (ICET), Minneapolis, MN, August 2003.

[52] Soumaya Slimani, Karim Baı̈na, Salah Baı̈na, Martin Henkel, and Erik Perjons. An ontology change
management system - an experiment on a health care case study. In Proc. of Intl’ Conf. on Knowl-
edge Engineering and Ontology Development (KEOD), pages 449–452, Valencia, Spain, October 2010.
SciTePress.

[53] SPARQL/Update. W3C Consortium, http://www.w3.org/Submission/SPARQL-Update/,
2012 [retrieved on July 1].

[54] Ljiljana Stojanovic, Andreas Abecker, Nenad Stojanovic, and Rudi Studer. On managing changes
in the ontology-based E-government. In Proc. of On the Move to Meaningful Internet Systems -
Confederated Intl’ Conf. (OTM) - Part 2, pages 1080–=1097, Agia Napa, Cyprus, October 2004.
LNCS Vol. 3291, Springer-Verlag, Heidelberg, Germany.

[55] Heiner Stuckenschmidt and Michel C.A. Klein. Integrity and change in modular ontologies. In Proc.
of Intl’ Joint Conf. on Artificial Intelligence (IJCAI), pages 900–908, Acapulco, Mexico, August 2003.
Morgan Kaufmann, San Fransisco, CA.

[56] Heiner Stuckenschmidt and Michel C.A. Klein. Reasoning and change management in modular on-
tologies. Data & Knowledge Engineering, 63(2):200–223, 2007.

40



[57] Michal Tury. Identification and management of ontology changes. Master’s thesis, Slovak University
of Technology, Bratislava, Slovakia, 2005.

[58] Toshihiro Uchibayashi, Bernady O. Apduhan, J. Wenny Rahayu, and Norio Shiratori. A grid applica-
tion service framework for extracted sub-ontology update. In Proc. of Intl’ Conf. on on Information
Integration and Web-based Applications Services (iiWAS), pages 849–852, Paris, France, November
2010. ACM Press, New York, NY.

[59] Meiling Wang, Longfei Jin, and Lei Liu. A description method of ontology change management using
Pi-Calculus. In Proc. of Intl’ Conf. on Knowledge Science, Engineering and Management (KSEM),
pages 477–489, Guilin, China, August 2006. LNCS Vol. 4092, Springer-Verlag, Berlin, Germany.

[60] Meiling Wang and Lei Liu. A Pi-Calculus based ontology change management. In Proc. of Asian
Semantic Web Conf. (ASWC), pages 632–638, Beijing, China, September 2006. LNCS Vol. 4185,
Springer-Verlag, Berlin, Germany.

[61] Yucheng M. Zhan. Updating RDF. In Proc. of Rensselaer Hartford Annual Computer Science Con-
ference, Troy, NY, April 2005.

3.3 Editors for Semantic Web

Conceptually belonging to the evolution group, we made a separate list in this subsection for the papers
describing the design, implementation and usage functionalities of editors for the Semantic Web. Such list
consists of the collection of 47 entries which which follows. In particular, nearly all describe ontology
editors.
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D’Almeida Jr., Bruno Kinder Almentero, Rodrigo Castilho, and Bernardo Miranda. COE: a col-
laborative ontology editor based on a peer-to-peer framework. Advanced Engineering Informatics,
19(2):113–121, 2005.

[47] Hong-fei Zhan, Xin-jian Gu, and Guo-ning Qi. Design of a collaborative ontology editing system for
enterprise process integration. In Proc. of IFIP Intl’ Conf. on Network and Parallel Computing (NPC),
pages 412–417, Shanghai, China, October 2008. IEEE Computer Society Press, Los Alamitos, CA.

3.4 Detection and Analysis of Changes

Another subset of papers dealing with management of changes in the context of Semantic Web evolution is
even more focused on change detection and analysis. In particular, several works are devoted to detection,
mining, reasoning and evaluation of ontology changes or of differences between ontology versions. The
resulting selection of 51 bibliographic entries follows.
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on evolving ontologies. In Proc. of IITA Intl’ Joint Conf. on Artificial Intelligence (JCAI), pages
136–139, Hainan Island, China, August 2009. IEEE Computer Society Press, Los Alamitos, CA.

[34] Yinglong Ma, Haijiang Wu, Xinyu Ma, Beihong Jin, Tao Huang, and Jun Wei. Stable cohesion metrics
for evolving ontologies. Journal of Software Maintenance and Evolution: Research and Practice,
23(5):343–359, 2011.

47
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3.5 Versioning Issues

This subsection is devoted to the 57 papers most specifically dealing with versioning and management of
multiple versions of resources (e.g., of ontologies and RDF graphs, in particular) in the Semantic Web.
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Sashi K. Gadia, Fabio Grandi, Pat Hayes, Sushil Jajodia, Wolfgang Käfer, Nick Kline, Nikos
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Systems, pages 2479–2481, 2009. Springer-Verlag, Heidelberg, Germany.

[Rod09b] John F. Roddick. Schema Versioning. In L. Liu and M. T. Özsu (Eds.), Encyclopedia of
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