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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 Record 23, 1983; McKenzieACM SIGMOD Record 5.4, 1986; Stam & Snod-
grass|EEE Database Engineering7:4, 1988; SO0ACM SIGMOD Recor@0:1, 1991; Kline,ACM SIG-

MOD Record22:4, 1993; Tsotras & KumaACM SIGMOD Recor@5:1, 1996; Wu, Jajodia & Sean Wang,
in Temporal Databases: Research and Pract8pringer LNCS 1399, 1998), two ones on spatio-temporal
databases (Al-Taha, Snodgrass & SA&@GM SIGMOD Record®21, 1993; Al-Taha, Snodgrass & Soo,
Intl" Journal of Geographical Inf. Sys8:1, 1994), two ones on spatio-temporal data mining (Roddick &
Spiliopoulou, ACM SIGKDD Exploration4:1, 1999; Roddick, Hornsby & SpiliopouloByoc. TSDM 2000
Int” Workshop Springer LNCS 2007, 2000), one on schema evolution (Rod&¢ciV SIGMOD Record
21:4, 1992), and one on (temporal) indeterminacy (DyresomJrigertainty Management in Information
SystemsKluwer, 1996).

We apologize in advance (with the readers and especially with the authors) ferrany, misclassi-
fications and omissionsmay result from the collected entries. Additions, corrections and comments are
welcome.



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, TA-NRGER-
DATA Project, 1998(in Italian), http://www.difa.unibas.it/users/gmecca/interdata/

[3] Claudio Cristofori, “Temporal Extensions of the World Wide Web Technolo@y"ltalian), 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 Int’ WWW Conf. (WWW8) — Postef®ronto (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”, Temporal Databases: Research and PractichlCS
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 Repositorgth German) Proc. of Workshop on Application of Concepts of
Temporal Data Management in Database Systems and World Wide Web (dolni&)j. with MoblS-
Fachtagung 2000), Siegen (October 2000), Germany, Gesellséhaftdrmatik, Bonn, pp. 291-297,
2000.

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

[8] Curtis E. Dyreson, “Observing Transaction-time Semantics with TTXP&tiot. of 2nd Intl’ Conf. on
Web Information Systems Engineering (WISE '01) — Vol. 1, Main Progkgmto (December 2001),
Japan, IEEE Computer Society Press, Los Alamitos, pp. 193-202, 2001.

[9] Kjetil Nagrvag, “Temporal Query Operators in XML DatabaseBipc. of 17th ACM Symposium on
Applied Computing (SAC '02Madrid (March 2002), Spain, ACM Press, New York, pp. 402—-406,
2002.

[10] Kjetil Ngrvag, “Algorithms for Temporal Query Operators in XML Databaséahc. of Workshop
on XML-Based Data Management (XMLDM'0@) 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 Databas@i 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 Paba’,
of ACM Intl' Conf. on Management of Data (SIGMOD 200&)adison (June 2002), WI, ACM Press,
New York, pp. 1-12, 2002.

[13] Kjetil Ngrvag, “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 Ngrvag, “The V2 Temporal Document Database System” (PosBog. of 12th Intl’ World
Wide Web Conf. — Posters (WWW 2Q0Bludapest (May 2003), Hungary, ACM Press, New York,
2003.

[15] Kjetil Narvag, “V2: A Database Approach to Temporal Document Managementt. of 7th Intl’
Database Engineering and Applications Symposium (IDEAS’2088)g Kong (July 2003), China,
IEEE Computer Society Press, Los Alamitos, pp. 212-223, 2003.

[16] Kjetil Ngrvag, “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 {o be heldAugust 2003), Norway.

[17] Kjetil Ngrvag, “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.

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.

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

[19] Sudarshan S. Chawathe, Serge Abiteboul, Jennifer Widom, “Managing Historical Semistructured Data”,
Theory and Practice of Object Systerwsl. 5, No. 3, pp. 143-162, 1999.

[20] Toshiyuki Amagasa, Masatoshi Yoshikawa, Shunsuke Uemura, “A Data Model for Temporal XML
Documents” Proc. of 11th IntlI' Conf. on Database and Expert Systems Applications (DEXA ,2000)
London (September 2000), England, LNCS Vol. 1873, Springer-Verlag, Heidelberg, pp. 334-344,
2000.

[21] Toshiyuki Amagasa, Masatoshi Yoshikawa and Shunsuke Uemura, “Realizing Temporal XML Repos-
itories using Temporal Relational Databases” (Posterpc. of Intl" Symposium on Cooperative
Database Systems for Advanced Applications (CODAS BAdi)ing (April 2001), China, pp. 63-67,
2001.

[22] Barbara Oliboni, Elisa Quintarelli, Letizia Tanca, “Temporal Aspects of Semistructured Paba’, of
8th Int’ Symposium on Temporal Representation and Reasoning (TIMES®1dale del Friuli (June
2001), ltaly, IEEE Computer Society Press, Los Alamitos, pp. 119-127, 2001.



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

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

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

[26] Yannis Stavrakas, Manolis Gergatsoulis, Christos Doulkeridis, Vassilis Zafeiris, “Accomodating Changes
in Semistructured Databases Using Multidimensional OBRic. of 6th East-European Conference
on Advances in Databases and Information Systems (ADBIS’ 2B@&)slava (September 2002), Slo-
vakia. LNCS Vol. 2435, Springer-Verlag, Heidelberg, pp. 360-373, 2002.

[27] Kjetil N@rvag, Marit Limstrand, Lene Myklebust, “TeXOR: Temporal XML Database on an Object-
Relational Database SystentProc. of Perspectives of System Informatics (PS|'0R)vosibirsk (July
2003), Russia, 2003.

[28] Manolis Gergatsoulis, Yannis Stavrakas, “Representing Changes in XML Documents using Dimen-
sions”, Proc. of XML Database Symposium (XSym 20@8xonj. with VLDB 2003), Berlin fo be
held September 2003), Germany.

[29] Manolis Gergatsoulis, Yannis Stavrakas, Christos Doulkeridis, Vassilis Zafeiris, “Representing and
Querying Histories of Semistructured Databases Using Multidimensional OlEMimation 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-RA3ERDATA Project, 1999(in
Italian), http://www.difa.unibas.it/users/gmecca/interdata/

[2] Fabio Grandi, Federica Mandreoli, “The Valid Web: it's Time to Go...”, Technical Repovtz CEN-
TER TR-46, 1999http://www.cs.auc.dk/research/DP/tdb/TimeCenter/

[3] Fabio Grandi, Federica Mandreoli, “The Valid W&B, 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 Wefih 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. bt 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” (abstra@pc. 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 Databaseaforid Wide Wep\vol. 4, No. 1-2, pp. 79-99, 2001.

[8] Theodoros Mitakos, Manolis Gergatsoulis, Yannis Stavrakas, Efstathios V. loannidis, "Represent-
ing Time-Dependent Information in Multidimensional XMLJpurnal of Computing and Information
TechnologyVol. 9, No. 3, pp. 233-238, 2001.

[9] Franky Lam, Raymond K. Wong, Mehmet A. Orgun, “Modelling and Manipulating Multidimensional
Data in Semistructured DatabaseBroc. of 7th Intl’ Conf. on Database Systems for Advanced Appli-
cations (DASFAA 2001Hong 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 (TIMEiQitlale
del Friuli (June 2001), Italy, IEEE Computer Society Press, Los Alamitos, pp. 164-169, 2001.

[11] Theodoros Mitakos, Manolis Gergatsoulis, Yannis Stavrakas, Efstathios V. loannidis, “Representing
Time-Dependent Information in Multidimensional XMLRroc. of the 23rd Intl’ Conf. on Informa-
tion Technology Interfaces (ITI 20Q1ula (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 ApplicationgProc. of Intl’ Conf. on Advances in Infrastructure
for Electronic Business, Education and Science on the Internet (SSGRR' Adyila (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 Source&%oc. of Intl’ Cultural Heritage Informatics Meeting
(ICHIM'01) — Volume 2, Short Papers / Posters and Deidan (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 Sourcegin Italian), Proc. of 39th Annual Conf. of the Italian Society for
Informatics and Computing (AICA '01Eernobbio (September 2001), Italy, AICA, Milan, pp. 89-100,
2001.

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

[16] Fabio Grandi, “XML Representation and Management of Temporal Information for Web-based Cul-
tural Heritage Applicationsata Science Journalol. 1, No. 1, pp. 68-83, April 2002.

[17] Fusheng Wang, Carlo Zaniolo, “Preserving and Querying Histories of XML-Published Relational
DatabasesProc. 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.



[18] Shuohao Zhang and Curtis E. Dyreson, “Adding Valid Time to XPa®ndc. of 2nd Intl’ Workshop on
Databases in Networked Information Systems (DNIS 2002y (December 2002), Japan, LNCS Vol.
2544, Springer-Verlag, Heidelberg, pp. 29-42, 2002.

[19] Dengfeng Gao, Richard T. Snodgrass, “Syntax, Semantics, and Query Evaluation7ofQlery
Temporal XML Query Language”, Technical RepoftmMECENTER TR-72, 2003 http://www.
cs.auc.dk/research/DP/tdb/TimeCenter/

[20] Carlo Combi, Barbara Oliboni, Elisa Quintarelli, “A Unified Model for Semistructured Temporal Data
(Extended Abstract)’Proc. of Natl' Conf. on Advanced Database Systems (SEBD 2@&jaro
(June 2003), Italy, Rubbettino, Soveria Mannelli, pp. 161-168, 2003.

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

[22] 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.

[23] Dengfeng Gao, Richard T. Snodgrass, “Temporal Slicing in the Evaluation of XML QuéPriex:, of
29th Intl’ Conf. on Very Large Data Bases (VLDB'Q®erlin (September 2003), Germany, Morgan
Kaufmann, San Francisco, pp. 632—-643, 2003.

[24] Carlo Combi, Barbara Oliboni, Rosalba Rossato, “Modeling Multimedia and Temporal Aspects of
Semistructured Clinical DataRroc. of 9th Conf. on Artificial Intelligence in Medicine Europe (AIME
2003) Cyprus {o be heldOctober 2003), Greece.

[25] Fusheng Wang, Carlo Zaniolo, “Publishing and Querying the Histories of Archived Relational Databases
in XML” Proc. of 4th IntlI' Conf. on Web Information Systems Engineering (WISE R@ne {o be
held December 2003), Italy.

[26] The TAU Project Homepagéitp://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.

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

[28] Robert B. Allen, “Timelines as Information System Interfacd®pc. of Intl’ Symposium on Digital
Libraries (ISDL '95) Tsukuba (August 1995), Japan, University of Library and Information Science,
Tsukuba, Japan, pp. 175-180, 1995.

[29] 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.

[30] Ido Dagan, Ronen Feldman, “Keyword-based Browsing and Analysis of Large Document3ets”,
of 5th Annual Symposium on Document Analysis and Information Retrieval (SDAIR&S5)egas
(April 1996), NV, 1996.



[31] Gregory Crane, “The Perseus Project and Beyond: How Building a Digital Library Challenges the
Humanities and TechnologyD-Lib Magazine Vol. 4, No. 1, January 199&ttp://www.dlib.
org/ .

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

[33] Franco Niccolucci, Andrea Zorzi, Marianna Baldi, Fausto Carminati, Patrizia Salvatori, Tommaso
Zoppi, “Historical Text Encoding: an Experiment with XML on Repetti’s Historical DictionaBrc.
Conf. of the Association for History and Computing - UK Branch (AHC-UK'@@&ndon (September
1999), England, AHC-UK, 1999.

[34] Russell C. Swan, James Allan, “Extracting Significant Time Varying Features from Rart?, of 8th
ACM Intl' Conf. on Information and Knowledge Management (CIKM ;9%ansas City (November
1999), MO, ACM Press, New York, pp. 38—-45, 1999.

[35] 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.

[36] 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.

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

[38] Diego Calvanese, Tiziana Catarci, Giuseppe Santucci, “Building a Digital Library of Newspaper Clip-
pings: The Laurin ProjectProc. 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.

[39] Sbnia Fernandes Silva, Tiziana Catarci, “Visualization of Linear Time-Oriented Data: A SuRm¢",
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.

[40] Sherman S.-M. Chan, Qing Li, “VideoMAP A Web-based Architecture for a Spatio-Temporal Video
Database Management SysterRipc. of 1st Intl' Conf. on Web Information Systems Engineering
(WISE 2000) — Volume I, Main Prograriong Kong (June 2000), China, IEEE Computer Society
Press, Los Alamitos, pp. 393—400, 2000.

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

[42] Jeffrey A. Rydberg-Cox, Robert F. Chavez, David A. Smith, Anne Mahoney, Gregory R. Crane,
“Knowledge Management in the Perseus Digital Libra#iiadne No. 25, September 20008itp:
/lIwww.aria dne.ac.uk/



[43] Gregory Crane, Brian Fuchs, Amy C. Smith, Clifford E. Wulfman, “The Symbiosis Between Content
and Technology in the Perseus Digital Librargultivate InteractiveNo. 2, October 200thttp:
Ilwww.cultivate-int.org/issue2/perseus/

[44] 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.

[45] Diego Calvanese, Tiziana Catarci, Giuseppe Santucci, “LAURIN: A Distributed Digital Library of
Newspaper Clippings’'World Wide Wep\Vol. 4, No. 1-2, pp. 5-20, 2001.

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

[47] Michael G. Christel, “Accessing News Video Libraries through Dynamic Information Extraction, Sum-
marization, and VisualizationProc. of 1st Intl’ Workshop on Visual Interfaces to Digital Librarigs
conj. with JCDL '01), Roanoke (June 2001), ttp://vw.indiana.edu/visual01/

[48] Dolores Llidd, Rafael Berlanga Llavori, Mara Jag.ramburu Cabo, “Extracting Temporal References
to Assign Document Event-Time Period#toc. of 12th Intl' Conf. on Database and Expert Systems
Applications (DEXA 2001)Munich (September 2001), Germany, LNCS Vol. 2113, Springer-Verlag,
Heidelberg, pp. 62-71, 2001.

[49] Giuseppe Sindoni, Leonardo Tininini, Amedea Ambrosetti, Cristina Bedeschi, Stefano De Francisci,
Orietta Gargano, Rossella Molinaro, Mario Paolucci, Paola Patteri, Pina Ticca, “SIT-IN: a Real-Life
Spatio-Temporal Information SystenProc. of 27th Intl’ Conf. on Very Large Data Bases (VLDB’01)

— DemonstrationsRome (September 2001), Italy, Morgan Kaufmann, San Francisco, pp. 711-712,
2001.

[50] Jo¢ 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 IntlI' Conf. on Very Large Data Bases (VLDB’'01) — DemonstraiBusne (September
2001), Italy, Morgan Kaufmann, San Francisco, pp. 717-718, 2001.

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

[52] Sénia Fernandes Silva, Tiziana Catarci, “Visualization of Linear Time-Oriented Data: A Survey”,
Journal of Applied System Studigspecial issue on “WEB Information Systems Applications”), Vol.
3, No. 2, 2002.

[53] Rajiv Kochumman, Carlos Monroy, Richard Furuta, Arpita Goenka, Eduardo Urbina, and Erendira
Melgoza, “Towards an Electronic Variorum Edition of Cervantes’ Don Quixote: Visualizations that
Support PreparationRroc. of 2nd ACM/IEEE Joint Conf. on Digital Libraries (JCDL 'QBortland
(July 2002), OR, ACM Press, New York, pp. 199-200, 2002.
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(e.g. temporal VRML extensions).

[60] D. Brent Henderson, H. Lawrence McKague, “Spatio-Temporal Visualization of Earthquake Hypocen-
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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
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[12] Sabrina De Capitani di Vimercati, “An Authorization Model for Temporal XML Documenisgc.
of 17th ACM Symposium on Applied Computing (SAC,'ddrid (March 2002), Spain, ACM Press,
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2.4 Non-Temporal Versioning

Consistent research efforts have been devoted to the management of (non-temporal) vessiorcver
the Web.
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1997.
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Schemes for XML Documents”, Technical RepdrtMe CENTER TR-51, 2000 http://www.cs.
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mation Systems Engineering (CAISE 20&3agenfurt/Velden (June 2003), Austria, LNCS Vol. 2681,
Springer-Verlag, Heidelberg, pp. 46—62, 2003.
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1999), MD, IEEE Computer Society Press, Los Alamitos, pp. 28-36, 1999.
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137-157, June 2000.
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Centric Applications Using WebML and the W3I3 Tool Suit®toc. of 2nd Intl' Workshop on the
World Wide Web and Conceptual Modeling (WCM20(08)conj. with ER 2000), Salt Lake City
(October 2000), Utah LNCS Vol. 1921, Springer-Verlag, Heidelberg, pp. 64-75, 2000.
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Centro Stampa 2P, Florence, pp. 73-86, 2002.
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[61] Vassilis Zafeiris, Christos Doulkeridis, Yannis Stavrakas, Manolis Gergatsoulis, "An Infrastructure
for Manipulating Multidimensional Semistructured Dat#roc. of 1st Hellenic Data Management
Symposium (HDMS 20023thens (July 2002), Greece, 2002.

[62] Donatella Castelli, Carlo Meghini, Pasquale Pagano, “Foundations of a Multidimensional Query Lan-
guage for Digital Libraries”Proc. of 6th European Conf. on Research and Advanced Technology for
Digital Libraries (ECDL 2002) Rome (September 2002), Italy, LNCS Vol. 2458, Springer-Verlag,
Heidelberg, pp. 251-265, 2002.

[63] Richard Furuta, Jin-Cheong Na, “Applying caT’s Programmable Browsing Semantics to Specify World-
Wide Web Documents that Reflect Place, Time, Reader, and Commuritc¢, of ACM Symposium
on Document Engineering (DocEng '0@h conj. with CIKM 2002), McLean (November 2002), VA,
2002.

[64] Moira C. Norrie, Alexios Palinginis, “From State to Structure: an XML Web Publishing Framework”
(Short Paper)Proc. of 15th Intl' Conf. on Advanced Information Systems Engineering (CAISE’'03)
Klagenfurt/Velden (June 2003), Austria, LNCS Vol. 2681, Springer-Verlag, Heidelberg, pp. 421-436,
2003.

[65] Moira C. Norrie, Alexios Palinginis, “Empowering Databases for Context-Dependent Information De-
livery”, Proc. of Ubiquitous Mobile Information and Collaboration Systems (UMICS 2@@3)on;.
with CAISE 2003), Klagenfurt/Velden (June 2003), Austria, 2003.

[66] Moira C. Norrie, Alexios Palinginis, “Versions for Context Dependent Information Servi¢ast.
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Federated Conferences” OTM '03), Catartalfe heldNovember 2003), Italy.
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(Vol. 45, No. 5, May 2002) anthostof the papers presented at a series of conferences/workshops started
in 2000, on ‘Adaptive Hypermedia and Adaptive Web-Based Systems, (idAEfuding: AH2000 (Trento,
Italy, August 2000), AH'2001 (Aarhus, Denmark, August 2001) and AH'2002 (Malaga, Spain, May 2002).
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UM’03 — Johnstown, PA, June 2003; HT'03 — Nottingham, UK, August 2003). As indirect reference, links
to the home pages and table of contents of the AH conferences can be found from the DBLP bibliography at
URL http://www.informatik.uni-trier.de/"ley/db/conf/ah/ . Proceedings have been
published so far by Springer-Verlag (LNCS 1892, LNCS 2266, LNCS 2347).

Other papers on adaptive techniques for Web personalization based on user profiling can also be found
at the end ofSec. 2.7

2.5 Updates on the Web

Several recent works are focused on the management of updates of Web resources like XML repositories.
No time dimension nor versioning is usually considered.

[1] Birgit Proll, Werner Retschitzegger, Harald Sighart, Heinrich Starck, “Ready for Prime Time: Pre-
Generation of Web Pages in TIScoveProc. of 3rd Intl’ Workshop on The World Wide Web and
Databases (WebDB 1999) — Informal Proceedifigsconj. with SIGMOD 1999), Philadelphia (June
1999), PA, pp. 67—7http://www-rocg.inria.fr/ cluet/ WEBDB/tiscover.ps

[2] Birgit Proll, Heinrich Starck, Werner Retschitzegger, Harald Sighart, “Ready for Prime Time: Pre-
Generation of Web Pages in TIScovePtoc. of 8th ACM Intl” Conf. on Information and Knowledge
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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 TechnologyPRroc. of 1st Intl' Conf. on Web Information Systems Engineering (WISE 2000)
— Volume | Hong Kong (June 2000), China, IEEE Computer Society Press, Los Alamitos, pp. 70-79,
2000.

[4] Laurent Mignet, “Control of Changes of Semistructured DétaFrench) Ph.D. Thesis, CNAM, Paris,
France, 2001.

[5] Michael Schrefl, Elisabeth Kapsammer, Werner Retschitzegger, Birgit Pelf-Maintaining Web
Pages - An Overview'Proc. of 12th Australasian Database Conf. (ADC '0Gpld Coast (January
2001), Australia, IEEE Computer Society Press, Los Alamitos, pp. 83—90, 2001.

[6] Torsten Grabs, Klemensd®m, Hans-drg Schek, “Scalable Distributed Query and Update Service
Implementations for XML Document Elementd?roc. 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. 35-42, 2001.

[7] lgor Tatarinov, Zachary G. Ives, Alon Y. Halevy, Daniel S. Weld, “Updating XMRfoc. of ACM Intl’
Conf. on Management of Data (SIGMOD 200$pnta Barbara (May 2001), CA, ACM Press, New
York, pp. 413-424, 2001.

[8] Amélie Marian, Serge Abiteboul, Gegory Cobena, Laurent Mignet, “Change-Centric Management
of Versions in an XML Warehouse”, Proc. @¥th Intl’ Conf. on Very Large Data Bases (VLDB '01)
Rome (September 2001), Italy, Morgan Kaufmann, San Francisco, pp. 581-590, 2001.

[9] Emmanuel Pietriga, Jean-Yves Vion-Dury, Vincent Quint, “VXT: A Visual Approach to XML Trans-
formations”,Proc. of 10th ACM Symposium on Document Engineering (DocEng(i@Xonj. with
CIKM 2001), Atlanta (November 2001), GA, ACM Press, New York, pp. 1-10, 2001.

[10] Raymond K. Wong, “The Extended XQL for Querying and Updating Large XML DatabaPest,
of ACM Symposium on Document Engineering (DocEng (@1xonj. with CIKM 2001), Atlanta
(November 2001), GA, ACM Press, New York, pp. 95-104, 2001.

[11] Maria Adriana V. L. Abg&o, Beatrice Bouchou, Mian Halfeld Ferrari Alves, Dominique Laurent,
“Updating XML Data: The Constraints PropagatioRtoc. of 6th Annual Meeting of the Ph.D. School
on Health, Science and Technolotgniversity of Tours, France, May 2002.

[12] Denio Duarte, Batrice Bouchou, Mian Halfeld Ferrari Alves, Dominique Laurent, “XML Views:
Update and Validation”Proc. of 6th Annual Meeting of the Ph.D. School on Health, Science and
TechnologyUniversity of Tours, France, May 2002.

[13] Raghav Kaushik, Philip Bohannon, Jeffrey F. Naughton, Pradeep Shenoy, “Updates for Structure In-
dexes”,Proc. of 28th Conference on Very Large Data Bases (VLDB 208@)g Kong (August 2002),
China, Morgan Kaufmann, San Francisco, pp. 239-250, 2002.

[14] Sang-Kyun Kim, Myungcheol Lee, and Kyu-Chul Lee, “Immediate and Partial Validation Mechanism
for the Conflict Resolution of Update Operations in XML Databas@stc. of 3rd Intl’ Conf. on
Web-Age Information Management (WAIM '0Beijing (August 2002), China, LNCS Vol. 2419,
Springer-Verlag, Heidelberg, pp. 387-396, 2002.
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[15] Bintou Kane, Hong Su, Elke A. Rundensteiner, “Consistently Updating XML Documents Using a
Incremental Constraint Check QuerieBtpc. of 2nd IntlI’ Workshop on Evolution and Change in Data
Management (ECDM 200Z)n conj. with ER 2002), Tampere (October 2002), Finland, 2002, pp.
39-50.

[16] Torsten Grabs, KlemensdBm, Hans-Org Schek, “XMLTM: Efficient Transaction Management for
XML Documents”, Proc. of 11th ACM IntlI' Conf. on Information and Knowledge Management
(CIKM 2002) McLean (November 2002), VA, ACM Press, New York, pp. 142-152, 2002.

[17] Franky Lam, Nicole Lam, Raymond K. Wong, “Efficient Synchronization for Mobile XML Data”,
Proc. of 11th ACM Intl’ Conf. on Information and Knowledge Management (CIKM 20@2).ean
(November 2002), VA, ACM Press, New York, pp. 153-160, 2002.

[18] Hong Su, Bintou Kane, Victor Chen, Cuong Diep, De Ming Guan, Jennifer Look, Elke A. Runden-
steiner, “A Lightweight Constraint Check Framework for Consistently Updating XML Documents”,
Proc. of 4th Int’ Workshop on Web Information and Data Management (WIDM 2(02pnj. with
CIKM 2002), McLean (November 2002), VA, ACM Press, New York, pp. 1-8, 2002.

[19] Béatrice Bouchou and Man Halfeld Ferrari Alves, “XML Dossiers and Update Operations: an Incre-
mental Validation Method”, Technical Report, N. 270, LI/Univezgite Tours, 2003.

[20] Li Lu, Guoren Wang, Mengchi Liu, “XML-RL Update LanguagePyoc. of 15th Intl' Conf. on Ad-
vanced Information Systems Engineering — Short papers (CAISE’03 Foklagenfurt/Velden (June
2003), Austria, University of Maribor Press, Maribor, Slovenia, pp. 1-4, 2003.

[21] Guoren Wang, Mengchi Liu, Li Lu, “Extending XML-RL with UpdateProc. of 7th Intl' Database
Engineering and Applications Symposium (IDEAS’2068)ng Kong (July 2003), China, IEEE Com-
puter Society Press, Los Alamitos, pp. 66—75, 2003.

[22] Torsten Grabs, Hansity Schek, “PowerDB-XML.: a Platform for Data-Centric and Document-Centric
XML Processing”,Proc. of XML Database Symposium (XSym 20@3)conj. with VLDB 2003),
Berlin (to be heldSeptember 2003), Germany.

[23] Béatrice Bouchou and Man Halfeld Ferrari Alves, “Updates and Incremental Validation of XML
Documents”Proc. of 9th Intl’ Workshop on Data Base Programming Languages (DBLPR&sdam
(to be heldSeptember 2003), Germany.

[24] Li Lu, Mengchi Liu, Guoren Wang, “A Declarative XML-RL Update LanguagBtpc. of 22nd Intl’
Conf. on Conceptual Modeling (ER200&hicago {o be heldOctober 2003), IL.

[25] The XML:DB XUpdate Working Group Homepadattp://www.xmldb.org/xupdate/
[26] The XML:DB SiXDML Working Group Homepagéttp://www.xmldb.org/sixdml/
[27] The Apache Xindice Homepadettp://xml.apache.org/xindice/

[28] The IBM DB2 XML Extender Homepagéttp://www-3.ibm.com/software/data/db2/
extenders/xmlext/

[29] The Oracle9i XML DB Homepagédnttp://otn.oracle.com/tech/xml/xmldb/

[30] The Sonic (formerly eXcelon) eXtensible Information Server Homepattye//www.sonicsoft
ware.com/products/additional_software/extensible_information_server/
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[31] The Tamino XML Server Homepaghitp://www.softwareag.com/tamino/
[32] The X-Hive/DB Homepagéehttp://www.xhive.com/
[33] The XMLGlobal GoXML DB Homepagehttp://www.xmlglobal.com/prod/db/

The last seven references concern commercial systems supporting native XML updates.
Several works specifically deal with the detection (and measurement) of changes in Internet/\Web re-
sources.

[34] Fred Douglis, Thomas Ball, “Tracking and Viewing Changes on the Weld¢. of USENIX Annual
Technical Conf.San Diego (January 1996), CA, USENIX, Berkeley, pp. 165-176, 1996.

[35] Thomas Ball, Fred Douglis, “An Internet Difference Engine and its ApplicatioRsj¢c. of 41st IEEE
Computer Society Intl' Conf. (COMPCON '96) — Digest of Pap&anta Clara (February 1996), CA,
IEEE Computer Society Press, Los Alamitos, pp. 71-76, 1996.

[36] Fred Douglis, Thomas Ball, Yih-Farn Chen, Eleftherios Koutsofios, “WebGUIDE: Querying and Nav-
igating Changes in Web Repositorie€pmputer Networksvol. 28. No. 7-11 (Proc. WWWS5), pp.
1335-1344, 1996.

[37] Elliot Berk, “HtmIDiff: A Differencing Tool for HTML Documents”, Student Project, COS 461,
Princeton University, December 1996.

[38] Fred Douglis, “Experiences with the AT&T Internet Difference Engine” (invited tatkic. of 22nd
Intl' Conf. for the Resource Management & Performance Evaluation of Enterprise Computing System
(CMG '96), San Diego (December 1996), CA, CMG, Turnersville, NJ, p. 10, 1996.

[39] David S. Rosenblum, Alexander L. Wolf, “A Design Framework for Internet-Scale Event Observation
and Notification”,Proc. of 6th European Conf. on Foundations of Software Engineering held jointly
with 5th ACM SIGSOFT Symposium on Software Enginegdadch (September 1997), Switzerland,
ACM Press, New York, pp. 344-360, 1997.

[40] Yih-Farn Chen, Eleftherios Koutsofios, “WebCiao: A Website Visualization and Tracking System”,
Proc. of World Conf. on the WWW and Internet (WebNet®ahonto (October 1997), Ontario, AACE,
Norfolk, VA, 1997.

[41] Fred Douglis, Anja Feldmann, Balachander Krishnamurthy, Jeffrey C. Mogul:, “Rate of Change and
Other Metrics: a Live Study of the World Wide WebProc. of USENIX Symposium on Internet
Technologies and Systems (USITS | M9nterey (December 1997), CA, USENIX, Berkeley, 1997.

[42] Fred Douglis, Thomas Ball, Yih-Farn Chen, Eleftherios Koutsofios, “The AT&T Internet Difference
Engine: Tracking and Viewing Changes on the Welgrld Wide WebVol. 1, No. 1, pp. 27-44 ,
1998.

[43] Calton Pu, Ling Liu, “Update Monitoring: The CQ project” (invited pap&hec. of 2nd Intl’ Conf. on
Worldwide Computing and Its Applications (WWCA '983ukuba (March 1998), Japan, LNCS Vol.
1368, Springer-Verlag, Heidelberg, pp 396—411, 1998.

[44] Ling Liu, Calton Pu, Wei Tang, Dave Buttler, John Biggs, Paul Benninghoff, Wei Han, Fenghua Yu,
“CQ: A Personalized Update Monitoring ToolkitProc. of ACM Intl’ Conf. on Management of Data
(SIGMOD '98) — DemonstrationsSeattle (June 1998), WA, ACM Press, New York, pp. 547-549,
1998.
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[45] Santi Saeyor, Mitsuru Ishizuka, “WebBeholder: A Revolution in Tracking and Viewing Changes on
The Web by Agent CommunityRroc. of World Conf. on the WWW and Internet (WebNet©@8gando
(October 1998), FL, AACE, Norfolk, VA, 1998.

[46] Ling Liu, Calton Pu, Wei Tang, “Conquer: A Continual Query System for Update Monitoring in the
WWW", Intl" Journal of Computer Systems, Science and Enginegliby 14, No. 2, pp. 99-112,
1999.

[47] Francisco Curbera, David A. Epstein, “Fast Differentiation and Update of XML D&t&t. of XML
Application Developers Conf. (XTech’9®Ban Jose (Mar 1999), CA, GCA/IDEAlliance, Alexandria,
VA, 1999.

[48] Santi Saeyor, Mitsuru Ishizuka, “Multi-modal Presentation of Changes in Web Repositéties. of
World Conf. on Educational Multimedia, Hypermedia & Telecommunications (ED-MEDIAZSttle
(June 1999), WA, AACE, Norfolk, VA, 1999.

[49] Santi Saeyor, Mitsuru Ishizuka, “Adaptive Changes Monitoring Service in Web Repositories Based on
Agent Games”Proc. of World Conf. on Educational Multimedia, Hypermedia and Telecommunica-
tions (ED-MEDIA'99) Seattle (June 1999), WA, AACE, Norfolk, VA, pp. 1589-1590, 1999.

[50] Santi Saeyor, Mitsuru Ishizuka, “Adaptive Service to Monitor Changes in Web Repositories Based on
Game Analysis"Proc. of 3rd World Multiconf. on Systemics, Cybernetic and Information and 5th Intl’
Conf. on Information Systems Analysis and Synthesis (SCI-ISAS'99) — Vol@rniando (July 1999),

FL, IS, Caracas, pp. 254-260, 1999.

[51] Santi Saeyor, Mitsuru Ishizuka, “Formation of Cooperative Behavior among Information Agents in
Web Repository Change Monitoring ServicEtpc. 3rd Intl’ Conf. on Cooperative Information Agents
(CIA "99), Uppsala (July 1999), Sweden, LNCS Vol. 1652, Springer-Verlag, Heidelberg, pp. 101-112,
1999.

[52] Ling Liu, Calton Pu, Wei Tang, “Continual Queries for Internet Scale Event-Driven Information De-
livery”, IEEE Trans. on Knowledge and Data Engineerisgecial issue on “Web Technology”), Vol.
11, No. 4, pp. 610-628, July/August 1999.

[53] Santi Saeyor, Mitsuru Ishizuka, “Cooperative Matchmaking of Requests Among Distributed Change
Monitoring Service Agents”Proc. 1999 IEEE Pacific Rim Conf. on Communications, Computers
and Signal Processing (PACRIM'9%ictoria (August 1999), BC, IEEE Press, Piscataway, NJ, pp.
266-269, 1999.

[54] Santi Saeyor, Mitsuru Ishizuka, “Multi-modal Presentation of Changes in Web Repositéties. of
World Conf. on the WWW and Internet (WebNet99) — Volumdaoholulu (October 1999), Hawaii,
AACE, Norfolk, VA, pp. 544-549, 1999.

[55] Carsten Lanquillon, Ingrid Renz, “Adaptive Information Filtering: Detecting Changes in Text Streams”,
Proc. of 8th ACM Intl' Conf. on Information and Knowledge Management (CIKM, 'B@nsas City
(November 1999), MO, ACM Press, New York, pp. 538-544, 1999.

[56] Ling Liu, Calton Pu, Wei Tang, “Supporting Internet Applications beyond Browsing: Trigger Process-
ing and Change Notification (Extended AbstracBtpc. of 5th Intl' Computer Science Conference —
Internet Applications (ICSC '99Hong Kong (December 1999), China, LNCS Vol. 1749, Springer-
Verlag, Heidelberg, pp. 294-304, 1999.
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[57] Sourav S. Bhowmick, Wee Keong Ng, Ee-Peng Lim, “Detecting and Representing Relevant Web Deltas
Using Web Join” Proc. of 20th Intl’ Conf. on Distributed Computing Systems (ICDCS 20Qfpei
(April 2000), Taiwan, IEEE Computer Society Press, Los Alamitos, pp. 255-262, 2000.

[58] Nahur M. Fonseca, Rodolfo S.F. Resende, Wagner Meira Jr., “Dynamic Aspects of Documents of
the Brazilian Web” Proc. of 1st Intl’ Conf. on Web Information Systems Engineering (WISE 2000) —
Volume I, Main ProgramHong Kong (June 2000), China, IEEE Computer Society Press, Los Alamitos,
pp. 133-137, 2000.

[59] Ling Liu, Calton Pu, Wei Tang, “Correction to “Continual Queries for Internet Scale Event-Driven
Information Delivery” ”, IEEE Trans. on Knowledge and Data Engineetivgl. 12, No. 5, p. 861,
September/October 2000.

[60] Santi Saeyor, Mitsuru Ishizuka, “WebBeholder: A Source of Community Interests and Trends based
on Cooperative Change Monitoring Service on the Wdtrgc. of 26th Annual Conf. of the IEEE
Industrial Electronics Society (IECON-2000) — VoluméNagoya (October 2000), Japan, IEEE Press,
Piscataway, NJ, pp. 1656-1661, 2000.

[61] Yih-Farn Chen, Fred Douglis, Huale Huang, Kiem-Pong Vo, “TopBlend: An Efficient Implementation
of HtmIDiff in Java”, World Conf. on the WWW and Internet (WebNet208an Antonio (November
2000), TX, AACE, Norfolk, VA, pp. 88-94, 2000.

[62] Ling Liu, Calton Pu, Wei Tang, “WebCQ: Detecting and Delivering Information Changes on the Web”,
Proc. of 9th ACM Intl' Conf. on Information and Knowledge Management (CIKM 20W@).ean
(November 2000), VA, ACM Press, New York, pp. 512-519, 2000.

[63] Benjamin Nguyen, Serge Abiteboul, &yory Cobena, Laurent Mignet “Query Subscription in an XML
Webhouse”Proc. of 1st DELOS Workshop on Information Seeking, Searching and Querying in Digital
Libraries, Zurich (December 2000), Switzerland, ERCIM, Sophia-Antipolis, pp. 109-114, 2000.

[64] Santi Saeyor, Mitsuru Ishizuka, “Resource Management for WWW Change Monitoring Service Pro-
totype based on Cooperative Agent Communifioc. 3rd Intl' Conf. on Information Networking
(ICOIN-14) Hsingchu (January 2001), Taiwan, IEEE Computer Society Press, Los Alamitos, 2001.

[65] Seung Jin Lim, Yiu-Kai Ng, “An Automated Change Detection Algorithm for HTML Documents
Based on Semantic Hierarchie®roc. of 17th Intl' Conf. on Data Engineering (ICDE 20Q0Heidel-
berg (April 2001), Germany, IEEE Computer Society Press, Los Alamitos, pp. 303—-312, 2002.

[66] Benjamin Nguyen, Serge Abiteboul, &pory Cobena, MihiaPreda, “Monitoring XML Data on the
Web”, Proc. of ACM Intl' Conf. on Management of Data (SIGMOD 2Q®anta Barbara (May 2001),
CA, ACM Press, New York, pp. 437-448, 2001.

[67] David Buttler, Ling Liu, Calton Pu, Henrique Paques, Wei Han, Wei Tang, “OminiSearch: a Method
for Searching Dynamic Content on the Welftoc. of ACM Intl' Conf. on Management of Data
(SIGMOD 2001) — Demg$anta Barbara (May 2001), CA, ACM Press, New York, p. 604, 2001.

[68] Lipyeow Lim, Min Wang, Sriram Padmanabhan, Jeffrey Scott Vitter, Ramesh C. Agarwal, “Character-
izing Web Document ChangeProc. 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.

[69] Sergio Flesca, Filippo Furfaro, Elio Masciari, “Meaningful Change Detection on the Webt, of
12th Intl' Conf. on Database and Expert Systems Applications (DEXA 200Inich (September
2001), Germany, LNCS Vol. 2113, Springer-Verlag, Heidelberg, pp. 22-31, 2001.
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[70] Khoo Khyou Bun, Mitsuru Ishizuka, “Information Area Tracking and Changes Summarizing in WWW”,
Proc. of World Conf. on the WWW and Internet (WebNet 200ilando (October 2001), FL, AACE,
Norfolk, VA, pp. 680-685, 2001.

[71] Gregory Cobena, Serge Abiteboul, &ire Marian, “Detecting Changes in XML Document#toc.
of 18th Intl’ Conf. on Data Engineering (ICDE 20QZ3an Jose (February 2002), CA, IEEE Computer
Society Press, Los Alamitos, pp. 41-52, 2002. Alsd’mc. of 17th Jourges Bases de Doéas
Avané&es (BDA 2001)Agadir (October 2001), Morocco, 2001.

[72] Gregory Cobena, Talel Abdessalem, Yassine Hinnach, “A Comparative Study for XML Change Detec-
tion”, Technical Report, Verso Rep. No. 221, INRIA, Rocquencourt, France, 2002.

[73] Norman S. Matloff, “Estimation of Internet File-Access/ Modification Rates from Incomplete Data”,
Technical Report, Dept. of Computer Science, University of California at Davis, CA, 2002.

[74] Ling Liu, Wei Tang, David Buttler, Calton Pu, “Information Monitoring on the Web: A Scalable
Solution”, World Wide Wep\Vol. 5, No. 4, pp. 263-304, 2002.

[75] Junghoo Cho, Alexandros Ntoulas, “Effective Change Detection Using Samp#rag, of 28th Con-
ference on Very Large Data Bases (VLDB 2Q®&)ng Kong (August 2002), China, Morgan Kaufmann,
San Francisco, pp. 514-525, 2002.

[76] Serge Abiteboul, “Issues in Monitoring the Web” (invited talRypc. of 13th Intl’ Conf. on Database
and Expert Systems Applications (DEXA 2082})-en-Provence (September 2002), France, LNCS
Vol. 2453, Springer-Verlag, Heidelberg, pp. 1-8, 2002.

[77] Greggory Cobena, “Change Management of Semi-structured Data on the Web”, Ph.D. Ecetss,
Polytechnique, Palaiseau, France, 2003.

[78] Yuan Wang, David J. DeWitt, Jin-Yi Cai, “X-Diff: An Effective Change Detection Algorithm for XML
Documents” Proc. of 19th Intl' Conf. on Data Engineering (ICDE 2008angalore (March 2003),
India, IEEE Computer Society Press, Los Alamitos, 2003.

[79] Sourav S. Bhowmick, Sanjay Kumar Madria, Wee Keong Ng, “Detecting and Representing Relevant
Web Deltas in WHOWEDA'JEEE Trans. on Knowledge and Data Engineeriivgl. 15, No. 2, pp.
423-441, March/April 2003.

[80] Wei Tang, Ling Liu, Calton Pu, “Trigger Grouping: A Scalable Approach to Large Scale Information
Monitoring”, Proc. of 2nd IEEE IntI" Symposium on Network Computing and Applications (NCA
2003) Cambridge (April 2003), MA, IEEE Computer Society Press, Los Alamitos, pp. 148-155,
2003.

[81] Dennis Fetterly, Mark Manasse, Marc Najork, Janet L. Wiener, “A Large-Scale Study of the Evolution
of Web Pages”Proc. of 12th IntI' Conf. on World Wide Web (WWW 2Q0Budapest (May 2003),
Hungary, ACM Press, New York, pp. 669—-678, 2003.

[82] Junghoo Cho, Hector Garcia-Molina, “Estimating Frequency of Char§€M Trans. on Internet
TechnologyVol. 3, No. 3, pp. 256—-290, August 2003.

[83] Sergio Flesca, Elio Masciari, “Efficient and Effective Web Change DetectiData & Knowledge
Engineering Vol. 46, No. 2, pp. 203-224, August 2003.
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[84] Sanjay Kumar Madria, Yan Chen, Sourav S. Bhowmick, “DiffXML: Change Detection in XML Data”,
Proc. of 11th Intl’ Conf. on Cooperative Information Systems (CooplS 2(@8} of the “On The
Move Federated Conferences” OTM '03), Catanialie heldNovember 2003), Italy.

[85] Lakshmish Ramaswamy, Arun lyengar, Ling Liu, Fred Douglis, “Techniques for Efficient Fragment
Detection in Web Pages” (PosteBroc. of 12th ACM International Conference on Information and
Knowledge Management (CIKM '03)lew Orleanstp be heldNovember 2003), LA.

[86] The AT&T Internet Difference Engine Homepadptp://www.research.att.com/swi/tools/
aide/

[87] The ChangeDetection Free Service Homepatp;//www.changedetection.com/
[88] The HtmIDIiff Homepagehttp://www.htmldiff.com/
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Some works also considered modification or evolution ofsitifeemanf semistructured data.
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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 maintenance of temporal consistency of the in-
formation in the warehouse. Similar aspects are also involved in the maintenance of dynamically generated
Web pages.
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2.7 Navigation Time

An autonomous research thread concerns time in Web usage. We canndefigetion timethe temporal
dimension marking the navigation of the Web by a user. A user’s navigation history also corresponds to
what has been called “clickstream”, and analysis of Web logs (e.g. for Web user profiling) is also known as
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2.9 WWW Evolution
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Net2000) San Antonio (October 2000), TX, AACE, Norfolk, VA, 2000.
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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 URLhttp://www.isoc.org/internet/history/

A related research field, more focused on technical aspects and almlng at a development of Web tech-
nologies, concerns thé/eb dynamics The Web dynamics field has been initiated by th# Work-
shop on Web Dynamigd.ondon, England, January 2001, co-located with ICDT 'Git}p://www.
dcs.bbk.ac.uk/webDyn/ . The field has been surveyed by Mark Levene and Alexandra Poulovas-
silis in “Web Dynamics”,Software Focu®:2, pp. 60—67, 2002. A special issue @dmputer Networks
(vol. 39, No. 3, June 2002, edited by Levene & Poulovassilis) is also devoted to several aspects of
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Web dynamics. Table of contents and abstracts are available atttRl/www.elsevier.com/
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/Iwww.dcs.bbk.ac.uk/webDyn2/ (workshop report orACM SIGMOD Record31:3, September
2002).
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[24] Lars Bo Eriksen, Carina lhigim, “Evolution of the Web News Genre - the Slow Move beyond the Print
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Alamitos, pp. 7686, 2000.
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and proceedings have been published by the IEEE Computer Society Press. More information (includ-
ing proceedings of the first editions) can be found on the Web site maintained by Scott ftifey,
/Iwww.cs.fit.edu/ stilley/wse/

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
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definitions. Metadata carrying temporal information have also been considered in the TEI, Dublin Core,
MUC and EAD initiatives. In the Open Archives Initiative, (transaction-tirdajestampsare used for
selective harvestingf metadata.
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