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Chapter 1

Introduction

This report presents my research activity since the end d?hiy thesis, in January 1997. During this
period, | have been an Assistant Professor at the Consaevatational des Arts et Métiers (CNAM),
in Paris, member of the CEDRIC Laboratory in Computer S@enicalso held a joint position of
scientific adviser in the Xyleme S.A. company (2000-2006¢nta position of associate member of
the Gemo group at INRIA Futurs (since 2005).

My research activity is divided inttwo distinct periodsaddressingwo different research fields
multimedia user interfacesnddata management on the wed salient point in my research activity
is the thematic reconversidmoperated between these two domains in 1999.

Multimedia user interfaces. My work in this research field covers my PhD (December 19931- Ja
uary 1997) and the succeeding period until 1999. After my Bteé3is, entitled "Visual pro-
gramming for animation in user interfaces”, | continued norkvon the modeling of structured
multimedia interfaces, as an Assistant Professor at CNAdimember of the Multimedia team
of the CEDRIC laboratory.

Data management on the webln September 1999, | started nlyematic reconversioby joining
the Vertigo database team of the CEDRIC laboratory. The sicoawas the startup of the
Xyleme project at INRIA, whose goal was the creation of arifigted, very large scale repos-
itory, able to store all the XML documents on the web and to/ig® services for acquisition,
indexing, querying, change management, semantic integratc. Initiated by the Verso group
at INRIA, the project included database teams from CNAM - G&ED (Vertigo), from Paris Sud
- LRI (IASI) and from the Mannheim University.

Since 1999, my research activity in the fielddafta management on the wdtas been organized
around three main axes:

1. Web-scale integration of XML data
2. Views for heterogeneous XML data
3. Peer-to-peer architectures for data sharing

This introduction presents a global overview of all the teenand sub-themes of my research
activity, while the next chapters focus on the period aftgrthrematic reconversion, encompassing
the most significant research contributions. The last @ngpesents the conclusions and future work
for my research activity.
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1.1 Multimedia user interfaces

My PhD thesis [Vod97a] was addressing the problem of usimgation for illustrating interaction in
graphical user interfaces. The main challenge of this waak W define a model for animated user
interfaces and to simplify the specification, the prograngrof interactive animations.

The result wasdandMove a general model for animated user interface componergsattows
visual programming. The main idea of the model is to represaimation throughabstract tra-
jectoriesdescribing continuous evolution and througpotson these trajectories, describing sudden
changes. Animation can be based on various types of stirtimler ticks, input device signals, ap-
plication events. Sudden changes are triggered by eveeerated by predicates on the animated
objects, by the external application or by explicit eventeyation.

The spatial metaphor used by HandMove is appropriate faralisrogramming and provides an
intuitive method for specifying animation by drawing. ThardiMove tool provides a visual editor
for both graphical objects and animated behavior and aimi@-tisualizer of the resulting behavior.
HandMove allows describing animated scenes, that can lmapsalated” as interactive and animated
user interface components, then used at the same leveltaadyuext fields and menus in user inter-
faces. This work has been realized in collaboration with NGErench software editor specialized in
X/Motif user interface tools and the HandMove tool has begegrated with XFaceMaker, the NSL’s
graphical user interface builder.

After my PhD thesis, | continued for some time to work on folimiag the HandMove visual
model and on improving the HandMove tools - the results of thork have been presented in
[Vod97Db].

My research activity during this period was directed towtrd modeling of multimedia user
interfaces as structured objects. In the same line as théMiare model, this work aims at describing
in adeclarativemanner both graphical objects and behaviostasctured entities

The main result is the definition of a general model for intbve animations (IAN) in multime-
dia documents, presented in [VV0O0]. The model naturallggrates usual multimedia elements (text,
image, video, sound) with motion and graphical changes ofngtric objects, but also with user and
inter-object interaction. Animation is defined in a dedismand structured manner, through a sce-
nario composed of event-condition-action rules. The pseps to enable botkasy authoringhrough
declarative techniques adidtabase managemeaot animations as structured objects. Database man-
agement of 1ANs allows building libraries of parametrizaednaations and retrieving them on the
basis of specific criteria: scenario elements, animati@mtsy object properties, etc. We proposed an
extension of the OQL language [Cat97] for object-orientathbases, adapted to querying collections
of IANs.

Another research direction in this field was the stud@bDfinteractive sceneslescribed by using
the VRML language [vrm97], that already provides a dechagamodel, as a tree of transformation
nodes. However, VRML does not provide the appropriate abtm level for interaction and anima-
tion, that mostly rely on external scripts to be programmedCTV00], we proposed an extension of
VRML that introduces new, higher level transformation nefler interaction, for animation and for
event routing between objects.

A last point addressed in this topic, was theegration of database applications through the user
interface We considered the problem of building applications ovea diescribing the same objects,
but coming from different sources and having major diffeesnin their nature and their processing
tools. The application was the integration of XML data ddsog monuments with geographical
information about their location, in the context of a cobadtion with the French Department of
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Culture. This work represents the subject of the CNAM engjirtiresis of Julio Fernandes (1998) and
has been presented in [AVFC98].

1.2 Data management on the web

My research in the field of data management on the web deageteral level, with the problem of
exploiting very large amounts of data distributed over gdarumber of sources on the web - sources
with possibly heterogeneous structures, with various ekegyiof autonomy and various processing
capabilities.

A central theme in my research is the problendafa integration that aims at providing a unified,
transparent access to data stored in heterogeneous ambmaigs sources. The access is based on
an homogeneous, global schema and on mappings betweerothéd gchema and the data sources,
defining anintegration view This problem has been extensively studied in the liteeataddressing
issues such as data integration architectures and models; gpwriting, mapping generation, source
capabilities, quality of data, etc. My research on this¢dms focused on the integration lodtero-
geneous XML dataatvery large scale or medium scadad onproviding simple and intuitive access
to the integrated datain order to make it accessible to novice users and to offepat for rapid
application development.

The other main theme | addressed is thatistributed architectures for data sharing on the
weh focusing notably on peer-to-peer (P2P) systems for comlisiribution, sharing, updating and
querying in web communities.

In this context, my research work has followed three maiadiions:

1. First, | addressed the problem XML data integration at the scale of the welfhis work
has been realized in relation with tgleme projecgtthat aimed at creating a distributed XML
repository able to store all the XML documents on the web anatévide semantic integration
of data, among other services. The challenge was to defite@b#edechniques for data integra-
tion at the web scale, concerning query rewriting, methodaditomatic view generation, view
distribution over the sources, etc.

2. Next, | considered the problem of buildisimple views over heterogeneous XML ddta
order to make the access to such data as simple as queryibtg dhseough a query form. The
challenge is to find a good compromise between expressivemamd simplicity of querying
and of maintaining the view when new sources are added.

3. Finally, | addressed the problem of using peer-to-pe2PjRirchitectures for buildingcalable
systems for content management on the.wHie challenge is to design efficient and robust
P2P systems, where peers cooperate and share resouraessgorp disk space, bandwidth,
etc.) in order to provide scalable global functionalitisgch as indexing and querying content
metadata, content distribution, notification on changts, e

An important characteristic of my research activity is thas strongly related to system im-
plementation In the Xyleme project, then later as a scientific advisertlfier Xyleme company, |
coordinated and participated to the implementation of regweodules of the Xyleme software: the
Xyleme Viewsemantic integration module, tMapGenmapping generation tool, théy/Viewmodule
for application views, th&XMLizertool for extracting XML structure from plain text documengétc.

In my collaboration with the Gemo team at INRIA, | coordirsignd participated to the implemen-
tation of theEDOSP2P platform for Linux packages distribution and to sevengirovements in the
ActiveXMLplatform.
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The next sections give a brief description of my activity atk of the three research axis.

1.2.1 Web-scale integration of XML data

My work in this axis corresponds to the period between 192B28103, as a participant to the Xyleme
project (1999-2000), then as a scientific adviser for theekyg S.A. start-up company, created in
September 2000.

The Xyleme project, initiated by Serge Abiteboul and Sopbliget (Verso group at INRIA) and
Francois Bancilhon (ex-CEO of O2 Technology) in Septenil@99, was organized as an open net-
work of researchers, including the Verso group at INRIA, YMegtigo team from CNAM, the IASI
group from LRI and the database group from the Mannheim Usiiye As explained above, the goal
of the project was the creation of a kind of "Google XML", i.@ distributed repository, able to store
all the XML documents on the web and to provide services fquasition, indexing, querying, change
management, semantic integration, etc.

During this period, | have been in charge (with Marie-ClmistRousset from LRI) of the semantic
integration module in the Xyleme project (1999-2000), | eswjsed (with Sophie Cluet) the PhD
thesis of Pierangelo Veltri (1999-2002), the Master thesiean-Pierre Sirot (2000) and the engineer
thesis (Polytechnical Institute of Bucharest) of Anne-dd@umitrache (2003).

The difficulty of realizing data integration in Xyleme comfgem the scale for any type of
content, a huge amount of XML documents, with many diffet8ML structures, is available on
the web. We proposed a view mechanism adapted to web-sc@entegration, that provides a
homogeneous XML schema to access the repository and thatrgeas scalability by distributing the
view definition, query rewriting and execution over the r&ifmry machines and by using a scalable
query rewriting algorithm. This model has been publishea 8.DB Journal paper [ACNM02], a
book chapter [CCTO05], two conference papers [CVV01, AC¥1], and has been the subject of the
PhD thesis of Pierangelo Veltri [Vel02] and of a patent swgsioin. | also coordinated (with Sophie
Cluet) and participated to the implementation of this vieachmanism as a software modubkyleme
Views in Xyleme.

One of the major problems in web-scale data integrationastkation of the view and its main-
tenance over the time. We defined methodsdotomatic generation of view mappingsssential
for building views at this scale. We proposed a set of algorg for generating node-to-node map-
pings between tree structures, based on linguistic siityilaf tag names and on the structural context
of nodes. This method has been published as a DKE journal jagR 03], a conference paper
[RSV01] and has been the subject of the Master thesis of Besare Sirot. | coordinated the imple-
mentation of theMapGentool in Xyleme, for semi-automatic generation and mainbteeaof view
mappings.

Theintegration of the view mechanism with query processmnte Xyleme system raised some
interesting issues. We choose a transparent integratigiews in the query processing mechanism,
allowing to handle views as ordinary XML document structur&he difference appears in the gen-
erated execution plan, that includes view-specific opesatdhis query processing model has been
presented in several conference papers ([AOD], and partially in [CVV01] and [ACV 01]). We
also added a grouping operator to the Xyleme query languaayg, useful for query rewriting on
views. This point has represented the subject of the engthesis of Ana-Maria Dumitrache, that |
supervised.

| also considered during this period the problenprafducing XML documents from unstructured
content XML-ization tools are essential in XML management systdiysenabling the use of the
huge quantities of unstructured data, unexploitable wétitional databases. | supervised the design
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and implementation of th¥MLizertool (2003) in Xyleme, able to learn recurrent patterns airpl
text files and to extract XML structures from these patterfise XMLizer has received a grant for
innovative projects from ANVAR.

A detailed description of my work in this research axis isspréged in Chapter 2.

1.2.2 Views for heterogeneous XML data

My research in this axis corresponds to the period betwe®3 20id 2007 and corresponds to the
subject of the PhD thesis of Imen Sebei. This work can be édvith two parts: the first one, in
collaboration with Xyleme, focused on views over an XML repary (theXyViewmodel), while the
second one, within the framework of tA&€1 SemWeladdressed views ovepen systemgsomposed
of autonomous sources with unpredictable behavior@penXViewmodel). The XyView model was
also included in the platform designed in the context offebContenproject.

The ACI SemWelproject [sem04] (2004-2007), gathered database teamsRRIBM Versailles,
LIP6 Paris, LSIS Toulon, LIRIS Lyon, LINA Nantes and CEDRI@rB, and aimed at designing
methods and tools for querying the Semantic Web in XQuengsdmWeb, | have been in charge of
the P2P research axis in this project, and (with Elisabetkaleof the CEDRIC part. Th&NTL
WebContenproject [web06] (2006-2009) aims at building an advancedf@m for enriching and
exploiting web documents and gathers teams from INRIA, CEADS, Thales, LIP6, PRISM Ver-
sailles, Exalead, Xyleme, etc. | was in charge for Xylemdnia project and | managed the integration
of the Xyleme software in the WebContent platform (2006).

In this axis, | supervised, in addition to the PhD thesis oéinEebei (2003-2007), the Master
thesis of Francgois Boisson (2006).

This topic reconsiders the problem of large scale datatiateg in a different context. The goal
is to make the access to heterogeneous XML data as simplesaibleo through universal relation-
like views, in order to simplify queries for novice users dadgrovide support for rapid application
development. The difference with web-scale views in Xylégthat we address application-oriented
views, at a lower scale, where a better expressive power eatsidered, e.g. by including joins
and transformation functions in the view definition.

The XyViewmodel allows rapid application development on top of hefereous, schema-free
XML data stored in an XML repository. A XyView view is structd at three levels: (i) thehysical
level providing tree structures extracted from documentsitlfi)logical level providing homoge-
neous tree structures over unions of physical views, andhe user level providing a flat structure
(table) over joins of logical views. This view structureattseparates unions from joins, and the use
of one-to-one mappings between levels instead of queriake M yView views easier to create and
to maintain than query-based views. Also, query rewritsignbre flexible and allows e.g. discarding
useless duplicates in answers in a natural way.

This work has represented the subject of the first part of I®ebei’s PhD thesis and of two
conference papers, [VCCS05] and [VCCSO06]. | supervisedpamticipated to the implementation
of the XyView model asa software module in Xyleméhat provides: an API for view management
and guery translation, a tool for graphical editing of vieamsl a tool for automatic generation of web
form applications on top of XyView views.

The OpenXViewmodel is adapted topen systemsvhere data sources are autonomous, variable
in number and with unpredictable changes, e.g. P2P systéygiew is not appropriate in this
context, because the three-level view structure may beedbtc change too often, e.g. when new
sources are published. OpenXView provides a mixed ontdlegy integration schema (concepts
having tree-structured attributes), more flexible than dyX with implicit joins based on concept
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key attributes. OpenXView dynamically determines for egabry the set of sources concerned by
the query, and the joins and unions between them, unlike &y\dnd other integration view systems,
where most of these elements are predetermined. In ordémibthe number of possible query
rewritings, we proposed equivalence and containmentrieriter rewritings based on minimal covers
for query elements.

The work on OpenXView has represented the subject of thenslgeart of Imen Sebei’s PhD thesis
and of the Master thesis of Frangois Boisson. It was preslenttwo conference papers ([BSSV06Db]
and [BSSV06a]), and published in a journal paper [BSSVOT.GpenXView prototype is currently
under development.

A detailed description of my work in this research axis issprged in Chapter 3.

1.2.3 Peer-to-peer architectures for data sharing

My research in this axis corresponds to the period betwe@d 20d 2007 and corresponds to my
collaboration with the Gemo team at INRIA Futurs - | am an agge member of Gemo since 2005.
This work is realized in relation with the software platfodaveloped by Gemo, composed Ax¢-
tiveXML[AMTO06], a P2P platform for dynamic XML documents (contaigiweb service calls), and
of KadoP [AMPO05], a distributed XML management system, built on tdpAativeXML and of a
distributed hash table (Pastry).

Part of this work has been realized within the framework efEDOSEuropean project [EDO04]
(2004-2007) and of th&/ebContenfFrench RNTL project [web06] (2006-2009)EDOS aims at
creating a platform for producing, testing and dissemigafree/open-source software. | have been
in charge (with Serge Abiteboul) of the work package 4, thatsaat building a P2P platform for
content dissemination, and gathering teams from INRIA, dtama, University of Tel Aviv, University
of Geneva and CSP Torino. In thgebContenproject, that aims at building an advanced platform
for enriching and exploiting web documents, | am currendiytigipating for Gemo to the design of a
P2P architecture for scalable data management.

In this axis, | am supervising the CIFRE PhD thesis of Radu 605-2008), in collaboration
with Mandriva. | also supervised on the same topic the CNANgimger thesis of Eric Darondeau
(2004-2005) and the Polytechnique engineer internshipinfMoang To (2006).

The goal of my research in this axis is to design and implenseatable systems for content
management on the web, based on P2P architectures whescpeperate and share resources in
order to transparently provide global functionalities D¥J. The system should provide its services
in a transparent way, being the only responsible for loadrziihg and resource sharing.

The EDOS distribution system belongs to this category.plaees the classical "hierarchy of mir-
rors” distribution architecture and provides scalablecfignalities for the dissemination of Mandriva
Linux packages within the community network: publishingdexing and querying of metadata, opti-
mized content dissemination, notification on changes, Bte. EDOS distribution system represents
the subject of the PhD thesis of Radu Pop and is presentediircémference papers ([AD®7c],
[ADPT07a], [ADPT07b], [APVV07]). The system has been implemented on top afdaand Bit-
Torrent [Coh03]; | supervised and participated to its impéatation, that will be the object of a
demonstration at VLDB 2007 [ADFO7c]. Also, the EDOS distributed system is the basis of the
distributed architecture adopted in the WebContent ptojec

In the same research axis, | participated to the improvewieihie ActiveXML platform [weba],
by providing support for coupling with an XML database. iaily, the ActiveXML platform was
using a simple persistence mechanism, based on XML files rantemory query processing and
updates. Coupling it to an XML database allows using theb#ata capabilities for storage, querying
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and updating, and guarantees scalability in terms of dateaged by a peer. This work has represented
the subject of the CNAM engineer thesis of Eric Darondea0428005), for a coupling with Xyleme,
then of the Polytechnique engineer internship of Ming Hoado@2006), for a generic coupling with
any XML database supporting XQuery and XUpdate.

A detailed description of my work in this research axis issprdged in Chapter 4.

1.2.4 Summary of publications
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gration in Xyleme: a uniform tree-based approatrata & Knowledge Engineering Journal
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Chapter 2

Web-scale integration of XML data

This chapter presents a synthetic view of my work in the fiéldeb-scale integration of XML data,
realized in relation with the Xyleme system. After a brieégentation of the context of this research
axis, we present the Xyleme web-scale integration modelqtiery rewriting problems, the automatic
view generation algorithms and we end up with a presentatidhe work done for extracting XML
elements from unstructured text.

2.1 Context: data integration on the web

Data integration is the problem of providing unified and $@arent access to data stored in multiple,
autonomous and heterogeneous data sources [Len02]. Tdtikepr, extensively studied for many
years, acquired a new dimension in the context of the weliodadata integration architectures have
been proposed, among whidmediators[Wie95], warehouse$Wid95], and more recentlpeer-to-
peer[KPO05] (that may be seen as a generalization of mediatoefwarse architectures), are the most
common ones.

Compared to warehouses, mediators provide a more flexibhétecture. Data is leaved under
the control of each source and the relation between the lghobdel and sources is defined through
mappingsthat enablequery rewriting(from queries on the global model to queries on sources) and
results typing(from the source type to the global type). Warehouses peobitter performance by
materializing the integration vieftom data gathered from sources, transformed and mergkvfol
ing the global model and stored in a common repository, bué ha deal with the problem afata
freshness

The definition of the relation between the global model amdllgource models (the data integra-
tion view) mainly follows two different approaches. Thkbal-as-view(GAV) approach considers
that all the sources are known in advance (close world assom@nd the global model is defined as
a view over the set of local source models. A GAV model debnithas the forny — ¢, i.e. each
elementy of the global model is defined as a query (view) over the logaiees. This corresponds to
the classical database integration approach and has thetade of very simple query rewriting al-
gorithms. Data integration systems such as Tsimmis [GM®), YAT [CCS00], Enosys [PBO03],
XMLMedia [GMTO02], Agora [MFK02] use a GAV integration schem

Thelocal-as-view(LAV) approach considers that the global model is fixed argtdbes an ap-
plication domain, independently of the data sources. Eath sburce describes its contribution as a
local view over the global model, independently of otherdadurces. A LAV model definition has
the forms — ¢, i.e. each element of the the local model of each source is defined as a query

13
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(view) over the global model. LAV has the advantage of edsilggrating new sources (open world
assumption) and are consequently more appropriate formatgration on the web. The main prob-
lem of LAV system is the complexity of query rewriting, knowas the problem of answering queries
using views [Hal01] (sources are views over the global modieéat is discussed in more details in
Section 3.1. Systems such as Information Manifold [LRO9&ikwila [IHWO02], Picsel [GLROO],
STYX [ABFS02] are based on LAV integration schemas.

More recent approaches for defining the integration viedusheglobal-local-as-viewWFLM99]
(GLAV) and both-as-vieW]MPO03] (BAV). GLAV can express both GAV and LAV with the samgpg
of mapping rules; a GLAV model definition has the fogn — ¢,. BAV uses reversible schema
transformations sequences to express the relation betgtekal and local schema elements, which
can be used at query rewriting.

In this context, we addressed in Xyleme the particular pnobbf building a data integration
systemat the scale of the wele. scalable in both number of sources and number of uSaeschal-
lenges concerned more data heterogeneity, the size oftdggation view and the methods for creating
and maintaining it, than the expressive power of the viewumrg rewriting. Also, we addressed the
problem of integratingKML datg stored in anative XML repositoryand did not consider the prob-
lem of XML views built on top of relational storage, such asSitkRoute [FKS 02], XPERANTO
[CKST00] and many others. At that time, with the significant eximepbf web-search engines for
text documents, data integration systems only addressaltt smmedium-scale integration. Recently,
new approaches for data integration at the web scale wepeged, such as MetaQuerier [CHZ05]
and PayGo [MCD07].

2.2 The Xyleme data integration model

2.2.1 The Xyleme system

Xyleme [ACFRO02] is basically a warehouse of XML documentsguared from the web or from
local sources; the warehouse is distributed in a clustepofputers connected through a fast speed
local network. Xyleme is able to store all the XML documentat the web and to provide a set of
advanced services on top of this data, illustrated in thetfonal architecture presented in Figure 2.1.
The Repository and Index Managenodule allows storing, retrieving and indexing XML docu-
ments. Storage is based on a native XML database and inderiagast, in-memory full-text XML
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index structure. Thécquisition and Crawlemodule inspects the web and local content to collect
XML documents, which are loaded in the repository by tleader module. TheChange Control
moduleis responsible of monitoring of document changes, versianagement and subscription of
temporal queries. Th8emantic modulprovides a homogeneous integrated and mediated schema on
the heterogeneous XML documents stored in the repositdrgQuery Processor moduknables to
query the XML repository as a database. In particular, iislaes a query in terms of the semantic
layer into another one computable on the stored documents.

My work in Xyleme concerns the Semantic and Query Processingules, as described in
the next sections. More details on the other Xyleme modulegpeesented in [KM00, MAAQO,
MACMO1].

Scalability is guaranteed by the distribution of the refmogiand of the index on several comput-
ers, such as presented in Figure 2.2, that illustrates #teldited architecture of Xyleme.

e Repository maching®RM) are in charge of storing the documents. Data is cludtaceording
to a semantic classification, each RM storing potentialyess clusters of semantically related
data (e.qg., art, and literature), in order to reduce the rurmabmachines that have to be accessed
to evaluate a particular query.

¢ Index machine¢XM) have large memories that are mainly devoted to index@lsisters are
partitioned on index machines so as to guarantee that:l (Ddexes reside in main memory;
and (ii) each XM is assaociated to only one RM.

¢ Interface machine@M) are connected to the Internet. They are in charge ofinqhapplica-
tions. Whereas the number of RMs and XMs depends on the waselgize, the number of
interface machines grows with the number of users.

2.2.2 The data integration model

The Xyleme data integration model usesiixed mediator-warehouselution, that combines benefits
from both approaches. XML files from the web are stored andxad in the local repository, without
being transformed to a global model. This allows fast queog@ssing and the use of the same query
language for querying data from all the sources. Freshneddgms are handled by the Change
Control Manager, that monitors changes in data sources amdrigger the reloading of the data
source into the repository.

We use a LAV integration schema, to be able to deal with thelwbs number of sources on the
web. As explained above, Xyleme data is organizedusters built through semantic classification
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Figure 2.3: Example of Xyleme data integration view

of documents. A view is defined over afstract cluster composed of a set of real clusters. The
global schema is a tree, calledbstract DTDO describing a homogeneous structure of XML docu-
ments accessible through the integration view. Each XMlr@®is described by a local tree schema,
calledconcrete DTD Concrete DTDs can be automatically extracted from a alustéouilding tree
data summaries, similar to Lore data guides [GW97]. FiguBepPesents an example of integration
view for cultural information, built over the abstract dieis”culture” composed of real clusters "art”,
"literature”, "cinema” and "tourism”.

Mappings are expressed as a set of two-way correspondeetesdn a node in the abstract
DTD and a node in a concrete DTDs, represented as pathst@patth mappings). This simple
representation has the advantage taingple to generate automaticallwhich is essential for web-
scale view creation and maintenance, and teelersible which simplifies query rewriting. Actually,

a path-to-path mappingyopa < Piocar has the following meaning: all the XML elements that match
DPlocal IN the source data are included in the answer to the global/que,,,;. This corresponds to a
GLAV definition of the view and is also close to BAV becausetsfreversibility.

The problem of path-to-path mappings is that when the glqbaty is composed of several paths
(tree queries), the way of combining the interpretationamfreindividual path cannot be expressed by
a general rule (constraint) and may vary from a source tohanotA solution would be to useee-
to-tree mappingsthat express correspondences between a subtree of thecalistD and a subtree
of a concrete DTD, but the problem is that such mappings ddnm@utomatically generated with
precision.

With the constraints of web-scale views, the choice of pathath mappings is a good com-
promise. We define algorithms for automatic mapping geimgrdsee Section 2.4 below) and a set
of general rules for combining mappings in tree queries atyguewriting (see Section 2.3 below).
This pragmatic solution provides incomplete answers ingdigeral case, but can be considered as
acceptable in web-scale applications.

A novelty in the Xyleme integration system tise distribution of view®ver the local Xyleme
cluster. The idea is to follow the data distribution schemiadusters over Repository machines:
for each cluster stored on a RM, all the view mappings coriegriinat cluster will be stored on the
Index machine (XM) associated to the RM. This method guaemboth storage and query processing
scalability for views, by sharing the storage and procegssifort among XMs, as explained below.
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Figure 2.4: View structures on an interface machine (a) androindex machine (b)

2.3 Query rewriting in Xyleme

View representation Figure 2.4 presents the distribution of the view over theexy network.
Interface machines stoeeglobal description of the vievcomposed of the abstract DTD tree, where
each node is annotated with the set of clusters that contdin abrresponding to that node. Index
machines stora local description of the viewecomposed of the set of concrete DTDs for the clusters
indexed by that XM, together with the set of mappings betwbese concrete DTDs and the abstract
DTD.

The forest of concrete DTDs on an XM is represented by a tafith, one entry per tree node,
containing the tag name and the entry number for the nodeé&npeae.g. in Figure 2.4 entry 5 repre-
sents the patpainter/paintingin the concrete DTD of root entry 4. Mappings are represehiethe
abstract DTD tree, where each node is annotated with thefliscal concrete DTD nodes mapped
to it. A concrete DTD node is represented by a couple of imegeot, cpath), wherecpath and
root are respectively the entry numbers for the node and for tbeabits concrete DTD, e.g. the
abstract patttulture/painting is mapped toNorkOfArtin the concrete DTD of root entry 0 and to
painter/paintingin the concrete DTD of root entry 4. Lists ¢foot, cpath) couples are sorted in
ascending order. This representation is optimized for treygrewriting algorithm presented below.

Queries on views are similar to queries on real XML data, lolgdress the tree structure of the
abstract DTD. The main algebraic operator in the Xyleme yjaégebra isPatternScanthat filters
a cluster through a query pattern tree [AYCLS01], e.g. thergpattern tree in Figure 2.5 asks for
the titles of paintings of Van Gogh at the Orsay museum. Tfferdnce between view queries and
normal queries is the introduction of two specific operaforgjuery rewriting:

e AQT (Abstract Query Translator): executed on the Interfacehimag transforms RatternScan
on an abstract cluster intoumion of PatternScaron real clusters and sends them only to the
corresponding Index machines (see Figure 2.5).

e A2C (Abstract to Concrete): executed on the Index machine stoams aPatternScanon
the abstract DTD received from the AQT intauaion of PatternScaron concrete DTDs. Each
resultingPatternScaris then executed on the local Index machine, as for a nornsa/q&igure
2.6 shows one possible translation of the abstract treg/quer

Query rewriting  Query rewriting in A2C considers several constraints, Whieduce the number
of rewritings to a reasonable amount for web-scale apjpdieat by keeping only the most "pertinent”
rewritings:



18 CHAPTER 2. WEB-SCALE INTEGRATION OF XML DATA

r_____ — @nin@
(Gaternscan) — ~
_____ = = | |aar Y TN
I culture | |absiract cluster | 1 | FatternScan \PattemScan )
J = —_ —
| s JEEE —> ————{———:7“--1 I N
|- author  mus euml I '::;r'_” || art | I '::jT_JE | |1mr|5mJ|
| cogh® 0 painting | == paibting | ===
[ van Gogh "Orzay”| | | e | - | — |
———————— - |- anthor musleuml |Gifle] amthor mnleuml
| wan Gogh” "Orzay”| | wan Gogh” Oy
e 4 e 4
Figure 2.5: AQT operator
L\f‘atternScal:l') == A2C == '(I;:nternScan)
T T
________ | - "
,_ culture | [ art | | Workofart | [t |
S i
artist  gallery [ fitle
|fifle |  author muzeum| l | -|
ll “van Gogh' '0my'| |_““_Gigh_ EISE_ _

Figure 2.6: A2C operator

1. When rewriting an abstract query tree, all the paths megtranslated into paths of a same
concrete DTD, i.e. there are no joins between documents.

2. Rewriting must preserve the descendant relationship, i.abstract pathsp; and ap, are
translated into concrete pathg, , respectivelyep, andap; is a prefix ofap,, thencp; must be
a prefix ofcps. This rule preserves only the most semantically close tegs.

3. An abstract path should not have two mappings along the samcrete path, i.eap should
not be mapped to bottp; andcps, such thatp, is a prefix ofcps. However, if this happens
(very rarely in practice), only the most specific (the loriyesith is considered as valid. This
rule allows reducing the complexity of query rewriting.

The idea of the algorithm, detailed in [ACM?2] is to consider all the branches of the abstract
query tree, starting from the leaf up to the root, and to bréld@ritings of each branch, then ”join”
them at the junction nodes. Constraints 2 and 3 above gearamht the cost of finding one rewriting
for a branch is proportional to the branch length. Moreos#&rce mappings are sorted by concrete
DTD, branch join can use traditional mergesort algoriththas keeping the cost of finding all the
tree rewritings linear in the number of concrete DTDs. Wenshim [ACM T02] that the average cost
of producing all the rewritings i€';.c.riting = O(k‘hml), wherek is the average number of mappings
per abstract path is the height of the query treéjs the number of leaves in the query tree and
is the average number of mappings for a path in one concrez Dilconclusion, query rewriting is
scalable with the view size (which is proportional with

Improvements A different approach for query rewriting was presented iR 03], based on the
idea of precomputing and storing all the branch translatiemgether with mappings, distributed on
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the Index machines. Then, query rewriting only selects tlamdhes that correspond to the current
query and computes the branch join.

Other enhancements of the query rewriting algorithm hase lad¢ proposed in [ACMO02]. One of
these is allowingoins by linksbetween documents. The idea is to mark in the global vieveisire,
stored on the Interface machines, what abstract paths happings to concrete paths containing
links. At query rewriting, a join-by-link plan may be gentzd each time a concrete DTD can only
answer a part of the query tree. Another enhancement is thimitide of several levels ofjuery
relaxation to be activated when a query does not get enough answersy (@lexation is obtained by
eliminating some of the constraints imposed by the A2C algor. descendant relation preservation,
join of branches at all the junction nodes, translation fbihe@ nodes of each branch, etc.

Results typing Another problem addressed in this contexhistyping of query results'he answers
to an abstract query come from heterogeneous sources anld sfeotransformed in order to respect
the homogeneous types of the abstract DTD. This is impqréagt when query results are handled
by programs that need precise and homogeneous types intoreable to process data.

In Xyleme, we faced the problem of transforming XML resuti#dwing the abstract XML types,
with a query language that does not support nested quernessen variables. The Xyleme query
language is equivalent to only a subset of full-text XQuéyt, sufficient for most applications and
highly optimized.

Figure 2.7 presents a fragment of an abstract DTD and oneetenDTD with the correspond-
ing mappings. "publication” elements in the view corregpan "book” elements in the documents,
however, "book” elements contain some extra informati@®B( and price). A query on the view,
which asks for "publication” elements, should only extraié and author information from "book”
elements. We introduced grouping operatorin the Xyleme query algebra and language, that, for
a given element, allows grouping together its subelemenitany level) specified by the parameters.
Moreover, this operator allowsnamingthe selected subelements.

On the right side of Figure 2.7 two return expressions foultagping are presented. The first
one corresponds to the classical approach of building thdtreee from fragments. The problem is
that variablesft and $a are monovalued, so if a book has a title and several authossl) produce
one result for each author. The second expression, prelsetitea simplified syntax, corresponds to
our grouping operator. It extracts from books (renamed tdligation”) only title (hot renamed) and
author (renamed to "authorname”) subelements, that regr@uped together for each book. This
operator allows expressing subelements through path &sipres and can be nested. This grouping
operator can also be seen asetective projectiomperator, because it allows projecting only a part of
the composition subtree.
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2.4 Automatic generation of mappings

The use of automatic techniques for building and maintgiwiews is essential for views at the web
scale, which cannot be handled manually. As shown abovehbiee of the view model, based on
path-to-path two-way mappings is strongly influenced by ibsue.

We proposed a general method for automatic generation bftpgbath mappings between two
tree structures, presented in [RSV01, DRR] and based on two main ideas:

e Two paths can be mapped onltlifeir ending tags are similanVe used the WordNet thesaurus
[Fel98] to determine word similarity. WordNet provides seal semantic relations, such as syn-
onymy, hypernymy (generalization), meronymy (compositi@tc. E.g.¢ulture/painting/museum
can be mapped t@/orkOfArt/gallery becausemuseunmandgallery are synonyms. Additional
techniques for dealing with composed words (€2goductNamgare also defined, but not de-
tailed here.

e Two paths can be mapped onlptlifeir contexts are similarEnding tag similarity is not enough,
e.g. artist/nameshould not be mapped tmuseum/namebecause they represent the name of
two different entities. We considered that the context ohthpif it exists, is one of its prefixes
(the context of a node is one of its ancestors). A patlan be mapped to a paghonly if the
context ofp is mapped to the context pf. In practice, we cannot define the context for all the
concrete paths, but we can do it for abstract paths, whosdeuis limited. In this case, the
rule is: an abstract pattp can be mapped to a concrete pagttonly if the context path ofp is
mapped ta prefixof cp.

Part of these techniques are similar to those developedprd@uBRO01], Clio [HMHO01], COMA
[DRO2] and other schema matching methods [RBO1], proposdteasame period with our work on
Xyleme.

We realized several prototypes and a graphical tool for ikgecalledViapGen(Figure 2.8), able
to generate, edit and update mappings for Xyleme views. MapHows editing the abstract (virtual)
DTD tree and annotating each abstract node (path) with:

e A set of similar wordsused for tag similarity. Instead of using an on-line thessausuch as
WordNet, we choose to manually build this set, using thesad dictionaries only at annota-
tion time. The advantages are a faster mappings compuigiothesaurus queries at run-time)
and more precision, by selecting only the appropriate aimvords in the given context and by
including domain-specific knowledge.

e The context nodeif exists, e.g. Article/Textis the context ofArticle/Text/Paragraphin the
example in Figure 2.8.

e The identifier markthat indicates that the current node is an identifier ptypeafrits context
node, e.g.museum/names an identifier property ofmuseum This information helps finding
mappings such anuseum/name-» art/gallery, even ifnameandgallery are not similar words.

Notice that the manual annotation of the abstract DTD is natesdependent. After the view
administrator annotates the abstract DTD, it can launclagi@matic mapping computation, globally
or concrete DTD by concrete DTD, can visualize and edit taltg, can adjust annotations, save the
view, etc.
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Figure 2.8: TheviapGenview management tool

2.5 XML-ization of unstructured documents

If XML documents can be easily produced from structured datdn as relational databases or spread-
sheets, extracting meaningful XML from weakly structuredtent is a hard problem. Huge quantities
of unstructured or weakly structured documents in varioaséts (PDF, Word, HTML, etc.) are only
exploited as plain text. The transformation of such larg@ams of data in XML has to be handled
through appropriate tools and cannot be done manually.

We developed a Xyleme tool, calletMLizer, that allows identifying recurrent patterns in plain
text documents, learning these patterns, annotating elsreebe extracted, then using these patterns
to extract XML structures from a document corpus, while ptiog small variations in data with
respect to the learned patterns.

The functional architecture of théMLizertool is presented in Figure 2.9. During the learning
phase, documents from the learning corpus are processéxttaver recurrent pattern$he cleaning
module parameterized with a pre-processing grammar, extradystbase parts of the documents
concerned by the XML-ization process, and splits them int bilmicks (e.g. lines, paragraphs, etc.)
The model discovery modulalso parameterized with a token grammar, extragiateern of tokens
(model) from each block and realizes a clustering of pastesnsimilarity. This module also detects
repetitions inside a pattern (lists) and asks validatiothéouser in these cases. Clusters of patterns
are stored in th&nowledge baseavhere the user can delete, split, merge, modify them. Elashet is
characterized by gegular expression patterithat the user annotates in order to specify what parts are
to be extracted. The user specifies the target XML structneetlae transformation of the extracted
parts into this structure. Also, the user may indicate pgarkse stored ithesauri(e.g. country names,
person names), that are used for validation at run-time.

At run-time, documents to be XML-ized are split in blocksabgh the same cleaning module,
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Figure 2.9: Functional architecture of thdLizertool

then patterns extracted from blocks are matched with thimsedsin the knowledge base. In case of
successful match, information is extracted from the blaghidated with the thesauri (if necessary)
and transformed into XML. A salient characteristic of tklLizertool is that it allowsapproximate
matching i.e. if the pattern is close enough to one pattern in the kedge base, the tool accepts it
and realizes then an approximate extraction. Such sitgtoe frequent in practice, e.g. an address
that contain the floor number while addresses in the learrangus did not, etc.

If no match is found or the approximate extraction cannotdigegan exception is generated and
stored in the exception database. Hxeeption manageallows to the user an off-line visualization
of the exception context and possibly new document exaniplieed the learning process.

The XMLizerbelongs to the family of XML wrapping tools, such as W4F [SAQ9xto [BFGO01]
and many other commercial tools. Unlike these tools, thaegaly use existing structures in docu-
ments (e.g. HTML tree structure, Word styles, etc.), ¥MLizeris able to find structures in plain
text, to learn patterns and lists, and to allow approximadgching.
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Views for heterogeneous XML data

This chapter presents the main elements of my work on viewkdterogeneous XML data, in the
context of the PhD thesis of Imen Sebei. After a brief prest@n of the context of this research axis,
we present the two parts of this work: tgViewmodel, for application views in Xyleme, and the
OpenXViewmodel, for open systems on the web.

3.1 Context: views, query rewriting and rapid application development

The work in this research axis is closely related to the datgration issues in Xyleme, presented in
Chapter 2, but addresses a different context. We focus dicappn-oriented views for data integra-
tion, at a lower scale, thus in a more traditional data irstegn environment, without the limitations
of web-scale views and where a better expressive power caorsidered. If we still consider het-
erogeneous XML sources, the goal is here to make the accdisis tata as simple as possible, by
exploring universal relation-like views for novice usergldor rapid application development.

With such expressive application views, in the case of a f&)integration schema, the problem
of answering user queries is more complex than for XylemesieThis issue, also known as the
problem of answering queries using views [Hal01, LenO2li{ses are views over the global model),
has two aspects: (Query answeringwhich consists of describing the set of data elements ircesu
that correspond to a user query, and diilery rewriting which consists of translating the user query
into the source query language. Many query rewriting atgors, covering various data models
and constraint types have been proposed, e.g. Bucket,skwvate and MiniCon [HalO1, PHO1]
for relational data, constraint-based algorithms fortrefeal and XML data [DTO5, YPO04], etc. A
particular case corresponds to higher-level models, ssi@tyx [ABFS02] or Yacob [SGSO05], using
ontology global schemas, where the rewriting algorithmaseda onmplicit joins between sources
using key elements (Styx) or common attributes (Yacob).

The problem of simplifying the access to (heterogeneous) Xlsita was addressed in different
ways. Users that want to query a collection of XML documenés/rhave difficulties in manipulat-
ing XML structures and query languages, more complex thaherrelational model. This is true
not only for novice users, but also for application progragmsnthat are not XML experts. To sim-
plify query formulation, systems like XQBE [ABCCO03] and XjfErw03] use visual specification
of XML queries based on tree patterns, but users still neddtalle XML structures, express joins,
etc. Other systems allow writing queries with minimal knedde about the structure of documents:
keyword search in XML data [CMKS03, HPB03, GSSBO03] or tag keyvord search [LYJO4]. Such
systems are apropriate for interactive user queries, duadepted for application development over
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heterogeneous XML documents, because of their limitedesgire power (e.g. no joins) and lack of
precision.

Among the tools for rapid development of web applicationsero¢ML data, Qursed[PPV02]
comes the closest to our application development contaxtsé@ enables rapid development of inter-
active applications over XML data, based on web query fomusraports. It provides a visual editor,
which roughly takes an HTML query form (input for the userjeport template (output for the user)
and an XML Schema describing the data. The application éesefined by mappings between input
query fields and XML data, then between XML data and reporputut The limitations of Qursed
concern the management of heterogeneous or schema-freedékdlLand the development of non-
interactive applications. Commercial products, such a8 BEuid Data [BEA], provide advanced
environments for data integration and web application kbgveent, focusing on specialized pro-
grammers. A major limitation in such tools is the lack of sotfor creating views over multi-source
heterogeneous data; BEA Liquid Data uses query-based viesygpropriate for heterogeneous XML
management, and is not designed to mix many sources intgle siew.

In this context, our approach for simplifying the accessdtelogeneous XML data is to define
universal relation-like viewsthat provide a very simple query interface for users andiegifpn
programmers; querying the view is as simple as querying le thabough selection and projection
operators. Unlike keyword- and tag-based search, viewebaseries are precise, the price to pay
being the creation and the management of this view. A passitybroach for creating table views over
XML data would be to shred XML in relations, physically (likeany RDBMS today) or virtually
([HILT04]), then to create a relational view on top. This solutitt may work efficiently for
homogeneous XML documents, with no structural variatismat appropriate in our context: we want
to build views over heterogeneous and possibly schemaXidle, stored in any system supporting
an XML query language.

We also explored the best way of defining such applicatiowsiand shown that mediator-based
views are more appropriate than traditional query-basedwifor integrating heterogeneous XML
data. Mediator-based views, defined through a set of maptiatyveen structure elements, provide
a more structured view model, easy to edit and to modify thinowisual, intuitive tools. Moreover,
mediator-based views are adapted to the integration of m@umges and are more flexible than query-
based views at query rewriting for e.g. discarding useleEsaents and joins.

We proposed two such view models for heterogeneous XML iatem:

e XyView, adapted to data stored in XML repositories supporting anLXddiery language.
XyView is based on a GAV integration schema, but accepts #@didrset of source updates
that require low view update effort.

e OpenXView adapted to open systems, where sources are autonomousiapdidish new
content in an unpredictable manner. OpenXView uses a (G)iné&gration schema adapted to
a large number of heterogeneous sources. Query rewritihgsed orimplicit joins between
sources, that are not handled appropriately by classieaitieg algorithms such as MiniCon
[PHO1].

3.2 The XyView model

3.2.1 Motivation and goals

Huge amounts of data produced by companies, such as notésate, emails, progress reports, min-
utes, and other documents, are largely unexploited bechagalo not fit with traditional databases
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<!-- Document 1: National |eague result -->
<GanmeResul t >
<WreHeadi ng> ... </WreHeadi ng>
<Description> Real Madrid 1 - Valencia 0
</ Descri ption>
<Dat e> 2004- 05- 22 </ Dat e>
<Tean»
<Nanme> Real Madrid </ Name>
<Scored> 1 </ Scored>
<Scor er ><P| ayer Nane> Zi dane </ Pl ayer Name>
<Count> 1 </ Count >
</ Scor er >
</ Team>
<Tean»

<!-- Docunent 2: Inter-countries game -->
<Resul t Dat e="2004-03-15">
<Sunmary> France 1 - Spain 1 </ Summary>
<Scorer s>
<Pl ayer Goal s="1">
<Nane> Zi dane </ Nane>
<Country> France </ Country>
</ Pl ayer >
<Pl ayer Coal s="1">
<Nane> Raul </ Nane>
<Country> Spain </ Country>
</ Pl ayer >
</ Scorer s>
</ Resul t>

25

<Name> Val enci a </ Nane>
<Scored> 0 </ Scored>
</ Teanm>
</ GaneResul t >

<I-- Document 3: Sports encyclopedia --> Sample queries on football documents

<Encycl opedi a>
<Foot bal | > “ . . .
<Pl ayer ><Name> Zi dane </ Nanme> Q1: “Games in which Zidane scored

<Bi ogr aphy>. . . </ Bi ogr aphy> more than once”
</Player> Q2: “The biography of Zidane”
</ Eoot bal | > Qs: “Biographies of scorers
from games on 2004-09-08"

</ Encycl opedi a>

Figure 3.1: Examples of documents and queries

and tools. The advent of XML provides the opportunity to dethat, by storing such data in XML
repositories so as to be able to query them with tools morkistigated than full text search engines.
However, if data is heterogeneous and schema-free, qgetlyinrepository may be a difficult task.
The XyView model addresses the problem of simplifying geion such data and enables develop-
ing, easily and quickly, simple query API (web services) serinterfaces (web forms) over these
repositories.

Consider the example of a sports news company that handlesatéypes of news wires, which
are well formed XML documents extracted from text files, withglobal schema, and with different
structures. Figure 3.1 shows two such wires about footbalifaining results from national leagues
(Document 1) and results from international games (Doctirderhe news company wants to build
an application that queries through simple web forms th@uarfootball results wires and a sports
encyclopedia with detailed information about footballyges (Document 3). Document similar to
these three categories are stored in a single XML repositogollections identified respectively by
NationalUR] InternationalURlandEncyclopediaURI

The application queries, as those in Figure 3.1, may corfoetball results (Q), player biogra-
phies (Q), or both (Q). These apparently simple queries are in fact rather hgvtbigram in XQuery
as illustrated by Figure 3.2 for QuerysQwvhere the result is supposed to be a string).

We want to simplify the task of users that query this repogitby allowing them to view the
database as something as simple as a query form consistifigidsf that can be used to filter or
extract data. The solution we propose borrows from the us@leelation paradigm [UlI83]XyView
provides the means to easily view a set of heterogeneous Xddurdents as a single array that can
be queried through simple selections and projections.dgeghe fact that the elements of this array
are XML trees instead of atomic types, two fundamental diffiees with classical universal relations
exist:

e The array is not defined by a quenyut by a set of mappings and joins between structure el-
ements, such as in mediator views. The problem with uniVeedations is that, due to join
operations, projections generate many duplicates that@r@ways easy to remove, or alterna-
tively, joins can also be the cause of missing informationisTs usually solved by introducing
outer-joins but at the cost of having to deal with null values
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uni on(
For $docl in collection(National UR),
$varl in $docl/ GaneResul t,
$doc2 in collection(Encycl opedialRl),
$var2 in $doc2/ Encycl opedi a/ Foot bal | / Pl ayer,
$var 3 in $var 2/ Bi ogr aphy
Where $var 1/ Date = xs:date(’ 2004-09-08') and
$var 1/ Team Scor er/ Pl ayer Nanme = $var 2/ Nanme
Return string($var3),
For $docl in collection(lnternational URl),
$varl in $docl/ Result,
$doc2 in collection(EncyclopediaURl),
$var2 in $doc2/ Encycl opedi a/ Foot bal | / Pl ayer,
$var 3 in $var 2/ Bi ogr aphy
Where $varl/ @ate = xs:date(’ 2004-09-08') and
$var 1// Pl ayer/ Name = $var 2/ Name
Return string($var3) )

Figure 3.2: Query @expressed in XQuery

By defining it through a set of mappings and joins, the viewoisajuivalent to a query, but to a
virtual set of querieshat are generated on the fly to fit the user query, avoidingssgins and
useless paths in the view structure. The virtual set of geds deduced from the set of view
mappings and joins; XyView uses a GAV integration schemar@lthe role of query rewriting
is mainly to discard all useless view elements, in relatidgth the user query.

The view definition is highly structuredrganized at several levels. The task of the view admin-
istrator is much simpler when the view is defined through nraggand joins, because it may
be created, edited and maintained through intuitive, Visias.

Moreover, we introduce an intermediary view level, thgical data view(LDV), that deals
with data heterogeneitipy providing homogeneous tree structures for groups orbgémeous
sources, and that separates join and union operations widhedefinition, thus providing a
simpler view structure. This level also separates the viefindion in two mapping layers: a
GAV one, from the user view to the LDV, and a GLAV one, from thB\Lto source data, thus
providing a better control on view updates, e.g. when newcssuare added.

The practical goal of XyView is to optimize the productivibf web application programmers,

who are not database experts and to simplify as much as peo#sitask of creating and maintaining
such views. We created a set of tools on top of the Xyleme i&Epgswhich can easily be adapted
to any system supporting XQuery. These tools cover the viditing process, but also automatic
generation of web form applications based on these views.

3.2.2 The data model

A XyView view is organized at three levels, connected thtougappings and join predicates. Figure
3.3 presents the view levels in the case of the sports newsm&gmappings and join predicates are
not shown).

1. The first level deals with schema-free data, by defipingsical data view$PDV) that summa-

rize XML access paths to useful information in documentse &ample view contains three
PDVs that correspond to the three different document strast National International and
Encyclopedia

. The second level deals with heterogeneity, by defininggratedlogical data views(LDV)

over unions of physical data views with similar contents. The examplwicontains two
LDVs, Game which provides a homogeneous structure for game resul®Divis National
andInternational andEncyclopediawhich covers the last PDV.
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Physical Data Views

Logical Data Views

User Data Vie

National
GameResult

Description Date Team
Name Scored Scorer

PlayerNameCount

International
Result

Date(@)Summary Player

Goals(@) NameCountry

Game
Game

Date DescriptionTeam
Name NbOfGoaIs/Scorer

Name NbOfGoals

Encyclopedia
Encyclopedia

Football
Player

Name Biography

Encyclopedia
Encyclopedia

Football

Player

Name Biography

PlayerName
PlayerGoals
Scorer
Biography
Team
TeamGoals
Game
GameDate

GameDescription|

27

Figure 3.3: View levels for the sports news example

3. The third level defines thaser data viewasjoins between logical data views. Its structure is
composed of a set aonceptsthat the user wants to query as a table. This table repsetent
join between the two LDVs (the scorer nameGamemust be the same as the player name in
Encyclopedia

Physical Data Views (PDV) Physical data views represent the structure of XML dataiassibred

in the repository. We consider that data is organized irectibns of XML documents (clusters) and
that each collection providesdata summaryi.e. a set of tree structures representing the access
paths to documents in that collection. Data summaries|aina Lore data guides [GW97], represent
implicit DTDsfor the XML documents in the collection and allow handliny@ma-free data.

All the elements in a data summary do not necessarily casrebfo elements in the user view. A
PDV may discard useless elements, by removing branches arebying shortcuts in long branches
by using descendant connectiond)( E.g., in the view example in Figure 3.3, thNéreHeading
subtree has been removed from PNgtional while in PDV International elemeniScorershas been
discarded from the path layer, because it is useless and removing it introduces no antpidhée
edge leading t®layeris marked with//. Note that there is an edge above each root element in the
example figure, not shown for simplicity; this edge may alsoriarked with// if the root element is
discarded. Tree simplification eases the view design pspbgkeeping only useful access paths from
possibly cumbersome document structures. Algghortcuts significantly improve query processing
of the final XQuery, by reducing the number of structural dtiads to check.

Actually, the notion of PDV is more general than its illusioa in XyView. Generally speaking,
a PDV is an intermediary view level between data sources hadjobal level. If a data source
S = (Sg,Cys) is defined by a collection of XML documeng€$s and a tree schemsi, and the global
level is defined by a global schensa;, then a PDVp over the data sourcg is defined by:

e A PDV tree structureS,, obtained from the source tree structufe by eliminating useless

nodes, as explained above. The PDV tree structure is a trbelatieled nodes and edges,
where edge labels may b¢™(default value) or 7/ /”.

¢ A collection of document§’, over which the PDV is defined, its default value being the data
source collectiorCs.
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Physical Data Views Logical DataViews Logical Data Views User Data Viey
NatlonalGa Result Game PlayerName

_ S . Game PlayerGoals

Description Date Team S
b 4 /I\ ~ o R Date DescriptionTeam Scorer
- “  Name Scored Scorer N G \ .
’ RN ame Name NbOfGoals Scorer Biography
\ PlayerNameCount _ _Game AN
; - ——=" — « Name)NbOfGoals| Team
| International - Dlate Description  Team ---
: /RTS““\// | /I\ Encyclopedia  Encyclopedia TeamGoals
I
I Date(@) SUW , Name Nbo%corer Footbal Game
C A ! |
! Name NbOfGoals|
| | Goals(@) Name Countr] : Player GameDate
Lol L ____ ., _
« Name} Biography GameDescriptiof
Mappings — .
Mappings PPINgS  player -—> Game:Game/Team/Scorer/Name

Encyclopedia:Encyclopedia/Football/Player/Name
PlayerGoals ——> Game:Game/Team/Scorer/NbOfGoals
Biography ——> Encyclopedia:Encyclopedia/Football/Player/Biogt

Game:Game ——> National:GameResult, International:Result
Game:Game/Date ——> National:GameResult/Date, International:Result/Date

Joins (Game:Game/Team/Scorer/Name,
Encyclopedia:Encyclopedia/Football/Player/Name, "=")

Figure 3.4: From physical to logical data view, from logitaluser data view

¢ An element-to-element mappibgtween the global schen$a; and the PDV structur§),, such
that any element df; is mapped t@t most onelement inS,,. Therefore, the mapping between
S¢ andS, can be defined by partial functiondefined on the set of elementsSga, with values
in the set of elements if,,.

The mapping constraint in the PDV definition is essentiagufé 3.4 illustrates XyView LDV-
PDV mappings, represented as sets of GLAV path-to-pattigea similar to those in Xyleme views
described in Section 2.2.2. The difference with Xyleme @awmes from the mapping constraint:
a LDV path cannot be mapped to more than one path in a PIDNs rule guarantees that any set of
paths in a LDV (any subtree) has most one translatiomto a set of paths (subtree) of a PDV. In
Xyleme views this was not true, and an abstract tree pattutd have many translations, filtered by
the set of constraints we defined; the problem is that sonme neadrritings may be lost, while some of
the rewritings obtained may be wrong. This is acceptablevies scale applications, but not for the
XyView context.

In XyView, a single rewriting is possible in each PDV, thuggision is guaranteed by the view
designer that created the PDV. But this also means that angmdustructure may lead to several
PDVs and the price to pay is that the view designer must ciyedutract the PDVs from the data
summary structures and maintain them in case of changes.x@nme is presented in Figure 3.5:
for the LDV on the left, two PDVs can be extracted from the doeunt structure (we consider the
obvious path-to-path mappings). Notice that Xyleme vievesil produce no rewriting of the LDV
tree, because theorkOfArt - styledescendant relationship is not preserved in the documettste.
Notice also that automatic PDV extraction, by combinindhp@atpath mappings, could be considered,
but user validation cannot be avoided. In our example gtikery/styleelement may correspond to
the style of paintings and not to the one of the other art itamly the view administrator can decide
if gallery/styleshould be included or not in the second PDV.

For query answering over PDVs, the semantics of a R@Wer a collection of documentsmay
be summarized as follows. The interpretation of any tupie, ..., pni| of nodes of the PDV tree
is given by the evaluation of query pattern tre@ver the collectiorc. The query pattern tree is the
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work&Art gallery gallery gg!lery
/\ artStyle painting miscArtltem artStyle paintin; artS/le miscArtltem
title author style Y pA & N\ v p/\ & >
title author title author title author title author
LDV Document structure PDV1 PDV2

Figure 3.5: An example of multiple PDVs in a document strrestu

subtree ofp that haspn, ..., pn;, as leaves and that asks all of them for projection. Intuigjvihe
elements in the returned tuples dhe closest possiblert the PDV, because they have the closest
possible common ancestor in the document (because of ttegrpaee structural constraints).

Logical Data Views (LDV) Logical data views are defined by a group of PDVs, a homogeneou
tree structure for those PDVs and a set of path-to-path mgpmetween the LDV structure and the
PDV structures, illustrated in Figure 3.4 and discussedabo

LDVs provide a homogeneous XML structure for query resiks,the value of a concept mapped
to an LDV element has the XML structure of that element in tB®/liree. For query answering, the
semantics of an LDV over a set of PDVS may be expressed as follows. The interpretation of any
tuple[iny, ..., Ing] of LDV elements inl is the union of the intepretations of tupldgni, ..., pny] for
all PDVsp € P, wherepn, is the (unique) element of mapped tdn;, Vi € {1, ...,k}. If somein;
has no mapping ip, the interpretation ofpn, ..., pny] is considered to be empty.

This union semantics of LDVs and the GLAV mappings betweewv&R@nd PDVs allow flexible
updates of the view inside each LDV group. E.g., to add a neW @ LDV group, one have to only
compute the mappings between the new PDV and the LDV.

User Data View The user data view consists of a set of typed concepts, tragipimgs with LDV
elements and a set of predicates that are used to join the LBMsire 3.4 illustrates the user data
view for the sports news example. Mappings, of the feaoncept-to-LDV pathare similar to LDV to
PDV mappings, but join specification, as a set of predicatkging paths in the joined LDVs, makes
the global mapping between concepts and LDVs a GAV one (an d&pénds of other LDVs because
of the joins). The example shows several mappings and thguerjoin (by equality) between the
player names in the two LDVs.

Concepts are typed by the view designer, for instdPlegerGoalsis an integerGameDatds of
type datePlayerNamas a string, whileGameis an XML element.

The semantics of a user data view can be intuitively sumrmdrés follows. The interpretation of
a tuple of concepts is a n-ary join of partial tuples of LDV eedfound in LDVs through mappings.

View construction The components of a view depend each other, e.g. PDVs depetittalata
summaries and on mappings to LDV elements (in order to réspeaunique mapping constraint),
LDVs depend on the set of corresponding PDVs and on the ctsocegpped to them, etc. In this
context, the view definition flow could respect the followischema:

1. Fix the view domain, i.e. the set of document collectionthe repository, then extract the data
summaries for these collections.

2. Establish the set of concepts (the user view), based dinthwledge that the view designer has
about data in the repository and the application domain.

3. For each data summary, establish the mappings betweenddes and concepts, then extract a
set of PDVs from the data summary structure by respectingrigtie mapping constraint.
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Step 1 Step 2 Step 3 Step 4
identify LDVs and joins in query | add query annotations to LDVisfind PDVs matching the query generate and annotate combinations of PDV join:
Concepts LDV Game PDVs for LDV Game
Biography Game @
GameDate T~ a Iona_ GameResult Encyclopedia
LDVs Date --- Team International P e
Game {= 2004-09-08} "\ both have mappings for |--. Date  Team ootba
. . /. Scorer the marked nodes {= 2004-09-08¥"\
Encyclopedia | Date and Name ... Scorer Player
Joins Nane PlayerName = —Name Biograph
Game/Team/Scorer/Name = Join,(2) ayerName — —Name Blography
Encyclopedia/Football/Player/Namepy Encyclopedia : PDVs for LDV Encyclopedia @ _ ]
Encyclopedia | [International | [Encyclopedid
| ncyclopedia Result” Encyclopedia
Football 1 has mappings for |
1 the marked nodes Date(@)--- Player Football
Player 1 Name and Biography {= 2004-09-08}
| . Name_ Player
N (=
Name Biography ! { N .
_________ | Name Biography

Figure 3.6: Steps for translating Query:Qel ect BiographyWier e GameDate2004-09-08

4. Group PDVs by the set of concepts they cover (i.e. the qiagaapped to the PDV); a group
contains PDVs that cover the same (or almost the same) sehoépts.

5. For each group, build an LDV structure and create the nmggsptio the PDVs.
6. Create the concept to LDV mappings and define the join pates.

3.2.3 Query rewriting

As is the case with universal relations, the query languagparted at this level consists of selections
and projections over concepts, where selection predickpsend on the concept type. For instance,
Query @, that returns biographies of scorers from games on 200480%as the form:

Sel ect BiographyWher e GameDate= 2004-09-08

Query rewriting mainly consists of a GAV rewriting of the ugpiery into a join of LDVs, then
into a union of joins of PDVs. At each rewriting level, usalagew elements (joins, tree paths) are
discarded. The last step is to transform the PDV rewritirig an XQuery over the repository. Figure
3.6 illustrates this rewriting process for Query.Q

Step 1 identifies the sets of conceptg){CLDVs (L) and joins () involved in queryQ. Basi-
cally, Cg is composed of concepts addressed in the selection or porjedauses of), Lg of LDVs
that have mappings to concepts ip @nd ) of joins between LDVs in k. This allows eliminating
from the rewriting all the LDVs not in b and joins not in . Other semantics for 4. are possible
in XyView, e.g. by removing redundant LDVs (those contribgtwith concepts already provided by
other LDVs in Ly), or by including LDVs that appear along some join path betwkeDVs in Lg.

Step 2 consists of adding query annotations to the nodes ¥klffdm L. Annotations include
projection marks, selection conditions and join marksaigtd from the corresponding query con-
cepts, through mappings. This produces an equivalenttiegf the query at the LDV level, as an
n-ary join of LDV pattern trees.

Step 3 detects for each LDV ing-the set of PDVs that provide a non-empty interpretation ef th
annotated LDV nodes.

Step 4 generates all the combinations of PDVs found at Stehi8;produces the rewriting at
the PDV level, as an union of n-ary joins between PDVs (one @r combination). LDV trees are
replaced by PDV trees and node annotations are obtainedUidrs by using LDV-PDV mappings.
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The final step produces the equivalent XQuery rewritingsti-each PDV tree is minimized, by
keeping only paths that lead to annotated nodes. The mguhlee patterns are used to generate
a union of flat FLWR XQueries, expressing the structural taigts in each PDV tree and joins
between these trees. The final XQuery obtained for Qugrng Qresented in Figure 3.2 above. More
details on the rewriting algorithm are given in [VCCSO06].

Comparison with query-based views XyView differs from standard view mechanisms relying on
query composition: the view is not defined by an a priory quet by mappings that allow an
opportunistic adaptation of the view to the user query.

A query-based view must provide a full view over the docunstnictures for all the concepts.
A good candidate for the view query ike user query that projects all the view concepis. its
translation through the previous algorithm. A query on thésv faces problems such data lossand
duplicates due to the presence of unnecessary joins and PDV paths unetlielefinition wrt the user
query.

For instance, a query that asks for player biographies wootdeturn biographies of players that
are not recorded as scorers, because of the join between Gaw®andEncyclopediaunnecessary
for this query. Using outer-joins avoids data loss, buiodtices null values and duplicates. Similarly,
when asking for game descriptions, the view only providesegmfor which all the concepts in the
GameLDV tree can be instantiated, i.e. games without scorers@ireeturned.

Also, the query asking for player biographies will producelitates because of the unnecessary
join - the player’s biography is returned each time it appeara scorer. The same is true for the query
on game descriptions - the same game description is retfioneach scorer of the game. Duplicates
can be eliminated througtistinct operations, but this has a cost and it is sometimes difficult t
distinguish between good (existing in data) and bad dujgsca

Typing Query results may be typed in several ways:fl@jten as stringssuch as for Query
in Figure 3.2, where thetring function is applied to the element, (ilnchangedi.e. returning the
elements without transformation, thus producing hetaregas results, or (iiijyped following the
LDV tree structure

Typing is specified throughDV node transformationgdescribed as node annotations. Consider
for instance a query close tos(Xhat asks foiscorer information(name and number of goals) from
games on 2004-09-08. Results typed following the LDV shdaddbcorerelements, composed of
Name(string) andNbOfGoals(integer) subelements. This is obtained by annotating EBdhnode
following its type. E.g., thé&corernode is annotated as follows:

Return: <Scorer> $1 $2 </ Scorer>

Symbol "$i” indicates the i-th child of the current node irethDV tree, which will be recursively
typed following its own annotation. Note that XyView adafite recursive tree typing of an element
to each PDV: in the tree result, only branches that appe#ei®PDV are considered. For instance, if
a PDV does not have a node correspondinilb®fGoals Scorerresults in that PDV will only have
aNamesubelement.

We also use symbol "$$” to indicate the XML data element tlwatesponds to the current node.
For instance, the annotation of a leaf node (sucNa®¢ for LDV typing would be:

Return: <Nane> string($$) </ Name>

Note that this annotation mechanism allows expressinghte= ttyping methods above and en-
ables additional customization of results typing. Moreadston LDV node annotations in XyView
are given in [VCCSO06].
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Figure 3.7: XyView editor and web-form generator

3.2.4 The XyView system

XyView has been implemented as a set of tools for rapid deveémt of web applications over the
Xyleme XML repository, but can be easily adapted to any sygteat supports XQuery. The XyView
system is composed of the following modules:

o A view editor(upper-left window in Figure 3.7) that enables visual deratind modification of
XyView views, through editors for each view component: POMsing data summary extrac-
tors), LDVs, concepts, mappings, joins, etc. Views are dawea persistent form, as a set of
XML files.

A run-time environmerthat provides a simple Java API for using XyView views in welnfi

or web service applications. The XyView API allows creafingdifying views, loading/saving
views from/in the persistent form, building and translgtirser queries against the view. Note
that XyView does not interfere in the communication betwé#en application and the XML
repository, but simply provides a query rewriting servittes architecture simplifies the adap-
tation of XyView to any system supporting XQuery.

A web-form application generatdgupper-right window in Figure 3.7) that provides a graphica
environment for creating simple web-form applicationsraf®e Xyleme repository. The sys-
tem automatically generates the HTML query form (bottofhadndow) and the application
servlets producing the query report (bottom-right window)
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3.3 The OpenXView model

3.3.1 Motivation and goals

OpenXView [BSSV06a, BSSV06b, BSSV07], addresses the pnoloff XML data integration ilopen
integration systems, overlarge number of sourcesvhere users may freely publish data in order to
share information on common interest topics. A typical epkmnis peer-to-peer [KP05] communities
sharing structured content, such as XML data. The key ctegistic of open integration systems is
source autonomyn publishing data, leading thequent and unpredictable changesdata and in
the composition of the set of sources, andl&da heterogeneitjor documents whose structure was
independently designed by different users.

A view model for heterogeneous XML data such as XyView is mmtrapriate in this context,
because of the frequent and unpredictable changes in sopuvhe&ch may lead to a reorganization of
the view structure (the grouping of PDVs by LDV, the struetof LDVs, joins, etc.)

OpenXView is an evolution of XyView towarda more flexible modgwhere the intermediary
LDV level disappears, where union groups and joins betwhemtare automatically generated at
query rewriting, depending on the user query. It uses a GLRegration schema, appropriate for
large scale integration in open systems.

The global integration modeddopted by OpenXView is a mix afntologiesandtree-like XML
schemasthat combines the advantages of these two most commonlgiotdels for XML data
integration [HIMTO3]. The advantage of tree-like schenma iower model mismatch with source
data, thus simplifying mapping generation, query rewgitand results typing. The advantage of
ontologies is a better expressive power for the global maaelppings and queries, but mapping
generation and mapping update are generally too compldarye scale integration. We proposa a
hybrid integration schemaa simple ontology, where concepts have attributes orgdriizhierarchies
(such as in XML structures), but may be connected throughway "relatedTo” relationships, more
flexible for mapping constraints than "partOf” XML relatien

On the source side, users publiBhysical Data ViewgPDVs), such as in XyView. Mappings,
similar to LDV-to-PDV mappings in XyView, are directly exgssed between the global schema and
PDVs. They are generated together with PDVs at publicatioe.t

Concerning user queries, OpenXView has the same goal asXy\é very simple query language
for heterogeneous XML data, based here on selections arnecpoms over concept attributes in
the ontology. Unlike XyView,joins between documents araplicit and are based octoncept key
attributes defined for each concept in the ontology. This completetlesithe way concepts are
fragmented among sources, to both users that express gj@erieto those that publish data, thus
providing a higher abstraction level in data management.

For now, we addressed in OpenXView the model definition aegtioblems of query answering
and query rewriting; other issues, such as data publicasiit,ema maintenance and query optimiza-
tion are left for future work. We followedwo main goalsin OpenXView query rewriting: (i) to
provide algorithms that are scalable with the number ofsesjrand (ii) to introduce criteria for lim-
iting the number of query rewritings to a "most pertinentbsat, their number being very large due
to the use of implicit joins.

The closest related work to OpenXView are XML integratiostsyns such as Styx [ABFS02], and
Yacob [SGSO05], that use an ontology as a global schema angtiingins. Styx uses concept keys
for implicit joins, but its query rewriting algorithm doesnscale with the number of sources. Yacob
uses both explicit and implicit joins, but defines a spe@ald(very expensive) algebraic operator to
compute concept extensions through implicit joins, indteBproducing XQuery rewritings. Tradi-
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Figure 3.8: An example of OpenXView ontology, Physical Déiaws (PDV) and mappings

tional query rewriting algorithms for LAV systems, such amMon [PHO1], or Chase & Backchase
(C&B) [DTO05] do not work in the case of implicit joins.

3.3.2 The OpenXView data model

We give here an informal presentation of the OpenXView dataleh elements, illustrated by an
example.

Ontology, concepts, attributes An OpenXViewontologyis a labeled graph, whose nodes, called
conceptshave unique labels representing the concept name.

Eachconcepthasa set of attributesorganized in a&omposition hierarchyepresented as a tree
with labeled nodes. By convention, the root of this tree hassame label as the concept. Attributes
are not shared between concepts.

Attributesaretyped types may batomic(integer, date, string, etc.) oomposedXML element).
Only leaf attributes may have atomic types, all non-leatflaites are composed.

Each concept haa key, composed of a subset of its leaf attributes. Intuitivecrekey value
identifies an "instance” of the concept in the real data, fisele below.

Each edge in the ontology graph represents an untypedéddlat relation between concepts
that implies a relation between the concept instances, [daiegd below.

Figure 3.8 presents an example of OpenXView ontology, camgamf four conceptsStadium
Game Teamand Scorel), each one having a set of attributes organized in a conipogiierarchy,
e.g. the stadium address is composed of a city and a zip cauesirRplicity, no distinction is made
between a concept and the root of its attribute tree. Coadepts are represented in italic font,
e.g. namefor conceptStadium id for conceptGame There are relations defined between concepts
(Stadium - GameGame - Teanand Team - Scorer represented by an untyped edge (edge with no
label) in the ontology graph.

Data sources, mappings OpenXViewdata sourcesrecollections of XML documentbkat publish
atree-like schemaver these documents. We use here the same source modeXy@deny where a
data summary structure is extracted from the set of docisnent
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Also, we adopt the XyView’s notion dPhysical Data Viem(PDV), presented in Section 3.2.2.
The only difference is that in OpenXView the global modelab®DVs is the ontology, while in
XyView it was the LDV. Each data source produces upon putitinaa set of PDVs over its collection
of documents, and thmappingsetween the ontology and each PDV.

Figure 3.8 describes five PDVs, for documents about footzaties. Nodes annotated with (@)
represent attributes. Mappings between PDVs and ontoltigigudes are presented here grouped by
attribute. Each ontology node has at most one correspomdidg in each PDV, e.¢gtadium/address
is mapped téFootballGamesHistory/event/addréadPdv], to/StadiumEncyclopedia//Stadium/address
in Pdv2 etc.

Concept instances, constraints Intuitively, a concept instances identified by a given value for
the concept keyA concept occurrenceorresponds to an occurrence of a concept instance (key) in
a document. There may several concept occurrences of a concept instandbe source data. A
concept occurrence is composed of all the elements comdsppto the concept’s attributes "accom-
panying” the key element (as explained below). A conceptimence may beompletewrt a setA

of the concept’s attributes, i.e. it contains all the attt@s inA, but in many cases it jgartial (some
attributes are missing)Joining concept occurrences on the concept key attribute allowairoby
complete values. Note that obtaining a single value for @ephinstance (by combining occurrences
for the instance key) depends on several modeling choiceb, & accepting or not multiple values
for an attribute (e.g. several descriptions for the sameeaor the way of handling contradictory
attribute values (e.qg. different capacity values for aistadn two different stadium occurrences).

Figure 3.9 presents an example of XML documentRdr3 Note that the multiplicity for PDV
elements is always "*’ (zero-or-many), so not all the eleiseare always present. Also, other ele-
ments, not related to the ontology, may exist, eeferee Given the mappings with the ontology, the
document contains three occurrences for conGgrhe(for instances of keys "N5”, "N8” and "122”)
and two for concepSBtadium("Gerland” and "Vélodrome”). E.g. the occurrence @amefor key
"N5” is composed of nodes 3, 4 and 5, corresponding to thibates ofGame’accompanying” node
4 that holds the key. All these occurrences are partial vertsigt of all the concept attributes (date
missing forGame capacity forStadiun), complete values may be obtained by merging them with
other occurrences for the same key value.

Ontology relations between concepts and between attslerpressonstraintsto be satisfied
in data sources, in order to enforce semantiés’partOf’ relation between attributes constrains
the associated XML elements in a source document to haveiksiipartOf’ relation (descendant
relation preservation). Our choice is theck "partOf” relations between attributes at publishing
timeand to only accept mappings that respect this constraigt, B.Figure 3.8, ilGameis mapped
to /Games//Gamén Pdv3 only mappings forGame/descriptiorio descendants dfsames//Game
are accepted (her€&ames//Game/injo This constraint allows representing concept occurremsse
subtrees, e.g. nodes 3, 4 and 5 in Figure 3.9 form a tree.

By contrast,’relatedTo” relations between concepts are less restrictive and are not checked at
publishing time. They express a relation between concegpamees and may have a different mean-
ing from an application domain to another. For simplicitye define relations between instances as
follows: for two related concepts; andc,, an instance; of ¢; is related to an instancé, of ¢, iff
there exists an occurreneg of i1 "directly connected” to an occurrence; of is in some documertt
belonging to a PD\f having mappings to botty andc,. Direct connection is defined as follows: oc-
currence®; ando, are directly connected if they are "the closest” possibletiag PDV, i.e.they have
a common ancestor at the same level as the lowest commonta@nitethe PDV. Other definitions
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Figure 3.9: An example of XML document for Physical Data Viedv3

are possible, e.g. adding descendant relation constizetigeen occurrences.

In the example of Figure 3.9, the PDV nodes correspondingneeptsGameand Stadiumhave
the lowest common ancestor (LCA) in elem&®me Hence, theGameoccurrence of key "N5” is
directly connected to th8tadiumoccurrence of key "Gerland” (LCAGamé§, but not to the occur-
rence of key "Vélodrome” (LCANationa)). Also, Gameoccurrence "122" is not directly connected
to anyStadium(the LCA with bothStadiumoccurrences i§&ame$. This example document produces
two couples of relateGame - Stadiunmstances, "N5” with "Gerland” and "N8” with "Vélodrome”.
Other couples of related instances may be found in otherrdents.

3.3.3 Query answering and query rewriting

An OpenXView query @ is a conjunctive selection/projection query over the sebrblogy at-
tributes:
Q: Sel ect aq, ...,a,

Wher e cond;(a)) and...and cond,,(al,)
whereaq; anda; 1 <i<n,1< 5 < m are attributes andond; are predicates over the attribute
value, compatible with the attribute type.

We give here a sketchy semantics for OpenXView queries anthéoquery rewriting algorithm,
based on the following simplifying hypothesis:
e Concept keys are composed of a single attribute.
e Concept attributes are single valued.
o All the attributes of a concept are at the same level, theie structure may be considered
afterwards for building a structured result.

We consider the followinguotations

e For an ontologyO, concepts(O) is the set of concepts (nodesy](O) is the set of "relatedTo”
relations (edges) in the ontology graph artdl-(O) is its set of attributes.

e For a concept, attr(c) is the set of its attributes arigky(c) is its key attribute.

e For a set of conceptS, rel(C) is the set of "relatedTo” relations between the concepts.in

e For a PDVp: coll(p) is the collection of documents over whighs definedtree(p) is its tree
structure andvodes(p) is the set of tree nodes.

e The mapping between ontologyand PDVp is a functionmapping, : attr(O) — (nodes(p)U
{nil}), where the special valueil means "no node”.

e For a PDVp, attr(p) is the set of ontology attributes mappedptoi.e. attr(p) = {a €
attr(O)|mappingy(a) # nil}

e For a queryy, attr(q) is the set of attributes that appear in the quesyicepts(q) is the set of
concepts of these attributes and(q) is the set of "relatedTo” relations between these concepts.



3.3. THE OPENXVIEW MODEL 37

Query answering The interpretation of a tuple of PDV nodes, ..., n;] belonging to a PD\p is
the same as considered in XyView (Section 3.2.2), i.e. tladuation of a query pattern tree over the
data source collection of documents, satisfying the "¢lese” constraint of the tuple’s elements.

The interpretation of a tuple of attributgs, ..., a,,] in the ontology wrt a PDV is the interpreta-
tion of the corresponding PDV node&(|a1, ..., a,], p) = I([mappingy(a1), ..., mapping,(ay)], p)

If somemapping,(a;) is nil (attributea; has no corresponding node i), the interpretation is
the empty set.

The interpretation of a tuple of attribut@s, a4, ..., a,,] belonging to a same conceptin a set of
PDVs P, wherek = key(c), is given bythe union of all the possible joins (on the key) of partial
tuples from different PDVd et us noted = {ay, ..., a, }, Wwherek ¢ A and letPartition(A) be the
set of all the partitions ofl. An element ofPartition(A) has the form{ Ay, ..., A, }, whereA; C A.

By convention, if4; = {a;,, ..., a; }, then[k, A;] stands fork, a;,, ..., a;,].

I([k,a1,...;an], P) = U I([k, A1), p1) Mg .. Mg I([k, Ap]p)  (3.1)
{A1,... A }ePartition(A)
{p1,-,pm }EP,A; Cattr(p;)

The interpretation of a "relatedTo” relation between cqise; andc, in a PDVp is given by all
the couples of directly connected occurrences;@ndc, in the documents of PDY:

A
I(Tclcmp) = I([key(cl),k’ey(@)],p) (32)
The same relation in a set of PDVAis interpreted as follows:
I(reyes, P) = | I(reres s p) (3.3)
peP

The interpretation of a tuple of attributes belonging toesal/concepts;, ..., ¢,, in a set of PDVs
P is given by an independent interpretation for each conagptbined with the interpretation of
the "relatedTo” relations. That means that only combinmetiof concept instances that respect the
"relatedTo” relations are accepted.
I([kl, CL1717 vouy al,nl, veny km, am71, vouy ammm], P) =
xi (L([ki, Qi1 ooy ai,”i]? P)) Mkt o (Nr@“el({cl,...,cm}) I(r,P)) (3.4)

wherek; = key(c;) anda; ; are attributes of;.

Finally, the interpretation of a queryis obtained by considering the tuple composedif(q)
and of the keys of concepts incepts(q), and by realizing the selection and projection operations
on the interpretation of this tuple.

Query rewriting  The query answering expressions above already provideia dpasry rewriting
algorithm. It is easy to show that the resulting rewritingegiivalent taa union of unit rewritingsby
transforming formula 3.4 into a union of joins.

A unit rewriting does not contain unions, it is composed of a n-ary join of P can produce
answers to the query. Joins on each concept key are necésdanyd tuples with all the concept’s
query attributes, by merging concept occurrences. Aduitijpins for the "relatedTo” relations may
be necessary to include PDVs that provide an interpretdtiothese relations.

We say thata PDV p covers a set of attributes! if attr(p) 2 A. A PDV covering A can
provide tuples composed of all the attributes4dn A PDV p covers a "relatedTo” relationbetween
two concepts:;; ande, if p’s structure can satisfy the corresponding constrainth\tie "relatedTo”
interpretation chosen abovemust simply cover the keys ef andcs.

A unit rewriting for a queryy is described:



38 CHAPTER 3. VIEWS FOR HETEROGENEOUS XML DATA

e For each query concepte concepts(q), by a set of covering PDVs joined drey(c) and a
partition of the concept’s query attributeg{r(c) N attr(q)) among these PDVs. The partition
expresses what attributes each PDV "provides” in the re3iiis corresponds to a term of the
union in Formula 3.1.

e For each "relatedTo” relation € rel(q), by a PDV that covers.

In other words, a unit rewriting must specify, for each &tite or relation in the query, the PDV
that provides that element. In the example of Figure 3.8, ssipte unit rewriting for Queng).:
Sel ect Game/description, Stadium/name, Stadium/capaeityld be:

e For conceptGame Pdv3 that providesGame/description

e For concepStadium Pdv3 that providesstadium/namandPdv4 that providesStadium/capacity
e The relation betweeameandStadiumis provided byPdv3

A unit rewriting can be easily be translated into a simple R\WQuery expression, e.g. for the
example above, the XQuery rewriting would be (results tgpgnot considered here):

For $doc3 in collection(Pdv3URlI), $doc4 in collection(Pdv4URl),

$g3 in $doc3/ Ganes// Gane, $n3 in $g3// Stadi unm @ane, $s4 in $doc4// Chanpi onsLeague/ St adi um
Where $g3// Stadi um @ane = $s4/ @ane
Return <Result> {$g3/info, $n3, $s4/capacity} </ Result>

The number of unit rewritings produced by Formula 3.4 may éxy Varge. We aim at reducing
them to a smaller, "most pertinent” subset, and at exploringiuture work, theranking of unit
rewritings, in order to execute them following an order ghiaduces the most pertinent results first.

We introduce severalnit rewritings equivalence and containment criterjdased on reasonable
symplifying hypothesis:

Equivalence: Two unit rewritings having the same sets of covering PDVsefach concept and the
same PDVs for the "relatedTo” relatiorsse equivalent whatever the partition of attributes
among covering PDVsis. This is based on two simplifying higpsis: (i) for a concept instance
(key value), attribute values found in any occurrence aeestime or equivalent, and (ii) any
partition of attributes between the covering PDVs produbessame set of concept instances.
In practice this is not always true, especially for the secpaint (tuples with more attributes
match less occurrences), but we consider that the diffegeace insignificant.

Containment: For two unit rewritingsur; and ury, such that the set of covering PDVs for each
concept inury is included in the corresponding setwof,, and that have the same PDVs for the
"relatedTo” relations, we consider that- is contained inur;. The idea is that, for a concept
covered by a set of PDVs, the set of concept instances prddyceerging occurrences is the
intersectionof the sets of instances provided by each PDV. Adding a new ®RillYeduce this
set of instances to a subset.

The consequences of these criteria on query rewriting canfpenarized in two points: (i) in unit
rewritings,only the set of covering PDVs for each concept matteos the partition of the attributes
among these PDVs, and (ii) for each concept one mustlfi@gninimal set of covering PDVs

Query rewriting algorithm  The OpenXView query rewriting algorithm is based on the &boni-
teria and on two additional "pertinencedstrictionsthat reduce the number of unit rewritings:

1. The global set of PDVs that covers all the concepts andiorkin the query must also be

minimal. This limits the dispersion of query attributes argources that could produce less
pertinent results.
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2. A’relatedTo” relation between conceptsandcs, must be provided only by PDVs belonging
to the sets of covering PDVs @f andc,. Two variants are possible: (i) belong to both sets
(strict condition), and (ii) belong to one of them (relaxexhdition).

The containment criterion and restriction 1 above raisesapmial issue in the OpenXView query
rewriting algorithm: the computation ofinimal covers A coverof a set of attributest with a set of
PDVs P is a subsetp of P that covers, i.e.|J ¢, attr(p) 2 A. A minimal covelis a cover where
no PDV can be removed without breaking the coverage.

The rewriting algorithm for a query consists of the following steps:

1. Reduce the size of the problem, by creatiogiivalence classes of PDVEvo PDVspy, po are
equivalent if they cover the same subset of query attributés(p,) N attr(q) = attr(pz) N
attr(q). Computing minimal covers will use equivalence classeteatsof PDVs. This reduces
the size of the problem frody PDVs (that may be very large) down2b—1 equivalence classes
(empty coverage class is discarded), where the number of query attributes.

Compute the se/ C' of global minimal covergof attr(q)).

3. For each conceptin concepts(q), compute the sed/C,. of concept minimal coverff the
query concept attributesttr(q) N attr(c)).

4. Compute the sét M C of combinations of minimal covers of query concepts arecompatible
with the global minimal covers
CMC = {[mecy, ..., mep]|me; € MCy,Uyme; € MC'}, whereconcepts(q) = {c1,...,cn }.

5. For each combination of minimal covers.c € CMC, compute the sekRC..,,. of combina-
tions of "relatedTo” coversby considering that each relatiep., € rel(g) can be provided by
elements inmc; N mc; (strict condition) or inmc; U mc; (relaxed condition).

6. Each couplécmc, rceme) € CMC x RC.,. provides a unit rewriting over equivalence classes,
that can be easily transformed into a set of unit rewritingsr ®DVs, by considering all the
combinations of PDVs in the equivalence classes.

n

Consider the case of the example quély above, whereittr(Q.) = {Game/description, Sta-
dium/name, Stadium/capacjty There are two equivalence classeg:={Pdvl, Pdv2, Pdv4, Pdy5
that coversStadium/namend Stadium/capacityandclo,={Pdv3} that coversGame/descriptiorand
Stadium/nameThere is a single cover, which is a minimal cover, compoddabth classes)M C =
{(cly, cl2)}. For conceptGame cly provides the only cover, which is minimal/Caame = {(cl2)}.
For Stadiumthere are two possible coveks; ) and(cly, clo), but only(cly ) is minimal, soM C'siadivm =
{(cl1)}. The only combination of minimal covers ésnc = [mcgame = (cl2), mcsiadium = (cl1)],
which is compatible with\/ C, becausencgame U mcsiadivm = (cli, clz) is a global minimal cover.
The Game-Stadiunmelation is covered bydv3in cly, andPdv4, Pdvain cl;. There is no way to
cover this relation under strict conditionsi{came U mcsiagium = 0), but it can be covered under
relaxed conditions, byls (Pdv3 or cl; (Pdv4, Pdv).

The final result is composed of several unit rewritings:

e Gameandrgame—Stadium N clo (i.e. Pdv3, Stadiumin ¢l; (i.e. Pdvlor Pdv2or Pdv4or Pdvs.

This produces four PDV unit rewritings.

e Gamein clsy (i.e. Pdv3, Stadiumandrgame—stadium 1IN cl1 (i.e. only Pdv4, PdvBbecause of

the rGame—Stadium relation). This produces two PDV unit rewritings.

Minimal cover algorithm  We proposed in [BSSV06b] a very efficient algorithm for mininaover
computation, which is a critical operation at query rewgti The basic idea is torecomputell the
possible minimal covers for a sdtof k& elements, with subsets df, for k£ = 1, 2, 3, etc. Figure 3.10
presents an example of minimal cover computation for a qoksyze k=3.
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a) Initial status b) Intermediate status c) Final status
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Figure 3.10: Minimal cover computation algorithm

We consider that the set of precomputed minimal covers Holdsemory. In practice, we use a
bitmap M SC;, to store the precomputed minimal covers for sets of iZEhe bitmap hag”* — 1 lines
(one for each possible subset, exceptingfjoand as many columns as minimal covers. The example
in Figure 3.10 used/SC3, which ha2? — 1 = 7 lines and 8 columns (there are 8 possible minimal
covers for sets of size 3, named hege ..., cg). A "1" value in a cell that corresponds to a subset
A, and a cover means thatd; belongs tac. Hence, columns represent the composition of minimal
covers and lines indicate to what minimal covers belongh sabset.

Given a query; of sizek, Step 1 in the query rewriting algorithm above computes ¢t@sPDV
equivalence classes. Each equivalence class is identififtelset of query attributes it covers; if the
set of & query attributes is represented By = {1, 2, ..., k}, an equivalence class is identified by a
subsetd, C K.

The minimal cover algorithm uses, besidesSCy, two bit vectors (Figure 3.10):

e membersindicating the set of equivalence classes produced by Stépthe example, only 3

classes exist, covering respectively the sets of quenpati®s{2}, {1,3} and{1,2,3}.

¢ valid, indicating the valid minimal covers (all are valid in thegioaning).

The algorithm considers all the "bad” members (equivaleriasses that do not exist) and inval-
idates the minimal covers containing them ("bad” minimavers). In the example, for the "bad”
memberA, = {1}, minimal covers:; andcg are invalidated. Atthe end, only "good” minimal covers
remain valid; in our example there are two solutiens= [{2}, {1, 3}] andcg = [{1, 2, 3}].

This algorithm is very efficient compared to traditional fich-and-bound methods that would
compute minimal covers starting with the set of equivaleclesses. Its drawback is the amount of
memory necessary for storing the bitmap, because its sgsgvery fast withk. For the amount
of RAM memory available in today computers, the bound:is< 8, which is reasonable for the

applications we have in mind.



Chapter 4

P2P architectures for data sharing

This chapter presents my activity in the field of distribuggdhitectures for data sharing and content
distribution on the web, in the context of my collaboratioithathe Gemo group at INRIA Futurs.
After a brief presentation of the context of this researcis,axe present the two parts of this work:
the EDOScontent distribution system, and the improvements toAittere XMLplatform.

4.1 Context: P2P data management and content distributionystems

Peer-to-peer (P2P) architecturgkP05, LCP05] provide effective means for resource sharing (pro-
cessor time, bandwidth, memory, disk space) in a distribatezironment. They provide scalable and
robust solutions for the development of large scale webieatdns. Unlike grid architectures, P2P
is characterized by a large autonomy of peers, which malyfeeger or leave the system.

More and more popular, P2P architectures are used in vadppbcation types: file sharing
(Napster, Kazaa), P2P computing (Seti@home), commuaitéikype, Jabber), file transfer (BitTor-
rent), distributed databases (PIER [HHQ3], Edutella [NWQ 02], KadoP [AMPO05]), etc. Follow-
ing the degree of centralization, they may be centralizegl (dapster), decentralized, or hybrid (e.g.
JXTA). The most usual classification conceths overlay networkwhich may beunstructured(each
peer only knows a set of neighbors - Gnutella [Rip01], Pidedd ~04], SomeWhere [ACG04])
or structuredin various configurations, the most usual bethgtributed hash table6€DHT) (Chord
[SMK*01], CAN [RFH"01], Pastry [RD01]) anthierarchical (e.g. MediaPeer [DGYO05]).

In this context, we are interested by decentralized andithy2P architectures for the manage-
ment of large amounts of semistructured data. We focus antated networks, notably DHTSs, able
to guarantee efficient routing and distributed query prsiogs The Gemo group at INRIA Futurs
developped a P2P platform for data management, based onawomnodules.

e ActiveXML[AMTO6, weba], that represents both &)model for dynamic XML documentis-
cluding service calls in XML documents to represent dynach@nges in their content, and (ii)
a P2P platformfor storing, querying and sharing such documents in a biged environment.
The ActiveXML model provides a declarative framework foe thpecification of distributed
data management applications. Each ActiveXML peer stares documents, maintains their
content by calling embedded service calls when specifiedi panvides web services for other
peers by querying local documents. The ActiveXML peers fargecentralized, unstructured
P2P network, connected by the service calls in documents.

e KadoP [AMPO05, webb], that provides distributed indexing of (A&)XML documents, by
using a DHT (Pastry [RDO1]). Peers may publish their ActiiXdocuments, which are
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indexed at the XML element level, then the index entries @&®ilduted in the network by using

the underlying DHT. KadoP provides efficient distributeceyuprocessing over the published
documents.

We are interested in using P2P architectures, in parti¢ghlaActive XML and KadoP modules,
for building distributed systems for content sharimgthin a web comunity. Such systems, called
data ringsin [APQ7], provide global functionalities to users and asponsibles a wholefor all the
internal management of the content sharing functionalifiedexing, replication, reorganization, etc.

In the particular case of open-source software distribu{evg. Linux), very large amounts of
data (tens of Gigabytes) must be disseminated to a very genunity of developers and users
(thousands of members). Moreover, content is frequenttjatgal to new versions of the software
modules. Current software distribution architecturesraainly centralized or based on sets of mir-
rors. While centralized systems are not scalable, currembrrbased systems face difficulties to
guarantee reasonably uniform performances, becauseftineigihot uniformly shared between mir-
rors for realizing the system functionalities. Another argjroblem of such systems is the difficulty
to globally ensure the freshness of content in the system.

Among the current distribution architectures for Linuxe timost popular open-source software,
only few propose improvements to the classical architectliihe most noticeable are Red Hat Net-
work [Wit], that adds notification channels to maintain freess, and Conary [Con], that uses dis-
tributed versioning repositories to minimize downloads dpdates. Currently, the use of P2P ar-
chitectures for content distribution mainly addressesl Ibalancing and bandwidth sharing (Coral
[FFMO04], Codeen [Cod]). We want to extend this primary usealdging new P2P functionalities,
such adlistributed information systemased on XML metadata indexing and querying, and efficient
file sharingandmulticast disseminatigrsimilar to BitTorrent [Coh03].

4.2 The EDOS content distribution system

We present here the content distribution solution propadsetthe context of the EDOS European
project [EDOO04]. EDOS stands foiEhvironment for the development and Distribution of Open
Source softwareand addresses the production, management and distmbotiopen source software
packages. The EDOS@istribution systenproposes a P2P dissemination architecture including all
the participants to the distribution process: publishersrors and end-users. The system has been
implemented as an application to the distribution of Maraltiinux packages.

Compared to existing software distribution systems, ED@®duces several key improvements:

e a P2P architecture providing resource sharing, load balgrand robustness;

e advanced information system capabilities, based on ligad indexing and querying of XML
content metadata;

o efficient dissemination based on clustering of packagesrauiticast techniques;

e support for maintaining freshness on updates, by usingcsiptisn / notification techniques
(pub/sub).

4.2.1 System overview

The goal of the EDOS distribution system is to efficientlyseisminate open-source software (referred
as data or contenj through the Internet. Published by a main server, datassediinated in the
network to other computers (mirrors, end-users), that gpies of the published content. EDOS is



4.2. THE EDOS CONTENT DISTRIBUTION SYSTEM 43

articulated around a distributed, P2P information systieat stores and indexe®ntent metadata
This metadata-based information system allows querying@sating data in the EDOS network.

Data model There ardhree kindsof data units in the EDOS system:

e Package main data unit type, represented by an RPM file;

e Ultility : individual file used in the installation process;

e Collection: it groups packages, utilities or subcollections, to fortmierarchical organization
of data.

A releaseis a set of data units that form a complete software solutidrcerresponds to a full
Linux distribution. Its content is described by a colleatio

Content disseminatiors initiated bypublishingdata units in the system. Publishing consists in
generating metadata for each data unit and indexing it idigtebuted system. Periodically, the main
server publishes a new release. Updates to the currensecdea realized by publishing new versions
of packages or utilities. When the time comes, a "publisldeides to transform the current status of
the current release into a new release.

Metadata management is a key issue in the distribution process. Weagiobal, distributed
information system about data to be disseminated in thearktwThis system is fed with content
metadata, which may include not only content propertiesalao information on production, testing,
statistics, etc. Distributed management of metadata tffipgs by its size and by the high rate of
queries and updates it supports. We classify metadata e three main categories:

¢ identifiers- in our case, the name and the version number uniquely fgentata unit.

e static propertiesthat do not change in time for a content unit, e.g. size,guetge checksum,
license, etc.

e changing propertiesi.e. properties that may vary in timé&cation of replicas in the network,
collectioncompositiondistribution statistics, etc.

The XML structure chosen for EDOS metadata is a compromisedsn efficiency requirements
for both query processindgthat requires large XML files, containing all the elemerdgir@ssed in
a query) andnetadata update@hat need small files). We choose to create separate XMLfbles
each package (package properties) and for each releasas@etomposition). Changing properties
use service ActiveXML service calls to compute the curreaiti@. For efficiency reasons, replica
location management uses a separate mechanism.

Actors and roles Peers of the EDOS P2P distribution system may be classifigdée categories

1. Publishers They publish new content in the network, manage flash-créissemination and
the pub-sub system. In EDOS there is typically a single Bubli but the architecture permits
several ones.

2. End-users(Clients): They download content from other peers, queeysystem, subscribe to
data changes. They also participate to the network by st@ma providing their local data for
downloads. To query the metadata, they need an entry-paimthe indexing network of the
Mirrors.

3. Mirrors : They provide all the functionalities of the End-users. iBes that, they participate in
the indexing network. Typically, these arested and reliable servers providing some guaran-
teed quality of service.
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Figure 4.1: Actors in EDOS P2P content distribution

Figure 4.1 presents the actors in the P2P distribution m&twActors are connected two distinct
networks

e The distribution networkcomposed of all the peers - they store, download and shaf@SED
data, i.e. software packages, utilities and collections.

e The indexing networkcomposed of trusted peers (Publisher and Mirrors) - thang ghe index
on content metadata. For security reasons, Clients arellooted to participate in metadata
and index sharing, but can provide content, whose validifyy ime automatically verified by
using the checksum metadata property.

Usage scenarios Flash-crowd situationgenerally happen when new, popular and large size con-
tent is published (here a new release), and many peers {£€beMirrors) want to get this content as
soon as possible. Flash-crowd distribution uses efficiesiethination methods, based on clustering
of data units and multicast. Each peer asking for some podidhe new release may already have
some of the packages - therefore it computessh listcontaining only the missing data units. Based
on the wish lists gathered from peers, the Publisher comsmlistersof data units to be dissemi-
nated. Instead of downloading individual data units, peemsnload clusters (where a cluster is a set
of packages that are requested by a common set of peers)|aha guulticastprocess.

The flash-crowd dissemination of a new published releasessribed by the following steps:

1. Peers interested in the new release subscribe to a spearatel for new release publication.

2. The Publisher publishes the new release and notifies atspbhat subscribed to that release.
Among the metadata published for the new releasepitsposition(identifiers of data units) is
necessary for each peer to determine the set of data unitsvolaad.

3. Notified peers decide if they are finally interested in themelease or not. The peers compute
the delta between the new release and the content theyaheasad. This delta, calledish list
composed of the identifiers of data units to be downloadeskrnis to the Publisher.

4. The Publisher waits for wish lists during a predefined wimaf time. Then it computes clusters
of data units, based on the set of collected wish lists.

5. The Publisher published the computed clusters of data and starts "torrents” for dissemi-
nating them.

6. Each peer gets in parallel (via multicast techniques} afsgusters that covers its wish list.

Off-peak distribution and query corresponds to periods between flash-crowd situationan@ur
these periods, Publishers may publish updates to the ¢uelerase and the other peers may query

The correctness of a file is guaranteed by its signature aadked at download. The correctness of metadata is
guaranteed by the fact that the mirrors are trusted peers.
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Figure 4.2: EDOS software modules & API structure

the system, download query results, subscribe to distoibuthannels, receive notifications on such
channels and download software updates.

4.2.2 Software architecture

EDOS distribution functionalities are implemented almaa AP| based on a set of external software
modules (Figure 4.2):

e ActiveXML [ABC™04] provides an extended XML format for EDOS metadata anchgt®
for metadata documents published in KadoP. Web service ealbedded in ActiveXML doc-
uments may be used to represent intensionally changingmiafiion (e.g. statistics on the
distribution process) or package dependencies.

e KadoP [AMPO05] allows publishing, indexing and advanced queryon§DOS metadata. KadoP
is the core of the EDOS information system.

e IDIiP [MZ07] implements functionalities for the flash-crowd usagenario: content clustering
and multicast dissemination using BitTorrent.

e BitTorrent [Coh03]is an efficient file sharing and downloading systene.uAk a slightly mod-
ified version ofAzureusa Java implementation of BitTorrent, for multicasting awmsvnloading
from multiple replicas.

The structure of the EDOS distribution ARIpresented in Figure 4.2. The API is organized into
three levels:

1. Physical level it provides EDOS peer basic functionalities. It is commbséseveral modules:
a content manageranindex managera channel manageradissemination manageetc. Pro-
gramming distribution applications at the physical lewgjuires more effort, but offers the best
flexibility.

2. Role level it is built on top of the physical level, provides a defauttglementation for each
role in the distribution network, i.e. publishing, downttdag, replicating, querying, and sub-
scribing.

3. Actor level: it provides a default implementation for each actor kindk#sher, Mirror or
Client), by combining several roles.

Implementation and tests The first version of the EDOS distribution system has beeteémpnted
as a set of Java/JSP web applications on top of the EDOS AEt jier in the EDOS network runs
a Java web application. Peer applications use a Tomcat wedr $er deployment, with Axis for web
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Figure 4.3: Publisher and Mirror/Client web applications

services. The functionalities of each EDOS peer are adegsirough a JSP user interface, running
in a web browser.

The Publisher web application (left side of Figure 4.3)wHgublishing new content, managing
subscription channels and driving flash-crowd dissenonatMirrors and Clients have similar user
interfaces (right side of Figure 4.3), allowing querieswdmading, subscriptions to channels and
notification handling.

Tests with the first prototype demonstrated the relevande2&f-based solutions for large-scale
content distribution, the ability of managing very largeamts of metadata with KadoP and the
improvements brought by IDiP for flash-crowd disseminatidests have been realized on several
hundreds of peers on the Grid’5000 [gri03] network to eviuhe scalability of EDOS publish-
ing, querying and downloading. Other tests are planned te&kzed on the Internet, by using the
Mandriva network infrastructure. More details are presérih [EDOQ].

The last developments in EDOS brought several improvements

¢ In massive publication of metadata, which is critical in EB@®ublishing a new release is time
consuming because it implies the publication of a large athofimetadata. We found that the
best method for accelerating publication is to split conbetween several Publishers that work
in parallel.

e In security, by introducing peer authentication, and byvjlog support for firewall/NAT
traversal.

¢ In the user interface, by providing new front-end, basedawa Eclipse RCP standalone appli-
cations.

The EDOS distribution framework is also used as a startingitacture in théVebContenRNTL
project, where the goal is to provide a distributed solufarstorage, querying and transformation of
web documents.
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Figure 4.4: ActiveXML peer architecture

4.3 Improvements to the Active XML platform

The ActiveXML platform [weba] was realized as an open-seusoftware and is used by several
research teams across the world. It is based on the peetegtané presented in Figure 4.4. Each
peer is composed of the following main modules:

e The document stoyevhich provides persistent storage for local Active XML doeents.

e The evaluataor which triggers service calls embedded in ActiveXML docuiseand updates
accordingly the documents with the service call results.

e The query processpmainly used for service requests, evaluates queries aute® update
gueries over the document store.

The main role of an ActiveXML peer is themanagement of the dynamic content of its local
ActiveXML documentsy scheduling and triggering the execution of the embedugdice calls.
This function is realized by the Evaluator module.

The following example presents a very simple ActiveXML damnt containing service calls.

<tenperature xm ns:axm ="http://ww*-rocq.inria.fr/verso/ AXM.">
<axml :sc service="weat her.conftenperatures" node="repl ace" frequence="every day">
<axmnl : param nane="pl ace" >
<city> Paris </city>
</ axm : par an>
</ axm :sc>
</t enper at ur e>

It contains an elememémperaturewhose value is not fixed, but provided by a call to a web servic
(weather.com/temperatuigseceiving a parameteplace and returning the current temperature at the
given place. Parameters may be ActiveXML documents, coimigiother service calls or queries to
local documents (evaluated by the query processor). Theex@VL peer storing this document will
execute the embedded service eatbry day(frequencattribute) and insert the result in the document,
by replacing the previous result, if existm@ddeattribute). The updated document has the following
structure:

<tenperature xm ns:axm ="http://ww-rocq.inria.fr/verso/ AXM.">
<axml :sc service="weather.conftenperatures" node="repl ace" frequence="every day">
<axmnl : par am nane="pl ace" >
<city> Paris </city>
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</ axm : par an®>
</ axm :sc>
<val ue dat e="2007-06-29"> 15 </val ue>
</t enper at ur e>

A second roleof an ActiveXML peer is to be aveb service provider The services provided
by the peer are generally implementedgaeries over the local documenevaluated by the query
processor. The peer maintains a WSDL-like description @&#rvices it provides.

Peers communicate with each other only by the mean of welicegrwocations, through their
SOAP wrapper modules. They can exchange XML data with any seelice client/provider, and
ActiveXML data with ActiveXML peers.

The improvements that we brought to the ActiveXML platforndeesseghe third role of an
ActiveXML peer, concerninghe persistence of local documeni&he initial ActiveXML implemen-
tation used a simple persistence mechanism, based on XMtLsfibeed in the file system and loaded
in memory, where updates to documents are immediatelyenritn disk. Query processing and
document updates are realized on the DOM in-memory repiasEmn

This basic storage architecture is not scalable and lirhsuse of ActiveXML peers to small
volumes of data. The solutionike use of an XML databasm order to use the database capabilities
for storage, querying and updating for providing scalabémagement of data on the peer.

We designed and implementdao variants of coupling ActiveXML with an XML database
The main difficulty is to re-design the ActiveXML peer witholroking the other functionalities.
The first variant realized by Eric Darondeau during his CNAM engineer thgsigvides a coupling
of ActiveXML with Xyleme. Figure 4.5 presents the ActiveXMarchitecture before and after the
coupling with Xyleme. The in-memory storage, querying apdating of data is replaced with the
database functions: the XyStore module for storage, XyQlgimrying, XyUpdate for updates. The
other peer functionalities are preserved, the connectiitim tve database documents being realized
through document and service call identifiers, assignetiégystem and exploited through the query
and update languages.

The second variantrealized by Ming Hoang To, during his Politechnique engmiaternship,
is a generalization of the coupling with Xyleme. This salatiprovides theoupling with a generic
XML repository providing querying and updating functionalities, basedite XQuery and XQuery
Update languages. Its validity was verified by instant@atine repository on top of theXist XML
database.
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Conclusions and future work

5.1 Conclusions

My research activity since the end of my PhD thesis, in Jgna807, has been milestoned by
thematic reconversiorin 1999, from the domain omultimedia user interface® the one ofdata
management on the web

Two main topics have been addressed during this perada integration on the webhnddis-
tributed architectures for data managemeimhe former encompasses two issuwesb-scale integra-
tion of XML documentandapplication views for simplifying the access to heterogeseXML data
The latter explorepeer-to-peer architectures for content sharing and disttion on the webA note-
worthy feature of my research activity is thesign and implementation of several software modules
included in commercial products (Xyleme), in open-souadéngare for Linux distribution (EDOS for
Mandriva Linux) or for the research community (ActiveXMLaporm), or in research prototypes.

Web scale data integration has been studied in the conteixe fyleme system. We proposed a
solution for XML data integration at very large scale, based global XML schema (abstract DTD),
GLAV path-to-path mappings between global and local XMLesolas, a method for distributing the
view among Xyleme machines, a method for including view gungrinto the general query process-
ing mechanism and a scalable algorithm for query rewritifis system has been implemented as
part of the Xyleme software, together with tools for autamgeneration of mappings (MapGen) and
for extracting XML from unstructured text, in order to fedwtXML repository.

Application views for simplifying the access to heterogauee XML data have been explored in
two different cases: XML repositories supporting a limiged of changes in data sources (the XyView
model) and open systems, dealing with autonomy of souregsrtlly enter/leave the system or change
their content at any moment (the OpenXView model). The Xywirodel has been implemented as
an application module in Xyleme, together with tools forwiediting and for generating web-form
applications on top of views. In OpenXView, we explored foe time being query rewriting and
query answering issues.

Peer-to-peer architectures for content sharing and loligtoin on the web have been studied in the
context of the ActiveXML framework and tools for distribdtenanagement of data, where several
improvements of the ActiveXML platform have been realizélfe designed EDOS, a P2P system
for the distribution of open-source software modules torgdacommunity of users. EDOS homo-
geneously shares the effort between all the network nodgsptiide scalable, global functionalities
such as metadata management and querying, content dissiemiand change notification.
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5.2 Future work

The management of data distributed across the web contialresa very important issue and a major
challenge in today systems. My future work will address thl¥ing points, detailed below:

e A continuation of the ongoing work ordata integration in open systenfthe OpenXView
model) and ordata ring systemsgin the WebContent project, inspired by the EDOS content
management architecture).

e New directionsin web data management and distributed web architectiR&S feeds man-
agementROSES project)management of data with evolving schema in diachronic {aeh
database¢DIACHRON project), andlistributed management of multimedia data for content-
based queryingn heterogeneous networks (DISCO project).

Concerning thecollaboration with other research teams the creation in 2007 of thé/isdom
PPF ("Plan Pluri-Formation”), which gathers the databasearch teams from the CEDRIC (CNAM),
LIP6 (Paris 6) and LAMSADE (Paris 9) laboratories, enfortfes collaboration with these teams.
The ROSES and DISCO projects mentioned above have beeateditand submitted bwisdom
to the French ANR MDCO 2007 call. | will also continue my cbltaation with theGemogroup
at INRIA Futurs, in the context of my research on data ringesysand of the RNTL WebContent
project (2006-2009).

At the European level, | am starting a collaboration with 8#is Christophides from FORTH
Heraklion (Grece) in the context of the DIACHRON project dadhronic databases, that will be
submitted to the FP7 call of European projects. A collabomnatvith Michalis Vazirgiannis from the
Athens University, on the topic of distributed query praieg in P2P systems, has been initiated
through the submission in 2007 of a proposal of Marie Curlg (Thitial Training Network).

Data integration in open systems: |intend to continue the work on data integration in openesyst
with the OpenXView model, by addressing other issues, ss@oarce publishinge.g. automatic
generation of mappings and extraction of PDVs from a sowbersa, inference of ontology updates),
ranking of query rewritingsquery optimizatiorfor OpenXView execution plans on top of various
system architectures (repository, P2P with various oyerworks).

Data ring systems: The work initiated in collaboration with the Gemo group atRIM Futurs,
around the ActiveXML framework and in the context of the ED@®8ject, will continue with the
elaboration of new data ring systems for different typegpliaations. Data rings are P2P systems for
community content sharing, that are responsible for thermatl organization of data and processing
among the peers (indexing, replication, etc), and thasparently offer global system functionalities
to end-users. Two goals can be outlined in this researchtaire

e The design of a general declarative architecture for daig siystem specification based on
ActiveXML, and of an algebra to implement these declarasipecifications.

e The design and implementation of data ring systems baseHli®gdneral architecture. This
is the goal of the RNTIWebContenproject (2006-2009), in which | participate to the design
and implementation of a solution for distributed storageerging and transformation of web
documents.
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— frestmezz—aware filtering and aggregation protocols
— diztriboted gquery evalnation and mediation

— load blaneing

Figure 5.1: Tasks in the ROSES project

RSS feeds management: | am interested in considering new dimensions in XML datagdnation,
such as time and change events. RSS feeds, generalizedtoddlgeveb, provide a very large number
of XML data sources with changing content on the web. The R88aadds time stamped change
events to XML data, in a data model that is a mix of changingiduents and data streams. RSS comes
also with a web syndication model for using RSS feeds, tithiaes the time lag between publishing
and consuming data on the web and that may constitute a ¢érarework for data sharing on the
web.

RSS feeds management is the object of RESE Sroject (2008-2010), submitted to the French
ANR MDCO 2007 call. I am co-leader (with Bernd Amann from L)R6 this project that gathers
database teams from Wisdom (CEDRIC and LIP6), PRISM Véesadind LSIS Toulon, together with
the 2or3thingscompany that created the Blasfeed RSS management soffWeeeyoal of ROSES is
to apply modern web database techniques to the managemB&feeds, encompassing localiza-
tion, integration, querying and composition of RSS data.réjarecisely, the project will study (see
Figure 5.1) the design of basic services (store, refredar, fitotify) and optimization techniques for
feed management in centralized and distributed envirotsnéme definition of a general RSS model
and algebra, of different system architectures, and of-ldgél services, methods and tools for feed
generation and composition.

My main points of interest in this project are the definitiohaogeneral RSS-XML model at
several levels (physical and logical algebra, query lagguaiew language), adding a temporal end
event-oriented dimension to XML models, and the declagagpecification of high-level RSS-XML
services as views over RSS feeds and XML data. A PhD thesilireoted by Bernd Amann and
myself will be funded by this project.

Diachronic databases: The temporal dimension of data management is also preseichronic
databases, which aim at perpetual preservation of thetentnA diachronic database must be able
to manage the evolution of both data content and structugetbe time. It must allow queries about
any past state, or "longitudinal” queries about the evolutdf a given element in time. Diachronic
databases must be distributed to ensure robustness; thetybsthuman and machine readable and
independent of software packages.

The design of diachronic databases is the goal oDIF&CHRONSTREP project proposal, where
the Vertigo group participates together with the Universit Edinburgh, FORTH Heraklion, the Na-
tional Technical University of Athens, CNR lItaly and othefs this context, | am interested in ex-
ploring the management and querying of data whose struchaeges in time. Changes in the data
structure could be represented with mappings, in a simashion to data integration models. The
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user should be able to query the current data structure,cagettanswers from past data, organized
following a different schema. Also, queries about struettiianges themselves should be allowed.

Distributed management of multimedia content: Database management of multimedia content
(image, text, sound, video) is generally realized in cdiated environments. Content-based queries
in such databases use multidimensional index structuresdelerate query processing. When the
multimedia content comes from several sources, P2P atctiniés are a natural choice for building
scalable, robust and efficient multimedia managementmgstRecently, methods for distributing the
query index over several peers in a network have been prdpose

| am interested in defining methods for distributed conteed indexing and querying of mul-
timedia files inheterogeneous networks terms of indexing schema and access rights. This corre-
sponds to real life situations, where content providerste& own local indexes and need a strict
control over access to data, but want their content to beevett by user queries over a set of such
sources. The idea would be to define a content summary steyetported by each peer in a com-
mon format and indexed in a distributed way in the networke@yrocessing uses in a first step this
distributed summary to detect relevant sources, then hea®sult of the first step and local indexes
to find the final results.

This research problem is the subject of the PhD thesis ofgerarBoisson, started in January
2007, directed by Michel Crucianu and myself. It represaigs one of the main issues in tiéSCO
project (2008-2010), submitted to the French ANR MDCO 208, end that gathers research teams
from Wisdom (CEDRIC and LAMSADE), INRIA Lille and IRCAM, in alaboration with Euro-
pearchive and the French Réunion des Musées Nationaux.
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