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1 Introduction

Time is a pervasive dimension of reality as everything evolves as time elapses. Information systems and
applications at least mirror, and often have to capture, the time-varying and evolutionary nature of the
phenomena they model and the activities they support. This aspect has been acknowledged and long studied
in the field of temporal databases but it truly applies also to the World Wide Web, although it has not
seemingly considered as a primary issue yet. However, several papers addressing, in an explicit or implicit
way, the representation and management of time and change in the World Wide Web appeared recently
and, on some aspects, showed a clear upward trend in last months, witnessing a sustained and/or growing
interest.

The present bibliography reflects such interest by collecting the references concerning the handling
of time and evolution issues in World Wide Web research. This follows several fortunate bibliographies
on time-varying information, including seven ones on temporal databases (Bolour, Anderson, Dekeyser &
Wong,ACM SIGMOD Record12:3, 1983; McKenzie,ACM SIGMOD Record15:4, 1986; Stam & Snod-
grass,IEEE Database Engineering17:4, 1988; Soo,ACM SIGMOD Record20:1, 1991; Kline,ACM SIG-
MOD Record22:4, 1993; Tsotras & Kumar,ACM SIGMOD Record25:1, 1996; Wu, Jajodia & Sean Wang,
in Temporal Databases: Research and Practice, Springer LNCS 1399, 1998), two ones on spatio-temporal
databases (Al-Taha, Snodgrass & Soo,ACM SIGMOD Record22:1, 1993; Al-Taha, Snodgrass & Soo,
Intl’ Journal of Geographical Inf. Sys.8:1, 1994), two ones on spatio-temporal data mining (Roddick &
Spiliopoulou,ACM SIGKDD Explorations1:1, 1999; Roddick, Hornsby & Spiliopoulou,Proc. TSDM 2000
Intl’ Workshop, Springer LNCS 2007, 2000), one on schema evolution (Roddick,ACM SIGMOD Record
21:4, 1992), and one on (temporal) indeterminacy (Dyreson, inUncertainty Management in Information
Systems, Kluwer, 1996).

We apologize in advance (with the readers and especially with the authors) for anyerrors, misclassi-
fications andomissionsmay result from the collected entries. Additions, corrections and comments are
welcome.
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2 PAPERS

The references are organized into ten main sections, where they are further grouped by some similarity
criterion introduced by brief notes. Entries are listed in ascending chronological order within (sub)groups.

2.1 Transaction Time

Transaction time is the time some fact is current in a database, from when it is stored in the system to when
it is deleted. With respect to the Web, it represents the on-line availability and versioning of resources in a
Web site, even if they are not created by “transactions” in a strict sense. Although in several cited papers it
was called “valid time”, if it concerns the time Web documents are modified it is properly transaction time.

The first group of papers explicitly deals with transaction-time versioning of Web resources, which can
be selectively accessed, on user’s request, through a transaction-time aware temporal Web server.

[1] Tom Dalling, “Versioning of Web Resources”, Honour’s Thesis, James Cook University, Australia,
1998.

[2] Claudio Cristofori, Fabio Grandi, Federica Mandreoli, Maria Rita Scalas, “Management of Temporal
Versions of World Wide Web Resources along Transaction Time”, Technical Report, T6-R03,INTER-
DATA Project, 1998,(in Italian), http://www.difa.unibas.it/users/gmecca/interdata/ .

[3] Claudio Cristofori, “Temporal Extensions of the World Wide Web Technology”(in Italian), Master
Thesis, Faculty of Engineering, University of Bologna, Italy, 1999.

[4] Tony Allan, Gayle Allan, “Temporal and Version Extensions to XML and the W3C Document Object
Model” (Poster),Proc. of 8th Intl’ WWW Conf. (WWW8) – Posters, Toronto (May 1999), Ontario,
1999,http://www8.org/ .

[5] Curtis E. Dyreson, “Transaction-Time World-Wide Web (WWW) Server”, in The Dagstuhl Seminar
Researchers, “Summary of Current Work”, inTemporal Databases: Research and Practice, LNCS
Vol. 1399, Springer-Verlag, Heidelberg, p. 416, 1999.

[6] Stefan Zapf, Thomas Myrach, “A Prototype for the Support of Temporal Aspects of Web Adminis-
tration on the Basis of a Repository”(in German), Proc. of Workshop on Application of Concepts of
Temporal Data Management in Database Systems and World Wide Web (ZobIS)(in conj. with MobIS-
Fachtagung 2000), Siegen (October 2000), Germany, Gesellschaft für Informatik, Bonn, pp. 291–297,
2000.

[7] Curtis E. Dyreson, “Towards a Temporal World-Wide Web: A Transaction Time Web Server”,Proc. of
12th Australasian Database Conf. (ADC ’01), Gold Coast (January 2001), Australia, IEEE Computer
Society Press, Los Alamitos, pp. 169–175, 2001.

[8] Curtis E. Dyreson, “Observing Transaction-time Semantics with TTXPath”,Proc. of 2nd Intl’ Conf. on
Web Information Systems Engineering (WISE ’01) – Vol. 1, Main Program, Kyoto (December 2001),
Japan, IEEE Computer Society Press, Los Alamitos, pp. 193–202, 2001.

[9] Kjetil Nørvåg, “Temporal Query Operators in XML Databases”,Proc. of 17th ACM Symposium on
Applied Computing (SAC ’02), Madrid (March 2002), Spain, ACM Press, New York, pp. 402–406,
2002.

[10] Kjetil Nørvåg, “Algorithms for Temporal Query Operators in XML Databases”,Proc. of Workshop
on XML-Based Data Management (XMLDM’02)(in conj. with EDBT’2002), Prague (March 2002),
Czech Republic, LNCS Vol. 2490, Springer-Verlag, Heidelberg, pp. 169–183, 2002.
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[11] Lene Myklebust, Marit Limstrand, “Temporal XML Database”(in Norwegian), Master Thesis, Nor-
wegian University of Science and Technology, Trondheim, Norway, June 2002.

[12] Peter Buneman, Sanjeev Khanna, Keishi Tajima, Wang-Chiew Tan, “Archiving Scientific Data”,Proc.
of ACM Intl’ Conf. on Management of Data (SIGMOD 2002), Madison (June 2002), WI, ACM Press,
New York, pp. 1–12, 2002.

[13] Kjetil Nørvåg, “Design, Implementation, and Performance of the V2 Temporal Document Database
System”, Technical Report, IDI-TR-10/2002, Dept. of Computer and Information Science, Norwegian
University of Science and Technology, Trondheim, Norway, 2002.

[14] Kjetil Nørvåg, “Supporting Temporal Text-Containment Queries”, Technical Report, IDI-TR-11/2002,
Dept. of Computer and Information Science, Norwegian University of Science and Technology, Trond-
heim, Norway, 2002.

[15] Kjetil Nørvåg, “The V2 Temporal Document Database System” (Poster),Proc. of 12th Intl’ World
Wide Web Conf. – Posters (WWW 2003), Budapest (May 2003), Hungary, ACM Press, New York,
2003.

[16] Kjetil Nørvåg, “V2: A Database Approach to Temporal Document Management”,Proc. of 7th Intl’
Database Engineering and Applications Symposium (IDEAS 2003), Hong Kong (July 2003), China,
IEEE Computer Society Press, Los Alamitos, pp. 212–223, 2003.

[17] Kjetil Nørvåg, “Space-Efficient Support for Temporal Text Indexing in a Document Archive Context”
Proc. of 7th European Conf. on Research and Advanced Technology for Digital Libraries (ECDL
2003), Trondheim (August 2003), Norway, LNCS Vol. 2769, Springer-Verlag, Heidelberg, pp. 511–
522, 2003.

[18] Peter Buneman, Sanjeev Khanna, Keishi Tajima, Wang Chiew Tan, “Archiving Scientific Data”,ACM
Trans. on Database Systems, Vol. 29, No. 1, pp. 2–42, 2004.

[19] Kjetil Nørvåg, “Supporting Temporal Text-Containment Queries in Temporal Document Databases”,
Data & Knowledge Engineering, Vol. 49, No. 1, pp. 105–125, 2004.

[20] Curtis Dyreson, Hui-ling Lin, Yingxia Wang, “Managing Versions of Web Documents in a Transaction-
time Web Server”,Proc. of Intl’ Conf. on World Wide Web (WWW 2004), New York (to be held May
2004), NY.

[21] Fusheng Wang, Xing Zhou, Carlo Zaniolo, “Temporal Information Management Using XML” (Demo-
Poster),Proc. of 23rd Intl’ Conf. on Conceptual Modeling (ER 2004), Shanghai (November 2004),
China. LNCS Vol. 3288, Springer-Verlag, Heidelberg, pp. 858–859, 2004.

The second group of papers deals with temporal extensions of data models (e.g. OEM and XML) and query
languages for semistructured data. Since data versions are generated by updates (and without an explicit
management of time), the involved temporal dimension is obviously transaction time.

[22] Sudarshan S. Chawathe, Serge Abiteboul, Jennifer Widom, “Representing and Querying Changes in
Semistructured Data”,Proc. of Intl’ Conf. on Data Engineering (ICDE ’98), Orlando (February 1998),
FL, IEEE Computer Society Press, Los Alamitos, pp. 4–13, 1998.

[23] Sudarshan S. Chawathe, Serge Abiteboul, Jennifer Widom, “Managing Historical Semistructured Data”,
Theory and Practice of Object Systems, Vol. 5, No. 3, pp. 143–162, 1999.
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[24] Toshiyuki Amagasa, Masatoshi Yoshikawa, Shunsuke Uemura, “A Data Model for Temporal XML
Documents”,Proc. of 11th Intl’ Conf. on Database and Expert Systems Applications (DEXA 2000),
London (September 2000), England, LNCS Vol. 1873, Springer-Verlag, Heidelberg, pp. 334–344,
2000.

[25] Toshiyuki Amagasa, Masatoshi Yoshikawa and Shunsuke Uemura, “Realizing Temporal XML Repos-
itories using Temporal Relational Databases” (Poster),Proc. of Intl’ Symposium on Cooperative
Database Systems for Advanced Applications (CODAS ’01), Beijing (April 2001), China, pp. 63–67,
2001.

[26] Barbara Oliboni, Elisa Quintarelli, Letizia Tanca, “Temporal Aspects of Semistructured Data”,Proc. of
8th Intl’ Symposium on Temporal Representation and Reasoning (TIME-01), Cividale del Friuli (June
2001), Italy, IEEE Computer Society Press, Los Alamitos, pp. 119–127, 2001.

[27] Ernesto Damiani, Barbara Oliboni, Elisa Quintarelli, Letizia Tanca, “Temporal Aspects of Semistruc-
tured Data (Extended Abstract)”Proc. of Natl’ Conf. on Advanced Database Systems (SEBD ’01),
Venezia (June 2001), Italy, LCM Selecta, Milan, pp. 215–222, 2001.

[28] Elisa Quintarelli, “Model-Checking Based Data Retrieval: An Application to Semistructured and Tem-
poral Data” Ph.D. Thesis, Politecnico di Milano, Italy, 2002.

[29] Barbara Oliboni, Elisa Quintarelli, Letizia Tanca, “Model-Checking Techniques for Efficiently Query-
ing Semistructured Temporal Data”Proc. of Natl’ Conf. on Advanced Database Systems (SEBD ’02),
Portoferraio – Isola d’Elba (June 2002), Italy, Centro Stampa 2P, Florence, pp. 376–389, 2002.

[30] Yannis Stavrakas, Manolis Gergatsoulis, Christos Doulkeridis, Vassilis Zafeiris, “Accomodating Changes
in Semistructured Databases Using Multidimensional OEM”,Proc. of 6th East-European Conference
on Advances in Databases and Information Systems (ADBIS’2002), Bratislava (September 2002), Slo-
vakia. LNCS Vol. 2435, Springer-Verlag, Heidelberg, pp. 360–373, 2002.

[31] Kjetil Nørvåg, Marit Limstrand, Lene Myklebust, “TeXOR: Temporal XML Database on an Object-
Relational Database System”,Proc. of Perspectives of System Informatics (PSI’03), Novosibirsk (July
2003), Russia, 2003.

[32] Manolis Gergatsoulis, Yannis Stavrakas, “Representing Changes in XML Documents using Dimen-
sions”,Proc. of XML Database Symposium (XSym 2003)(in conj. with VLDB 2003), Berlin (Septem-
ber 2003), Germany, LNCS Vol. 2824, Springer-Verlag, Heidelberg, pp. 208–222, 2003.

[33] Manolis Gergatsoulis, Yannis Stavrakas, Christos Doulkeridis, Vassilis Zafeiris, “Representing and
Querying Histories of Semistructured Databases Using Multidimensional OEM”,Information Systems,
2003(in press).

2.2 Valid Time

Valid time is the time some fact is true in the real world. In the Web, it concerns the temporal validity of
the information carried by the contents of a Web resource. In the following group of papers, modeling and
management of historical Web documents is properly concerned.

[1] Fabio Grandi, Federica Mandreoli, Maria Rita Scalas, “Management of Temporal Versions of World
Wide Web Resources along Valid Time”, Technical Report, T6-R13,INTERDATA Project, 1999,(in
Italian), http://www.difa.unibas.it/users/gmecca/interdata/ .
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[2] Fabio Grandi, Federica Mandreoli, “The Valid Web: it’s Time to Go...”, Technical Report,TIMECEN-
TER TR-46, 1999,http://www.cs.auc.dk/research/DP/tdb/TimeCenter/ .

[3] Fabio Grandi, Federica Mandreoli, “The Valid Webc©”, Proc. of Software Demonstrations Track at the
EDBT’2000 Intl’ Conf., Konstanz (March 2000), Germany, pp. 31–32, 2000.

[4] Fabio Grandi, Federica Mandreoli, “An XML/XSL Infrastructure for Temporal Management of Doc-
uments and Data on the Web”(in Italian), Proc. of8th Natl’ Conf. on Advanced Database Systems
(SEBD 2000), L’Aquila (June 2000), Italy, University of L’Aquila, L’Aquila, pp. 227–240, 2000.

[5] Fabio Grandi, Federica Mandreoli, “The Valid Web: an XML/XSL Infrastructure for Temporal Man-
agement of Web Documents”, Proc. of1st Intl’ Conf. on Advances in Information Systems (AD-
VIS 2000), Izmir (September 2000), Turkey, LNCS Vol. 1909, Springer-Verlag, Heidelberg, pp. 294–
303, 2000.

[6] Fabio Grandi, Franco Niccolucci, “XML Technologies for the Representation and Management of
Spatiotemporal Information in Archaeology” (abstract),Proc. of 17th Intl’ CODATA Conf., Baveno
(October 2000), Italy, CODATA, Paris, pp. 39–41, 2000.

[7] Raymond K. Wong, Franky Lam, Mehmet A. Orgun, “Modelling and Manipulating Multidimensional
Data in Semistructured Databases”,World Wide Web, Vol. 4, No. 1–2, pp. 79–99, 2001.

[8] Theodoros Mitakos, Manolis Gergatsoulis, Yannis Stavrakas, Efstathios V. Ioannidis, ”Represent-
ing Time-Dependent Information in Multidimensional XML”,Journal of Computing and Information
Technology, Vol. 9, No. 3, pp. 233–238, 2001.

[9] Franky Lam, Raymond K. Wong, Mehmet A. Orgun, “Modelling and Manipulating Multidimensional
Data in Semistructured Databases”,Proc. of 7th Intl’ Conf. on Database Systems for Advanced Appli-
cations (DASFAA 2001), Hong Kong (April 2001), China, IEEE Computer Society Press, Los Alamitos,
pp. 14–21, 2001.

[10] Fabio Grandi, Federica Mandreoli, “Effective Representation and Efficient Encoding of Indeterminate
Dates”,Proc. of 8th Intl’ Symposium on Temporal Representation and Reasoning (TIME-01), Cividale
del Friuli (June 2001), Italy, IEEE Computer Society Press, Los Alamitos, pp. 164–169, 2001.

[11] Theodoros Mitakos, Manolis Gergatsoulis, Yannis Stavrakas, Efstathios V. Ioannidis, “Representing
Time-Dependent Information in Multidimensional XML”,Proc. of the 23rd Intl’ Conf. on Informa-
tion Technology Interfaces (ITI 2001), Pula (June 2001), Croatia, IEEE Computer Society Press, Los
Alamitos, pp. 111–116, 2001.

[12] Fabio Grandi, Maria Rita Scalas, “XML Representation and Management of Temporal Information
on the Web for Cultural Heritage Applications”,Proc. of Intl’ Conf. on Advances in Infrastructure
for Electronic Business, Education and Science on the Internet (SSGRR ’01), L’Aquila (August 2001),
Italy, SSGRR, ISBN:88-85280-61-7 (cd-rom), 2001.

[13] Fabio Grandi, Federica Mandreoli, “The “XML/Repett” Project: XML Encoding and Manipulation of
Temporal Information in Historical Text Sources”,Proc. of Intl’ Cultural Heritage Informatics Meeting
(ICHIM’01) – Volume 2, Short Papers / Posters and Demo, Milan (September 2001), Italy, Archives &
Museum Informatics, Pittsburgh, PA, pp. 243–252, 2001.

[14] Fabio Grandi, Federica Mandreoli, “XML Encoding and Management of Temporal Information in
Large Digitized Historical Sources”(in Italian), Proc. of 39th Annual Conf. of the Italian Society for
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Informatics and Computing (AICA ’01), Cernobbio (September 2001), Italy, AICA, Milan, pp. 89–100,
2001.

[15] Alexander Zipf, Sven Kr̈uger, “TGML - Extending GML by Temporal Constructs - A Proposal for a
Spatiotemporal Framework in XML”,Proc. of 9th ACM Intl’ Symposium on Advances in Geographical
Information Science (ACM-GIS 2001), Atlanta (November 2001), GA, ACM Press, New York, pp.
94–99, 2001.

[16] Rosalba Rossato, “MTGM: A Semistructured Data Model for Management of Multimedia and Tempo-
ral Information” (in Italian), Master Thesis, Faculty of Sciences, University of Verona, Verona, Italy,
2002.

[17] Fabio Grandi, “XML Representation and Management of Temporal Information for Web-based Cul-
tural Heritage Applications”,Data Science Journal, Vol. 1, No. 1, pp. 68–83, April 2002.

[18] Fusheng Wang, Carlo Zaniolo, “Preserving and Querying Histories of XML-Published Relational
Databases”,Proc. of 2nd Intl’ Workshop on Evolution and Change in Data Management (ECDM
2002)(in conj. with ER 2002), Tampere (October 2002), Finland, 2002, pp. 26–38.

[19] Shuohao Zhang and Curtis E. Dyreson, “Adding Valid Time to XPath”,Proc. of 2nd Intl’ Workshop on
Databases in Networked Information Systems (DNIS 2002), Aizu (December 2002), Japan, LNCS Vol.
2544, Springer-Verlag, Heidelberg, pp. 29–42, 2002.

[20] Dengfeng Gao, Richard T. Snodgrass, “Syntax, Semantics, and Query Evaluation of theτXQuery
Temporal XML Query Language”, Technical Report,TIMECENTER TR-72, 2003,http://www.
cs.auc.dk/research/DP/tdb/TimeCenter/ .

[21] Haitao Liu, “τDOM: A Time-Aware API for Managing Temporal XML Documents”, Technical Report,
TIMECENTER TR-74, 2003,http://www.cs.auc.dk/research/DP/tdb/TimeCenter/ .

[22] Carlo Combi, Barbara Oliboni, Elisa Quintarelli, “A Unified Model for Semistructured Temporal Data
(Extended Abstract)”,Proc. of Natl’ Conf. on Advanced Database Systems (SEBD 2003), Cetraro
(June 2003), Italy, Rubbettino, Soveria Mannelli, pp. 161–168, 2003.

[23] Fusheng Wang, Carlo Zaniolo, “Temporal Queries in XML Document Archives and Web Warehouses”,
Proc. of 10th Intl’ Symposium on Temporal Representation and Reasoning (TIME-03), Cairns (July
2003), Queensland. IEEE Computer Society Press, Los Alamitos, pp. 47–55, 2003.

[24] Fusheng Wang, Carlo Zaniolo, “Representing and Querying the Evolution of Databases and their
Schemas in XML”,Proc. of 15th Intl’ Conf. on Software Engineering and Knowledge Engineering
(SEKE2003), San Francisco (July 2003), CA, Knowledge Systems Institute, Skokie, IL, 2003.

[25] Dengfeng Gao, Richard T. Snodgrass, “Temporal Slicing in the Evaluation of XML Queries”,Proc. of
29th Intl’ Conf. on Very Large Data Bases (VLDB’03), Berlin (September 2003), Germany, Morgan
Kaufmann, San Francisco, pp. 632–643, 2003.

[26] Carlo Combi, Barbara Oliboni, Rosalba Rossato, “Modeling Multimedia and Temporal Aspects of
Semistructured Clinical Data”,Proc. of 9th Conf. on Artificial Intelligence in Medicine Europe (AIME
2003), Cyprus (October 2003), Greece, LNAI Vol. 2780, Springer-Verlag, Heidelberg, pp. 36–40,
2003.
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[27] Fusheng Wang, Carlo Zaniolo, “Publishing and Querying the Histories of Archived Relational Databases
in XML”, Proc. of 4th Intl’ Conf. on Web Information Systems Engineering (WISE ’03), Rome (De-
cember 2003), Italy, IEEE Computer Society Press, Los Alamitos, pp. 93–102, 2003.

[28] François Bry, Bernhard Lorenz, Hans Jürgen Ohlbach, Stephanie Spranger, “On Reasoning on Time
and Location on the Web”,Proc. of Intl’ Workshop on Principles and Practice of Semantic Web Rea-
soning (PPSWR 2003)(in conj. with ICLP ’03), Mumbai (December 2003), India, LNCS Vol. 2901,
Springer-Verlag, Heidelberg, pp. 69–83, 2003.

[29] Carlo Combi, Sara Migliorini, Barbara Oliboni, Rosalba Rossato, “From Semi-structured Multimedia
Temporal Graphs to XML (Extended Abstract)”,Proc. of Natl’ Conf. on Advanced Database Systems
(SEBD 2004), S. Margherita di Pula (June 2004), Italy, LITHOSgrafiche, Cagliari, pp. 70–77, 2004.

[30] Paolo Atzeni and Pierlugi Del Nostro, “Towards the Managment of Time in Data-intensive Web Sites”,
Proc. of 3rd Intl’ Workshop on Evolution and Change in Data Management (ECDM 2004)(in conj.
with ER 2004), Shanghai (November 2004), China. LNCS Vol. 3289, Springer-Verlag, Heidelberg, pp.
390–401, 2004.

[31] The TAU Project Homepage,http://www.cs.arizona.edu/tau/ .

Several papers (e.g. in the humanities field), though not dealing with temporal data modeling and querying
in a strict sense, consider (valid) time as a useful annotation dimension. Some works are also mainly
concerned with extraction and visualization of temporal information available on the Web.

[32] Robin L. Kullberg, “Dynamic Timelines: Visualizing Historical Information in Three Dimensions”,
Master Thesis, MIT, Cambridge, MA, 1995.

[33] Robert B. Allen, “Timelines as Information System Interfaces”,Proc. of Intl’ Symposium on Digital
Libraries (ISDL ’95), Tsukuba (August 1995), Japan, University of Library and Information Science,
Tsukuba, Japan, pp. 175–180, 1995.

[34] Catherine Plaisant, Brett Milash, Anne Rose, Seth Widoff, Ben Shneiderman, “LifeLines: Visualizing
Personal Histories”,Proc. of ACM Intl’ Conf. on Human Factors and Computing Systems (CHI ’96),
Vancouver (April 1996), BC, pp. 221–227, 1996.

[35] Ido Dagan, Ronen Feldman, “Keyword-based Browsing and Analysis of Large Document Sets”,Proc.
of 5th Annual Symposium on Document Analysis and Information Retrieval (SDAIR’96), Las Vegas
(April 1996), NV, 1996.

[36] Gregory Crane, “The Perseus Project and Beyond: How Building a Digital Library Challenges the
Humanities and Technology”,D-Lib Magazine, Vol. 4, No. 1, January 1998,http://www.dlib.
org/ .

[37] Vijay Kumar, Richard Furuta, Robert B. Allen, “Metadata Visualization for Digital Libraries: Interac-
tive Timeline Editing and Review”,Proc. of 3rd ACM Intl’ Conf. on Digital Libraries (ACM DL ’98),
Pittsburgh (June 1998), PA, ACM Press, New York, pp. 126–133, 1998.

[38] Franco Niccolucci, Andrea Zorzi, Marianna Baldi, Fausto Carminati, Patrizia Salvatori, Tommaso
Zoppi, “Historical Text Encoding: an Experiment with XML on Repetti’s Historical Dictionary”,Proc.
Conf. of the Association for History and Computing - UK Branch (AHC-UK’99), London (September
1999), England, AHC-UK, 1999.
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[39] Russell C. Swan, James Allan, “Extracting Significant Time Varying Features from Text”,Proc. of 8th
ACM Intl’ Conf. on Information and Knowledge Management (CIKM ’99), Kansas City (November
1999), MO, ACM Press, New York, pp. 38–45, 1999.

[40] Robert B. Allen, John Schalow, “Metadata and Data Structures for the Historical Newspaper Digital
Library”, Proc. of 8th ACM Intl’ Conf. on Information and Knowledge Management (CIKM ’99),
Kansas City (November 1999), MO, ACM Press, New York, pp. 147–153, 1999.

[41] Anna Benvenuti, Franco Niccolucci, Sandra Baragli, Claudio Carpini, “Advances in XML Treatment
of Historical Documents”,History in a New Frontier – Proc. 13th Intl’ Conf. of the Association for
History and Computing (AHC’98), Toledo (July 1998), Spain, Castilla-La Mancha University Press,
Cuenca, 2000.

[42] Amy C. Smith, Jeffrey A. Rydberg-Cox, Gregory Crane, “The Perseus Project”: A Digital Library for
the Humanities”,Literary and Linguistic Computing, Vol. 15, No. 1, pp. 15–25, 2000.

[43] Diego Calvanese, Tiziana Catarci, Giuseppe Santucci, “Building a Digital Library of Newspaper Clip-
pings: The Laurin Project”,Proc. of IEEE Forum on Research and Technology Advances in Digital
Libraries (ADL 2000), Washington (May 2000), DC, IEEE Computer Society Press, Los Alamitos, pp.
15–26, 2000.

[44] Andrea Setzer, Robert J. Gaizauskas, “Building a Temporally Annotated Corpus for Information Ex-
traction”,Proc. of Workshop on Information Extraction Meets Corpus Linguistics(in conj. with LREC
2000), Athens (May 2000), Greece, 2000.

[45] Andrea Setzer, Robert J. Gaizauskas, “Annotating Events and Temporal Information in Newswire
Texts”, Proc. of 2nd Intl’ Conf. on Language Resources and Evaluation (LREC 2000), Athens (June
2000), Greece, 2000.

[46] Sônia Fernandes Silva, Tiziana Catarci, “Visualization of Linear Time-Oriented Data: A Survey”,Proc.
of 1st Intl’ Conf. on Web Information Systems Engineering (WISE 2000) – Volume I, Main Program,
Hong Kong (June 2000), China, IEEE Computer Society Press, Los Alamitos, pp. 310–319, 2000.

[47] Sherman S.-M. Chan, Qing Li, “VideoMAP∗: A Web-based Architecture for a Spatio-Temporal Video
Database Management System”,Proc. of 1st Intl’ Conf. on Web Information Systems Engineering
(WISE 2000) – Volume I, Main Program, Hong Kong (June 2000), China, IEEE Computer Society
Press, Los Alamitos, pp. 393–400, 2000.

[48] Gregory Crane, “Designing Documents to Enhance the Performance of Digital Libraries: Time, Space,
People and a Digital Library on London”,D-Lib Magazine, Vol. 6, No. 7–8, 2000,http://www.
dlib.org/ .

[49] Jeffrey A. Rydberg-Cox, Robert F. Chavez, David A. Smith, Anne Mahoney, Gregory R. Crane,
“Knowledge Management in the Perseus Digital Library”,Ariadne, No. 25, September 2000,http:
//www.aria dne.ac.uk/ .

[50] Gregory Crane, Brian Fuchs, Amy C. Smith, Clifford E. Wulfman, “The Symbiosis Between Content
and Technology in the Perseus Digital Library”,Cultivate Interactive, No. 2, October 2000,http:
//www.cultivate-int.org/issue2/perseus/ .

[51] Inderjeet Mani, George Wilson, “Robust Temporal Processing of News”,Proc. of 38th Annual Meeting
of the Association for Computational Linguistics (ACL 2000), Hong Kong (October 2000), China, 2000.
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[52] Diego Calvanese, Tiziana Catarci, Giuseppe Santucci, “LAURIN: A Distributed Digital Library of
Newspaper Clippings”,Proc. of Kyoto International Conference on Digital Libraries: Research and
Practice, Kyoto (November 2000), Japan, pp. 187–194, 2000.

[53] Andrea Setzer, “Temporal Information in Newswire Articles: An Annotation Scheme and Corpus
Study”, Ph.D. Thesis, Univeristy of Sheffield, UK, 2001.

[54] Diego Calvanese, Tiziana Catarci, Giuseppe Santucci, “LAURIN: A Distributed Digital Library of
Newspaper Clippings”,World Wide Web, Vol. 4, No. 1–2, pp. 5–20, 2001.

[55] Gregory Crane, David A. Smith, Clifford E. Wulfman, “Building a Hypertextual Digital Library in the
Humanities: A Case Study on London”,Proc. of ACM/IEEE Joint Conf. on Digital Libraries (JCDL
2001), Roanoke (June 2001), VA, ACM Press, New York, pp. 426–434, 2001.

[56] Michael G. Christel, “Accessing News Video Libraries through Dynamic Information Extraction, Sum-
marization, and Visualization”Proc. of 1st Intl’ Workshop on Visual Interfaces to Digital Libraries(in
conj. with JCDL ’01), Roanoke (June 2001), VA,http://vw.indiana.edu/visual01/ .

[57] Frank Schilder, Christopher Habel, “From Temporal Expressions To Temporal Information: Semantic
Tagging of News Messages”,Proc. of Workshop on Temporal and Spatial Information Processing(in
conj. with ACL 2001). Toulose (July 2001), France, pp. 65–72, 2001.

[58] Dolores Llid́o, Rafael Berlanga Llavori, Mara José Aramburu Cabo, “Extracting Temporal References
to Assign Document Event-Time Periods”,Proc. of 12th Intl’ Conf. on Database and Expert Systems
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– Demonstrations, Rome (September 2001), Italy, Morgan Kaufmann, San Francisco, pp. 711–712,
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[60] Jośe Luis Ambite, Craig A. Knoblock, Mohammad R. Kolahdouzan, Maria Muslea, Cyrus Shahabi,
Snehal Thakkar, “The WorldInfo Assistant: Spatio-Temporal Information Integration on the Web”,
Proc. of 27th Intl’ Conf. on Very Large Data Bases (VLDB’01) – Demonstrations, Rome (September
2001), Italy, Morgan Kaufmann, San Francisco, pp. 717–718, 2001.

[61] Carlos Monroy, “Augmenting Cognition through Information Visualization Using a Timeline Viewer”,
Masters of Computer Science Project Report, Texas A&M Univeristy, TX, 2002.

[62] Sônia Fernandes Silva, Tiziana Catarci, “Visualization of Linear Time-Oriented Data: A Survey”,
Journal of Applied System Studies(special issue on “WEB Information Systems Applications”), Vol.
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[63] Franco Niccolucci, “XML and the Future of Humanities Computing”,ACM SIGAPP Applied Comput-
ing Review(special issue on “First European Workshop on XML and Knowledge Management”), Vol.
10, No. 1, pp. 43–47, Spring 2002.

[64] Andrea Setzer, Robert J. Gaizauskas, “On the Importance of Annotating Temporal Event-Event Rela-
tions in Text”,Proc. of Intl’ Workshop on Annotation Standards for Temporal Information in Natural
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Support Preparation”,Proc. of 2nd ACM/IEEE Joint Conf. on Digital Libraries (JCDL ’02), Portland
(July 2002), OR, ACM Press, New York, pp. 199–200, 2002.

[66] Adrian Graham, Hector Garcia-Molina, Andreas Paepcke, Terry Winograd, “Time as Essence for Photo
Browsing through Personal Digital Libraries”,Proc. of 2nd ACM/IEEE Joint Conf. on Digital Libraries
(JCDL ’02), Portland (July 2002), OR, ACM Press, New York, pp. 326–335, 2002.
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Browsing”,Proc. of 2nd Intl’ Workshop on Visual Interfaces to Digital Libraries(in conj. with JCDL
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[70] Carlos Monroy, Richard Furuta, Enrique Mallen, “Visualizing and Exploring Picasso’s World”,Proc.
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A strictly related field concerns the addition of the (validity) temporal dimension to virtual environments
(e.g. temporal VRML extensions).

[74] D. Brent Henderson, H. Lawrence McKague, “Spatio-Temporal Visualization of Earthquake Hypocen-
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[75] Askan Striepe, Christian Quintus, Ingo Braun, Anja Kutzner, Andreas Knoche, Leonie Schäfer, Birgit
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2.3 Bitemporal (Transaction and Valid Time)

In the temporal database literature, bitemporal means transaction plus valid time data. Some papers address
both time dimensions also in the World Wide Web context. Additional time dimensions (e.g. user-defined
times) are also considered in some works.

[1] Fabio Grandi, Maria Rita Scalas, “Extending Temporal Database Concepts to the World Wide Web”,
Proc. of6th Natl’ Conf. on Advanced Database Systems (SEBD ’98), Portonovo (June 1998), Italy,
Miliani, Ancona, pp. 919–922, 1998.

11



[2] Fabio Grandi, Maria Rita Scalas, “Extending Temporal Database Concepts to the World Wide Web”, in
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poral Data Management in Database Systems and World Wide Web (ZobIS)(in conj. with MobIS-
Fachtagung 2000), Siegen (October 2000), Germany, Gesellschaft für Informatik, Bonn, pp. 283–290,
2000.

[6] Pierluigi Del Nostro, “The Temporal Component in the Development of Web Sites” (in Italian), Master
Thesis, Faculty of Engineering, University of Rome III, Italy, 2001.

[7] Diana Ballarin, “XML and Temporal Databases. Foundations and Research Lines” (in Italian), Master
Thesis, Faculty of Sciences, University of Udine, Udine, Italy, 2001.

[8] Gerhard F. Knolmayer, Thomas Myrach, “Concepts of Bitemporal Database Theory and the Evolution
of Web Documents”Proc. of 34th Annual Hawaii Intl’ Conf. on System Sciences (HICSS-34) – Track
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[13] Shuohao Zhang, “Temporal XML and Temporal Aggregates in XQuery”, Master Thesis, School of
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[14] Paolo Atzeni, “Time: A Coordinate for Web Site Modelling” (invited talk),Proc. of 6th East-European
Conference on Advances in Databases and Information Systems (ADBIS 2002), Bratislava (September
2002), Slovakia, LNCS Vol. 2435, Springer-Verlag, Heidelberg, pp. 1–7, 2002.

[15] Barbara Oliboni, “Blind Queries and Constraints: Representing Flexibility and Time in Semistructured
Data” Ph.D. Thesis, Politecnico di Milano, Italy, 2003.
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[16] Marco Bergonzini, “TeX System: A System for the Temporal Management of Normative Texts”(in
Italian), Master Thesis, Faculty of Engineering, University of Modena and Reggio Emilia, Italy, 2003.

[17] Fabio Grandi, Federica Mandreoli, Paolo Tiberio, Marco Bergonzini, “A Temporal Data Model and
System Architecture for the Management of Normative Texts (Extended Abstract)”,Proc. of Natl’
Conf. on Advanced Database Systems (SEBD 2003), Cetraro (June 2003), Italy, Rubbettino, Soveria
Mannelli, pp. 169–178, 2003.

[18] Carlo Combi, Barbara Oliboni, Elisa Quintarelli, “A Graph-Based Model for Semistructured Temporal
Data” (poster),Proc. of Intl’ Conf. on Ontologies, Databases and Applications of Semantics (ODBASE
2003)(part of the “On The Move to Meaningful Internet Systems – OTM 2003 Confederated Work-
shops), Catania (November 2003), Italy, LNCS Vol. 2889, Springer-Verlag, Heidelberg, pp. 22–23,
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[19] Fabio Grandi, Federica Mandreoli, Paolo Tiberio, Marco Bergonzini, “A Temporal Data Model and
Management System for Normative Texts in XML Format”,Proc. of 5th Intl’ Workshop on Web In-
formation and Data Management (WIDM 2003)(in conj. with CIKM 2003), New Orleans (November
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[21] Faiz Currim, Sabah Currim, Curtis Dyreson, Richard T. Snodgrass, “A Tale of Two Schemas: Creating
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Springer-Verlag, Heidelberg, pp. 348–365, 2004.
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2.4 Non-Temporal Versioning

Consistent research efforts have been devoted to the management of (non-temporal) resourceversionsover
the Web.

A first stream of research, where the main focus is on collaborative work and distributed document
authoring, is concerned with maintenance of versions as produced by sequences of modifications. The
implicit temporal dimension underlying the editing process (i.e. transaction time) is neglected.

[1] Cesare Maioli, Stefano Sola, Fabio Vitali, “Versioning for Distributed Hypertext Systems”,Proc. of
Hypermedia ’94, Pretoria (March 1994), South Africa, 1994.

[2] David G. Durand, Anja Haake, David Hicks, Fabio Vitali (eds.),Proceedings of the Workshop on
Versioning in Hypertext Systems(held in conj. with ACM European Conf. on Hypermedia Technol-
ogy - ECHT ’94, Edinburgh, Scotland, September 1994),http://cs-people.bu.edu/dgd/
workshop/ .
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1997.
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[9] E. James Whitehead Jr., Meredith Wiggins, “WEBDAV: IETF Standard for Collaborative Authoring on
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[12] Shu-Yao Chien, Vassilis J. Tsotras, Carlo Zaniolo, “A Comparative Study of Version Management
Schemes for XML Documents”, Technical Report,TIMECENTER TR-51, 2000,http://www.cs.
auc.dk/research/DP/tdb/TimeCenter/ .

[13] Shu-Yao Chien, Vassilis J. Tsotras, Carlo Zaniolo, “Version Management of XML Documents”,Proc.
of 3rd Intl’ Workshop on The World Wide Web and Databases (WebDB 2000) – Informal Proceedings
(in conj. with SIGMOD 2000), Dallas (May 2000), TX, pp. 75–80,http://www.research.
att.com/conf/webdb 2000/PAPERS/5c.ps .

[14] Shu-Yao Chien, Vassilis J. Tsotras, Carlo Zaniolo, “Version Management of XML Documents”,The
World Wide Web and Databases, Third International Workshop – Selected Papers, LNCS Vol. 1997,
Springer-Verlag, Heidelberg, pp. 184–200, 2001.

[15] Shu-Yao Chien, Vassilis J. Tsotras, Carlo Zaniolo, “XML Document Versioning”,SIGMOD Record,
Vol. 30, No. 3, pp. 46–53, 2001.

[16] Shu-Yao Chien, Vassilis J. Tsotras, Carlo Zaniolo, “Copy-Based versus Edit-Based Version Manage-
ment Schemes for Structured Documents”,Proc. of 11th Intl’ Workshop on Research Issues in Data
Engineering: Document Management for Data Intensive Business and Scientific Applications (RIDE-
DM ’01) (in conj. with ICDE ’01), Heidelberg (April 2001), Germany, IEEE Computer Society Press,
Los Alamitos, pp. 95–102, 2001.
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on Hypertext and Hypermedia (HT’01), Århus (August 2001), Denmark, ACM Press, New York, pp.
195–204, 2001.
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uments”,VLDB Journal, Vol. 11, No. 4, pp. 332–353, December 2002.

[26] Boualem Benatallah, Mehregan Mahdavi, Phuong Nguyen, Quan Z. Sheng, Lionel Port, Bill McIver,
“An Adaptive Document Version Management Scheme”,Proc. of 15th Intl’ Conf. on Advanced Infor-
mation Systems Engineering (CAiSE 2003), Klagenfurt/Velden (June 2003), Austria, LNCS Vol. 2681,
Springer-Verlag, Heidelberg, pp. 46–62, 2003.
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2004.

[28] Hyon Hee Kim, Seung-Soo Park: “A Semantics-Based Versioning Scheme for Multimedia Data”,Proc.
of 9th Intl’ Conf. on Database Systems for Advances Applications (DASFAA 2004)Jeju Island (March
2004), Korea, LNCS Vol. 2973, Springer-Verlag, Heidelberg, pp. 277–288, 2004.
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[30] Zografoula Vagena, Mirella M. Moro, Vassilis J. Tsotras, “Supporting Branched Versions on XML
Documents”,Proc. of 14th International Workshop on Research Issues on Data Engineering: Web Ser-
vices for E-Commerce and E-Government (RIDE-WS-ECEG 2004)(in conj. with ICDE ’04), Boston
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[35] Gord D. Brown, “Intensional HTML 2: A Practical Approach”, Master Thesis, Dept. of Computer
Science, University of Victoria, BC, 1998.

[36] Anne Br̈uggemann-Klein, Stefan Hermann, Derick Wood, “Context and Caterpillars and Structured
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2.5 Updates on the Web
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[2] Birgit Pröll, Heinrich Starck, Werner Retschitzegger, Harald Sighart, “Ready for Prime Time: Pre-
Generation of Web Pages in TIScover”,Proc. of 8th ACM Intl’ Conf. on Information and Knowledge
Management (CIKM ’99), Kansas City (November 1999), MO, ACM Press, New York, pp. 63–68,
1999.

[3] Budi Surjanto, Norbert Ritter, Henrik Loeser, “XML Content Management Based on Object-Relational
Database Technology”,Proc. of 1st Intl’ Conf. on Web Information Systems Engineering (WISE 2000)
– Volume I, Hong Kong (June 2000), China, IEEE Computer Society Press, Los Alamitos, pp. 70–79,
2000.

[4] Laurent Mignet, “Control of Changes of Semistructured Data”(in French), Ph.D. Thesis, CNAM, Paris,
France, 2001.

[5] Michael Schrefl, Elisabeth Kapsammer, Werner Retschitzegger, Birgit Pröll, “Self-Maintaining Web
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Web”, Proc. of ACM Intl’ Conf. on Management of Data (SIGMOD 2001), Santa Barbara (May 2001),
CA, ACM Press, New York, pp. 437–448, 2001.

[71] David Buttler, Ling Liu, Calton Pu, Henrique Paques, Wei Han, Wei Tang, “OminiSearch: a Method
for Searching Dynamic Content on the Web”,Proc. of ACM Intl’ Conf. on Management of Data
(SIGMOD 2001) – Demos, Santa Barbara (May 2001), CA, ACM Press, New York, p. 604, 2001.

[72] Robin La Fontaine, “A Delta Format for XML: Identifying Changes in XML Files and Representing the
Changes in XML”,Proc. of Intl’ Conf. XML Europe 2001, Berlin (May 2001), Germany, IDEAlliance,
Alexandria, 2001.

[73] Avigdor Gal, Jonathan Eckstein, “Managing Periodically Updated Data in Relational Databases: A
Stochastic Modeling Approach”,Journal of the ACM, Vol. 48, No. 6, pp. 1141–1183, 2001.

[74] Lipyeow Lim, Min Wang, Sriram Padmanabhan, Jeffrey Scott Vitter, Ramesh C. Agarwal, “Character-
izing Web Document Change”,Proc. of 2nd Intl’ Conf. on Web-Age Information Management (WAIM
2001), Xi’an (July 2001), China, LNCS Vol. 2118, Springer-Verlag, Heidelberg, pp. 133–144, 2001.

[75] Sergio Flesca, Filippo Furfaro, Elio Masciari, “Meaningful Change Detection on the Web”,Proc. of
12th Intl’ Conf. on Database and Expert Systems Applications (DEXA 2001), Munich (September
2001), Germany, LNCS Vol. 2113, Springer-Verlag, Heidelberg, pp. 22–31, 2001.

[76] Khoo Khyou Bun, Mitsuru Ishizuka, “Information Area Tracking and Changes Summarizing in WWW”,
Proc. of World Conf. on the WWW and Internet (WebNet 2001), Orlando (October 2001), FL, AACE,
Norfolk, VA, pp. 680–685, 2001.
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[115] Bernadette Farias Ĺoscio and Ana Carolina Salgado, “Evolution of XML-based Mediation Queries in
a Data Integration Systems”,Proc. of 3rd Intl’ Workshop on Evolution and Change in Data Manage-
ment (ECDM 2004)(in conj. with ER 2004), Shanghai (November 2004), China. LNCS Vol. 3289,
Springer-Verlag, Heidelberg, pp. 402–414, 2004.

2.6 Time in Web Warehousing

Several papers, including many from the previous section, deal with the management of (virtual) Web
warehouses or (materialized) views over semistructured data. Temporal aspects, either related to data mod-
ifications or to information contents, are often considered. These range from the (valid) time dimension
involved in multidimensional data modeling and OLAP, to security issues and maintenance of temporal
consistency of the information in the warehouse. Similar aspects are also involved in the maintenance of
dynamically generated Web pages.

[1] Dragomir R. Radev, “RENDEZVOUS: A WWW Synchronization System”,Proc. of 2nd World Wide
Web Conference (WWW2), Chicago (October 1994), IL, 1994,http://archive.ncsa.uiuc.
edu/SDG/IT94/IT94Info.html .

[2] Chengjie Liu, Pei Cao, “Maintaining Strong Cache Consistency in the World Wide Web”,Proc. of
17th Intl’ Conf. on Distributed Computing Systems (ICDCS ’97), Baltimore (May 1997), MA, IEEE
Computer Society Press, Los Alamitos, pp. 12–21, 1997.

[3] Lukas C. Faulstich, Myra Spiliopoulou, Volker Linnemann, “WIND: A Warehouse for Internet Data”,
Proc. 15th British Conf. on Databases (BNCOD ’97), London (July 1997), England, LNCS Vol. 1271,
Springer-Verlag, Heidelberg, pp. 169–183, 1997.

[4] Antonio Si, Hong Va Leong, “On Page Coherence for Dynamic HTML Pages” (Poster),Proc. of 2nd
ACM International Conference on Digital Libraries (DL ’97), Philadelphia (July 1997), PA, ACM
Press, New York, pp. 263–264, 1997.

[5] Gerhard Knolmayer, Thomas Buchberger, “Maintaining Temporal Integrity of World Wide Web Pages”,
Proc. of IFIP TC-11 Working Group 11.5 1st Working Conf. on Integrity and Internal Control in Infor-
mation Systems – Vol. 1: Increasing the Confidence in Information Systems, Zurich (December 1997),
Switzerland, IFIP 109, Kluwer Academic Publishers, Boston, pp. 43–63, 1997.

[6] Antonio Si, Hong Va Leong, Stanley M.T. Yau, “Maintaining Page Coherence for Dynamic HTML
Pages”,Proc. of 13th ACM symposium on Applied Computing (SAC ’98), Atlanta (February/March
1998), GA, ACM Press, New York, pp. 767–773, 1998.

28



[7] Pei Cao, Chengjie Liu, “Maintaining Strong Cache Consistency in the World Wide Web”,IEEE Trans.
on Computers, Vol. 47, No. 4, pp. 445–457, 1998.

[8] Arturo Crespo, Hector Garcia-Molina, “Archival Storage for Digital Libraries”,Proc. of 3rd ACM Intl’
Conf. on Digital Libraries (ACM DL ’98), Pittsburgh (June 1998), PA, ACM Press, New York, pp.
69–78, 1998.

[9] Serge Abiteboul, Jason McHugh, Michael Rys, Vasilis Vassalos, Janet L. Wiener, “Incremental Mainte-
nance for Materialized Views over Semistructured Data”,Proc. of 24rd Intl’ Conf. on Very Large Data
Bases (VLDB’98), New York (August 1998), Morgan Kaufmann, San Francisco, pp. 38–49, 1998.

[10] Lukas C. Faulstich, Myra Spiliopoulou, “Building HyperView Wrappers for Publisher Web-sites”,
Proc. of 2nd European Conf. on Digital Libraries (ECDL’98), Heraclion – Crete (September 1998),
Greece, LNCS Vol. 1513, Springer-Verlag, Heidelberg, pp. 115–134, 1998.

[11] Ken C. K. Lee, Hong Va Leong, Antonio Si, “Incremental Maintenance for Dynamic Database-Derived
HTML Pages in Digital Libraries”,Proc. of 7th ACM Intl’ Conf. on Information and Knowledge
Management (CIKM ’98), Bethesda (November 1998), MA, ACM Press, New York, pp. 20–29, 1998.

[12] Raghav Srinivasan, Chao Liang, Krithi Ramamritham, “Maintaining Temporal Coherency of Virtual
Data Warehouses”,Proc. of 19th IEEE Symposium on Real-Time Systems (RTSS’98), Madrid (Decem-
ber 1998), Spain, IEEE Computer Society Press, Los Alamitos, pp. 60–70, 1998.

[13] Serge Abiteboul, “On Views and XML”,Proc. of 18th ACM SIGACT-SIGMOD-SIGART Symposium
on Principles of Database Systems (PODS ’99), Philadelphia (June 1999), PA, ACM Press, New York,
pp. 1–9, 1999.

[14] Serge Abiteboul, Bernd Amann, Sophie Cluet, Adi Eyal, Laurent Mignet, Tova Milo, “Active Views
for Electronic Commerce”,Proc. of 25th Intl’ Conf. on Very Large Data Bases (VLDB’99), Edinburgh
(September 1999), Scotland , Morgan Kaufmann, San Francisco, pp. 138–149, 1999.
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[36] Jośe Borges, Mark Levene, “An Heuristic to Capture Longer User Web Navigation Patterns”,Proc. of
1st Intl’ Conf. on Electronic Commerce and Web Technologies (EC-Web 2000), London (September
2000), England, LNCS Vol. 1875, Springer-Verlag, Heidelberg, pp. 155–164, 2000.

[37] Jesper Andersen, Anders Giversen, Allan H. Jensen, Rune S. Larsen, Torben Bach Pedersen, and Janne
Skyt, “Analyzing Clickstreams Using Subsessions”,Proc. of 3rd ACM Intl’ Workshop on Data Ware-
housing and OLAP (DOLAP 2000), Washington (November 2000), DC, ACM Press, New York, pp.
25–32, 2000.

[38] Janne Skyt, “Analyzing Clickstreams Using Subsessions”, inSpecification-based Techniques for the
Reduction of Temporal and Multidimensional Data(Ch. 5), Ph.D. Thesis, Dept. of Computer Science,
Aalborg University, Denmark, 2001.

[39] Bruce J. McKenzie, Andy Cockburn, “An Empirical Analysis of Web Page Revisitation”,Proc. of 34th
Annual Hawaii Intl’ Conf. on System Sciences (HICSS-34) – Track 5, Maui (January 2001), Hawaii,
IEEE Computer Society Press, Los Alamitos, p. 5019, 2001.

[40] Charles X. Ling, Jianfeng Gao, Huajie Zhang, Weining Qian, HongJiang Zhang, “Mining Generalized
Query Patterns from Web Logs”,Proc. of 34th Annual Hawaii Intl’ Conf. on System Sciences (HICSS-
34) – Track 5, Maui (January 2001), Hawaii, IEEE Computer Society Press, Los Alamitos, p. 5020,
2001.

[41] Harry Hochheiser, Ben Shneiderman, “Using Interactive Visualizations of WWW Log Data to Char-
acterize Access Patterns and Inform Site Design”,Journal of the American Society for Information
Science and Technology, Vol. 52, No. 4, pp. 331–343, 2001.

[42] Jon Becher, Ron Kohavi, “E-Commerce and Clickstream Mining” (Tutorial),Proc. of 1st SIAM Intl’
Workshop on Web Mining (SDM ’01)(in conj. with SDM ’01), Chicago (April 2001), IL, SIAM,
Philadelphia, 2001.

[43] Bettina Berendt, Bamshad Mobasher, Myra Spiliopoulou, John Wiltshire, “Measuring the Accuracy of
Sessionizers for Web Usage Analysis”,Proc. of 1st SIAM Intl’ Workshop on Web Mining(in conj. with
SDM ’01), Chicago (April 2001), IL, SIAM, Philadelphia, pp. 7–14, 2001.
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[56] Paulo Batista, Ḿario J. Silva, “Mining Web Access Logs of an On-line Newspaper”,Proc. of 2nd Intl’
Workshop on Recommendation and Personalization in eCommerce (RPeC’02)(in conj. with AH 2002),
Malaga (May 2002), Spain, University of Malaga, 2002.

[57] Søren E. Jespersen, Jesper Thorhauge, Torben Bach Pedersen, “A Hybrid Approach to Web Usage
Mining”, Proc. of 4th Intl’ Conf. on Data Warehousing and Knowledge Discovery (DaWaK ’02), Aix-
en-Provence (September 2002), France, LNCS Vol. 2454, Springer-Verlag, Heidelberg, pp. 73–82,
2002.

[58] Devanshu Dhyani, Sourav S. Bhowmick, Wee Keong Ng, “Modelling and Predicting Web Page Ac-
cesses Using Burrell’s Model”,Proc. of 3rd Intl’ Conf. on E-Commerce and Web Technologies (EC-
Web 2002), Aix-en-Provence (September 2002), France, LNCS Vol. 2455, Springer-Verlag, Heidel-
berg, pp. 172–181, 2002.
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An online collection of articles concerning the history of the Web can be retrieved from the “Internet Soci-
ety” Web site at URL:http://www.isoc.org/internet/history/ .
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Dynamics”,Software Focus2:2, pp. 60–67, 2002. A special issue ofComputer Networks(Vol. 39, No. 3,
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Web site and service types.

[26] Paul Warren, Cornelia Boldyreff, Malcolm Munro, “The Evolution of Websites”,Proc. of 7th Intl’
Workshop on Program Comprehension, Pittsburgh (May 1999), PA, IEEE Computer Society Press,
Los Alamitos, pp. 178–185, 1999.

[27] Ed H. Chi, Stuart K. Card, “Sensemaking of Evolving Web Sites Using Visualization Spreadsheets”,
Proc. of IEEE Symposium on Information Visualization (InfoVis ’99), San Francisco (October 1999),
CA, IEEE Computer Society Press, Los Alamitos, pp. 18–27, 1999.
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In this list we must include the proceedings of a workshop series started in 1999, the “Intl’ Workshops
on Web Site Evolution (WSE)”, including: WSE’99 (Atlanta, GA, October 1999), WSE’2000 (Zurich,
Switzerland, March 2000), WSE’2001 (Florence, Italy, November 2001), WSE’2002 (Montreal, Quebec,
October 2002) and WSE’03 (Amsterdam, The Netherlands, September 2003). The 6th edition will be
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2.10 Other Time Aspects

Several efforts involve standardization of temporal expressions to be used on the Web (e.g. as metadata). For
instance, the issue has been addressed by the W3C Consortium, and is part of the XML-Schema datatype
definitions. Metadata carrying temporal information have also been considered in the TEI, Dublin Core,
MUC and EAD initiatives. In the Open Archives Initiative, (transaction-time)datestampsare used for
selective harvestingof metadata. A specialized markup language (TimeML) for temporal and event expres-
sions has also been developed.

[1] “Date and Time Formats”, W3C Consortium Note,http://www.w3.org/TR/NOTE-datetime .

[2] Nancy Chinchor, “MUC-7 Named Entity Task Definition”, September 1997,http://www.itl.
nist.gov/iaui/894.02/related_projects/muc/proceedings/ne_task.html

[3] C. Michael Sperberg-McQueen, “Regular Expression for Dates”,Markup Languages, Vol. 1, No. 4,
pp. 20–26, Fall 1999.

[4] Eric Howland, David Niergarth, “Regular Expressions for Checking Dates”,Markup Languages, Vol.
2, No. 2, pp. 126–132, Spring 2000.

[5] Tex Texin, “Understanding ISO 8601 Date and Time Formats”,Proc. of 18th Intl’ Unicode Conf.
(IUC18) (in conj. with WWW10), Hong Kong (April 2001), China,http://www.unicode.org/
iuc/iuc18/ .

[6] Graham Klyne, Chris Newman, “Date and Time on the Internet: Timestamps”, Network Working
Group, RFC 3339, July 2002,ftp://ftp.rfc-editor.org/in-no tes/rfc3339.txt .

[7] Stephanie Spranger, “Representation of Temporal Knowledge for Web-Based Applications ”(in Ger-
man), Diploma Thesis, Ludwig Maximilians University, Munich, Germany, 2002.
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Some multimedia Web resources have an intrinsic temporal dimension connected with the user’s fruition
of the resource itself. These include streaming video and music, animated presentations and so on. For the
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represent a world apart.
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time”, “virtual time”, etc).

[33] Rob Kitchin,Cyberspace: The World in the Wires, John Wiley & Sons, New York, 1998.

[34] Heejin Lee, Jonathan Liebenau, “Time and the Internet at the Turn of the Millennium”,Time & Society,
Vol. 9, No. 1, pp. 43–56, 2000.

3 Acknowledgments

This bibliography could not have been compiled (i.e. in reasonable time) without the existence and availabil-
ity of the World Wide Web and, in particular, without the Google search engine, the ACM Digital Library
and the IEEE Xplore service, and all the priceless information supplied by Michael Ley’s DBLP Computer
Science Bibliography and the NEC CiteSeer Research Index.

56


