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Abstract

This paper surveys the most relevant research on combiratg Warehouse (DW) and Web data.
It studies the XML technologies that are currently beingdugeintegrate, store, query and retrieve
web data, and their application to data warehouses. Ther pajgeesses the problem of integrating
heterogeneous DWSs and explains how to deal with both semitated and unstructured data in DWs
and On-Line Analytical Processing.

1 Introduction

The Web is nowadays the World’s largest source of infornmatibhe Web has brought interoperability to
a wide range of different applications (e.g., web servic&$)s success has been possible thanks to XML-
based technology [24], which constitutes a means of infionanterchange between applications, as well
as a semi-structured data model for integrating infornmadind knowledge.

Information Retrieval (IR) [2] is also playing an importamtie in the Web, since it has enabled the
development of useful resource discovery tools (e.g., eabch engines). Relevance criteria based on both
textual contents and link structure have shown very usefukffectively retrieving text-rich documents.
Recently, Information Extraction techniques are also gpeipplied to detect and query the factual data
contained in the documents (e.g., Question & Answeringedysj. Finally and more recently, the Web is
being enriched with semantic annotations (e.g., RDF and @ats), allowing the retrieval and analysis
of the Web contents in a more effective way in the near future.

During recent years, there has also been a large intereSMfilld] and On-Line Analytical Processing
(OLAP) [9] technologies. A DW system stores historical datagrated and prepared for being analyzed
by OLAP and other tools. Many companies satisfy their nedddrategic information by applying these
technologies to their structured databases.

The two main goals of this paper are to review how DW and Wettmtelgies are being combined, and to
identify the main limitations and opportunities of thesprgaches. Section 2 summarizes the large range of
XML technologies available today. Section 3 describes Hmge technologies can be applied to integrate
distributed heterogeneous DW systems. Section 4 intradtiee problem of dealing with semi-structured
data in DW and OLAP systems. Section 5 addresses unstrdafiate, IR and DW technologies. Finally,
Section 6 provides conclusions and points to future work.

2 XML-Based Web Technology

According to the authors of the Xyleme project [63] “The Wsbhuge and keeps growing at a healthy
peace. Most data is unstructured, consisting of text (¢éstlgrHTML) and images. Some is structured,
mostly stored in relational databases. All this data ctntss the largest body of information accessible to
any individual in the history of humanity”. However, in orde exploit all this information in applications,
new flexible models are required.

In this context, semi-structured data models, and in pdarcdhe standardization of XML [24] for Web
data exchange plays an important role and opens a wide ngw odipossibilities. Two main features of its
semi-structured data model are the (potential) lack of dgireed schema, and its facilities for representing
both the data contents and the data structure integratedhieatsame document. Specifically, the structure
of a document is given by the use of matching tag pairs (tereleshents) and the information between
matching tags is referred to as a content element. Furthrerraa element is permitted to have additional
attributes, where values are assigned to the attributeseirstart tag of the element. Figure 1 shows an
example XML document. XML documents can be associated withwvalidated against a schema, e.g., a



Document Type Definition (DTD). The DTD of an XML document sfies the different elements that can
be included in the document, how these elements can be reesddtie attributes they may contain.

Other advantages of XML as a semi-structured data formatsasemplicity and flexibility. Moreover,
XML is free, extensible, modular, platform independent amedl-supported.

A number of technologies are evolving around XML. These netbgies include among others: XML
Schemas [13], an alternative to DTDs that improves dataxfypnd constraining capabilities; the XPath
language [7], which is used to refer to parts of XML documgK@uery [55], the standard query language
for XML documents, which provides powerful constructs fawigating, searching and restructuring XML
data; XPointer and XLink [12], which define linking mechansbetween XML documents; and XSL [11],
which is a family of recommendations for defining XML docurhgansformation and presentation rules.

Nowadays, the hot topic in Web research is the Semantic Whb.objective of this technology is to
describe the semantics of Web resources in order to fdeiliteir automatic location, transformation and
integration by domain-specific software applications [18]number of languages have been proposed to
describe the semantics of resources, namely: Topic Map#j{46], Resource Description Framework
(RDF, RDF/S) [29] and Ontology Web Language (OWL) [62].

The World Wide Web Consortium (W3C) leads the developmenthef XML standard and related
technologies. We refer the reader to the W3C web site (htw.w3.0rg) where further details can be
found.

3 XML-Based DW Integration

The Internet has opened an attractive range of new posisibifor DW applications. First, companies can
now publish some portions of their corporate warehouses®iMeb. In this way, customers, suppliers and
people in general will be able to access this “public” cogterdata by using web client applications. The
benefits of “plugging” the corporate warehouse into the camypwveb site are discussed in [52]. [17] and
[20] study the development of e-commerce applications #oklstream analysis techniques to analyze the
behavior of the clients when surfing a company online shag sihd then to provide a user customized
view of this web site according to his/her preferences. @natner hand, an even more challenging issue
is to apply Internet technology to provide interoperapiliietween distributed heterogeneous warehouses,
and to build new (virtual) warehouses where the informatigailable in these heterogeneous warehouses
is exploited in a uniform, homogeneous, integrated wayhis ¢ontext, XML plays an important role as a
standard format of data interchange.

This section describes work focused on the definition on XMhguages to represent the data and
metadata of warehouses. Afterwards, it discusses some Baded DW integration architectures proposed
in the literature.

3.1 XML Languagesfor DW Interoperability

The first step on the road to interoperability and integraid heterogeneous warehouses is defining a
common language for interchanging multidimensional datéth this objective, in [16] a set of XML
document formats was proposed, includiXgubeSchemavhich describes the structure of a data cube by
providing its measures and dimension schemata (hieraricleyels in each dimensionXCubeDimensian
which defines the members for each dimension level; ¥@dbeFact which represents the cells of the
data cube (i.e., how the dimension and measure values &egl)inFigure 1 shows an exampt€ubeFact
document depicting two cells with sales made on August 35200 the products LA-123 and RS-133,
respectively.



<busi ness_newspaper date='‘Dec.1, 1998 ' >
<cubeFacts version=""'0.4’
xm ns="*http://ww. xcube- open. or g/ V04/ XCubeFact _base. xcds’ ' >
<cube id='‘sale >
<cel | >
<di mensi on id=""‘product’’ node='‘LA-123"'/>
<di mension id="‘tinme’’ node='"‘2005-08-03"'/>
<fact id='"‘'sales’’ value="'10""/>
</cell>
<cel | >
<di mensi on id=""‘product’’ node='‘RS-133"'/>
<di mension id="‘tinme’’ node='‘2005-08-03"'/>
<fact id="‘sales’’ value=""‘'5"/>
</cell>
</ cube>
</ cubeFact s>

Figure 1. ExampleXCubeFacdocument [16]

The work presented in [28] also includes its own XML langutmmterchange data and metadata. This
paper describes a Web Service interface to evaluate MDXiapiar a remote OLAP system. The main
difference between the approaches [16] and [28] residdginuinderlying multidimensional model, which
in the second case is tightly related to MDX [58]. Apart fronese, the authors of [60] propose a UML-
based multidimensional model along with its represemtatioXML. In this case the XML language is only
focused on metadata interchange.

3.2 XML-Based Integration Architectures

This section surveys relevant research on integratingilolistd data warehouses. These proposals use
XML languages to express the metadata describing dataesmywscas a canonical language to transfer data
between the different components of the system.

A framework that combines the federation and mediationitectures is presented in [25]. As Figure
2 shows, the proposed architecture is organized into foiaréa namely: the local, mediation, federated
and client layers. The lower local layer consists of a ctilbecof independent heterogeneous DW systems
distributed over the Internet. These systems executeagieoming from the mediation layer and return the
results to the corresponding mediator. In order to padieipn the federation, each DW should provide its
local schema to the corresponding mediator. At the medidtiger, each mediator module receives sub-
queries from the federated layer, translates them intooted DW query language, restructures the results
and returns them to the federated layer. Mediators alsagedie federated layer with export schemata,
which are the translation of local schemata into a commorormtiaal data model. The federated schema
imports the export schemata of the local DW systems andrigtieg) them into a single DW schema. In the
federated layer, the queries of the client applicationdiestdivided into subqueries that are issued to the
corresponding mediators, and afterwards, the results arged and returned to the client application. The
applications of the client layer will access the federatedelouse using a single homogeneous interface.

In this work, XML documents are used to represent the looglpg and federated schemata. Since
these documents represent DW schemata, they are similae 68GubeSchemdocuments proposed in
[16]. The mapping between the federated and the import satzeiw also specified in an XML document,
in which we can find, for example, the correspondence betdesigrated and local warehouse dimension
names.

A similar architecture was proposed in [32] but with a difiet underlying canonical multidimen-
sional model calledMetaCubg33]. The authors of this work define a new type of XML documealied
MetaCube-Xwhich is the XML expression of MetaCubeschema representing the export and federated
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Figure 2: Federated DW architecture [25]

schemata. None of the approaches [25, 32] address quergssing or the use of XML for representing
the results of the local and federated queries. They onlyd@n schema integration issues. However, as
stated by [25], in order to completely overcome semantierogeneity in DW integration (e.g., different
hierarchies for the same dimension) a deeper study of th@imgaptrategies is required.

The work made in [61] classifies the main issues that ariga fiee semantic integration of heteroge-
neous warehouses, and studies how they should be addréssed:ork also proposes a federated architec-
ture in which mediator components are replaced by native Xlsilabases (see Figure 3). Each native XML
database stores an XML version of the cubes available inditesponding local warehouse along with their
export schemata. Each local database manager providateitaetadatavhich is a formal description of
the dimensions and the semantics of the measures involvibe iexported cubes. Heterogeneity conflicts
between export schemata are solved semi-automaticallyuolyiag thesite metadataand by designing
and evaluating XQuery statements to update the exported dald cubes and their schemata. Finally, the
resulting cubes are integrated into a global cube that camblyzed by users.

A different architecture, based on Grid technology [14]pieposed in [34, 35]. Figure 4 shows the
system architecture. Analysis takes place as follows. (Mirval “universal” data warehouse schema
representing all the data available in the warehouses gepted to the user. (2) The user establishes an
analysis query. (3) Th€ollection Servemanalyses the query, and according to a distribution schema (
how the data is distributed between the different warehg)usends request to the relevant warehouses.
(4) The involved warehouses compute the selection and gatipe calculations in parallel. A Grid-based
distributed computing platform is used to perform thisrilistted data processing. (5) TB®llection Server
receives the data and performs a final aggregation, if neg¢@gdheCollection Servesends the resulting
cube data to the OLAP Server. (7) The user analyses the cube DLAP Server.

In this approach XML is used to represent the “universal”’egishema, the initial user query, the
distribution schema, the data returned by each warehousetha final analysis cube data. The authors
of [34, 35] propose to transform the XML data returned by tregefmouses into a format suitable for the
OLAP Server by applying standard XML tools like XSLT. The maontribution of [34, 35] is the use of
Grid technology to distribute the computation needed incililige construction process. However, they do
not show how the heterogeneity conflicts are solved.
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Although the application of XML technology has supposeddgi a great advance for DW integration,
so far this integration has been mostly syntactic, as it simgnsists of translating DW schemata into DTD
or XML files. Semantic heterogeneity discrepancies betwB®h schemata are still handled manually
[25] or semi-automatically [61]. Trying to address thesaflicts, some work has applied Semantic Web
languages to describe the DW conceptual schemata. Fondesti®] follows a federation approach too, and
applies Topic Maps to describe the local multidimensiomdlesnas. Thus, the measures, dimensions and
hierarchy dimension levels are represented by topics itottad topic maps. Association relations are used
for modeling the facts structure (i.e., the dimensions ardsures that constitute the fact) and the roll-up
relationships between dimension levels. Afterwards, afé¢lderated layer, a global topic map provides the
unifying view of the local schemas. Thus, the global topigrdaals with the semantic conflicts between
the local schemas. For example, considerTineedimension defined in two different local schemas. These
dimensions include two equivalent levelay andtag (day in German). In the global topic map there will be
only a topicdaywith two scopesEnglishandGerman Then, each scope will be linked to the corresponding
dimension.



4 DWsfor Semi-Structured Data

With the emergence of XML as the lingua franca of the Web, s&moictured information is now widely
available, and several solutions have been proposed t Wwaitehouses for XML data. This section first
introduces work oriented towards the construction of XMLlbvdata repositories, then presents the research
done on the design of multidimensional databases for XMl,damd finally focuses on the extension of
OLAP techniques to XML data.

4.1 XML Web Data Repositories

The problem of gathering and querying web data is not triweinly because data sources are dynamic and
heterogeneous. In this context, some papers are focusdw amonstruction of repositories for XML [63]
or web documents [59]. The main issues of this research ackade the efficient storage, indexing, query
processing, data acquisition, change control and schetegration of data extracted from dynamic and het-
erogeneous web sources. This section summarizes the rsaltsref two important projects: Xyleme [63]
and Whoweda [59].

Xyleme [63] was an ambitious project aimed at building a \Wwatese for all the XML data available on
the Web. The Xyleme system runs on a network of distributedixiPCs. In order to store such a huge
amount of XML data, a hybrid approach is proposed to keep rém structure of XML documents in a
traditional DBMS until a certain depth, and then store theces of documents under the selected depth
as byte streams. Thus, the upper part of the XML documenistste is always available, but the lower
sections require parsing to obtain the structure. Quenygasing is based on an algebra operator that returns
the set of documents which satisfy a given tree pattern. ikglpartitions the XML documents into clusters
corresponding to different domains of interest (e.g. ®urifinance, etc.) which allow indexing each cluster
on a different machine. Since the documents in a cluster wlbynf different DTDs, an abstract DTD for
the cluster along with the mappings to the original DTDsferired. In this way, the user queries the cluster
by using the abstract DTD. In order to acquire the XML docutaeseveral crawlers run in parallel. The
refreshment of a copy is performed depending on the impoetahthe document, its estimated rate change,
or under the request of the owner of the document (i.e. inificaiton/subscription basis).

The Whoweda (Warehouse of Web Data) project is also aimedisth@using relevant data extracted
from the Web [59]. Their efforts have been mainly focusedhendefinition of a formal data model and an
algebra to represent and manage web documents [4], thedigathptorage [64] and change detection [5].
In their data model, called WHOM (Warehouse Object Mode]) fweb warehouse is conceived as a
collection of web tables. The tuples of these tables arectidegraphs where each node represents a
document, and the edges depict hyperlinks between doceméntorder to manage the data stored in
the web tables, a set of algebraic operators is provideddiodal web coupling, web join, web select,
etc.). For example, the global web coupling operator natsea set of inter-linked documents satisfying
a query with conditions on the metadata, content, struauarckhyperlinks of the documents. The result
of the operation is a new web table where each new tuple mag&iportion of the WWW satisfying the
constraints of the query. In the web join operator, the &ifilem two web tables containing identical nodes
are "concatenated” into a single joined web tuple. Two natesconsidered identical if they represent the
same document with the same URL and modification date.

XML data change is an important issue that has spawned a letsefirch. Xyleme [63] allow users
to subscribe to changes in an XML document [31]. When suchaagd occurs, subscribers receive only
the changes made, calldéltas[8, 26], and then incrementally update the old documents &pproach is
based on a versioning mechanism [26] and an algorithm to ateipe difference between two consecutive
versions of an XML document [8]. The Whoweda project addresshange detection over sets of inter-
linked documents, instead of over isolated XML documentse @lobal coupling algebra operator may be



used to state a set of relevant inter-linked documents tdchia Given two versions of this set of inter-
linked documents materialized in two different web tabtbs, differences between these two versions are
calculated by applying the web join and the web outer joirelatg operators. The authors of [65] consid-
ered a more general problem by studying how to update métedaviews of graph-structured data when
the sources change. In [1] an adaptative query processihgitpie for federated database environments
was proposed. Finally, [39, 40] considers adaptivity indefation of XML and OLAP data sources (see
Section 4.3).

4.2 XML Multidimensional Database Design

This section surveys the most relevant research on mukidsional design for XML data. Specifically, the
works by Golfarelli et al. [15], Pokorny [51], and Jenseralet{18] are studied.

The authors of [15] argue that existing commercial toolgsupdata extraction from XML sources to
feed a warehouse, but both the warehouse schema and thal logipping between the source and target
schemas must be defined by the designer. They show how thgndafsa data mart can be carried out
starting directly from an XML source, and propose a semaianattic process to building the DW schema.

Since the main problem in building a DW schema is to identigngito-one relationships between the
involved entities, they first study how these relationskipsdepicted in the DTD or the XMLSchema of the
XML documents. Such relationships are modeled by sub-ete&smeesting in DTDs and XMLSchemas, and
key/keyRef in XMLSchemas. ID/IDREF(s) attributes of the D&rare not considered, since IDREF(s) are
not constrained to be of a particular element type. For exanfdD attributes are defined for the elements
car andmanuf act ur er, and an IDREF attribute is stated for amner element, the IDREF attribute
of the owner element may reference eithercar or amanuf act ur er element in an instance XML
document. Just focusing on DTDs, the authors provide amitigowhich represents the structure modeled
by the DTD as a graph, and starting from a selected elementiblysis fact), semi-automatically builds
the multidimensional schema by including the dimensiondintension levels depicted by the many-to-one
relationships found between the elements and attributéiseofraph. In order to understand the why the
designer patrticipation is needed, consider the followxangple: In a DTD the definitiomwner ( car *)
states that an owner may have many cars. However, the chirdifathe inverse relationship is not stated
in the DTD. That is, the same car may belong to several owrAdrgy solve the problem by querying the
document instances and asking the user.

In [15] it was assumed that the schema of the source XML dafaasided by a single DTD or
XMLSchema. In [51] a different approach is followed, by ciolesing that when the source XML data
is gathered from different sources, then each source vallige its particular DTDs. Thus, dimensions are
modeled as sequences of logically related DTDs, and the XMtLschema is defined by considering the
facts as XML elements (see Figure 5). In order to build theedision hierarchies, this approach defines
a subDTD as the portion of a source DTD that characterizesttheture of a dimension member. Then,
XML view mechanisms are applied to select the members of damknsion. The concept of referential
integrity for XML data is applied to establish hierarchicalationships between them.

The work in [18] deals with the conceptual design of multidmeional databases in a distributed en-
vironment of XML and relational data sources. This approasd UML diagrams [36] to describe the
structure of the XML documents as well as the relational sehe For relational databases, commercial
reverse engineering tools can be applied to build the qooreting UML diagrams. For XML documents,
they propose an algorithm [19] that builds the UML diagraonirthe DTDs of the XML sources. They
also provide a methodology to integrate the source scheimtan UML snowflake diagram, and take
special care in ensuring that XML data can be summarized ekample, they study how XML elements
with multiple parents, ID-references between elementsounsive element nesting should be managed.
The resulting UML schema can be applied for the integratiosoarces in a multidimensional database.
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4.3 Extending OLAP Techniquesto XML Data

This section mainly studies the works by Pedersen et al. erextension of OLAP techniques to XML
data [44, 38]. Pedersen et al. argue that the dynamicitydsyte business environments are not handled
well by current OLAP systems, since physically integratilaga from new sources is typically a long, time-
consuming process, making logical integration the betteice in many situations. Thus, by considering
the increasing use of XML for publishing web data, they aimirthvork at the logical federation of OLAP
and XML data sources. Their approach allows the executi@L#P operations that involve data contained
in external XML data. In this way, XML web data can be used asafisions [44] and/or measures [38] of
the OLAP cubes.

In this work, OLAP-XML federations use links for relatingndénsion values in a cube to elements
in an XML document (e.g., linking the values of a Store-Gitguntry dimension to a public XML docu-
ment with information about cities, such as state and pdijpnla Thus, a federation consists of a cube, a
collection of XML documents, and the links between the cubé the documents. The most fundamen-
tal operator in OLAP-XML federations is ttgecoration operatof41], which adds a new dimension to a
cube based on the values of the linked XML elements. This ywoekents an extended multidimensional
query language calle§Q L x s that supports XPath expressions and allow linked XML datbdaised
for decorating, selecting and grouping fact data. For exenthe querySELECT SUM Quantity),

Ci ty/ Popul ati on FROM Pur chases GROUP BY City/ Popul ati on computes the total pur-
chase quantities grouped by the city population which isifoonly in the XML document.
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Figure 6: OLAP-XML federation architecture [44]



Figure 6 shows the architecture of the system proposed in Mdng with the Federation Manager, it
includes an OLAP component (i.e., a commercial OLAP serbbr @ evaluate multidimensional queries),
and an XML component (i.e., an XML database system with antiXPderface). The Federation Manager
receivesSQ) L x s queries and coordinates their execution in the two repis#to The metadata, link data
and temporary data databases (e.g. traditional relatidat@bases) are also managed by the Federation
Manager component.

The un-optimized approach to processSRL x s query is as follows. First, any XML data referenced
in the query is fetched and stored in a temporary databasda®mnal tables. Second, a pure OLAP query
is constructed from th€ QL x5, query, resulting in a new table in the temporary databasealllyj these
temporary tables are joined, and the XML-specific part ofSB#. x 5 query is evaluated on the resulting
table along with the final aggregation.

Pedersen et al. provide both rule-based and cost-basedizgiion strategies focused on reducing the
amount of data moved from the OLAP and XML components to thepterary database. The rule-based
optimization algorithm partitions afQ L x s query tree, meaning that the algebra operators are grouped
into an OLAP part, an XML part, and a relational part. Algebrguery rewriting rules are applied to
push as much of the query evaluation towards the OLAP and Xthponents as possible. The cost-based
optimization strategies are based on the cost model deslantj42], and a set of the techniques that include
in-lining literal XML data values into OLAP predicates, ¢éng and pre-fetching [43].

In a more recent paper [38], Pedersen et al. show an implat@emtof their XML-OLAP federation
for the commercial OLAP tool TARGIT Analysis, and extendithepproach to allow the evaluation of
federated OLAP queries with XML data as measures.

A different approach to analyzing XML data with OLAP techogy was presented in [3]. This paper
proposes an extension to XQuery with constructs for the mnguand numbering of results. The new
constructs simplify the construction and evaluation ofrggserequiring grouping and ranking, and at the
same time, they enable complex analytical queries.

Notice that these proposals [3, 44, 38] deal with highlycttired XML data (e.g. on-line XML product
pricing lists), from where the measures and dimensions eatirectly selected using XPath expressions.
However, these approaches are not suitable for analyzxigitdh XML documents, which require some
kind of document processing to extract measures and dimeralues from their textual contents [48]. The
next section deals with the combination of DW and IR techgiel® to exploit text-rich XML documents.

5 DWs& IR for Unstructured Data

Many new web applications store unstructured data witreléegt portions requiring Information Retrieval
(IR) techniques [2] to be indexed, queried, and retrieved.

In an IR system the users describe their information needsupplying a sequence of keywords. The
result is a set of documents ranked by relevance. The rateviara numerical value which measures how
well the document fits the user information needs. TradiidR models (e.g. the vector space model [56])
calculate this relevance value by considering the localglablal frequency (tf-idf) of the query keywords
in the document and the collection, respectively. Inteiily a document will be relevant to the query if
the specified keywords appear frequently in its textual @aistand they are not frequent in the collection.
Newer proposals in the field of IR include language model&8] pnd relevance modeling [21] techniques.
The works on language modeling consider each document asgadge model. Thus, documents are
ranked according to the probability of obtaining the queeywords when randomly sampling from the
respective language model. An extension of the languageslingdapproach is relevance modeling [21]
which estimates the probability of observing a query keylhiarthe set of documents relevant to a query.
The language and relevance modeling approaches stilhatgrapply the keyword frequency to estimate



probabilities, and they have been shown to outperform esttidf models in many cases [53, 21].

In this section we study how the OLAP and IR approaches haee bembined. Current research
follows two main lines: the application of multidimensidmkatabases to implement an IR system, and the
extension of OLAP techniques to support the analysis ofriektdocuments.

5.1 Cubesfor Document Analysisand Retrieval

OLAP cube dimensions provide an intuitive general-to-gme¢or vice-versa) method for the analysis
of document contents. Moreover, the optimized evaluatibaggregation functions in multidimensional
databases can be applied to efficiently compute the relevianmulas of IR systems. This section studies
how multidimensional databases and OLAP can help IR.

The work presented in [27] implements an IR system based oulttdimensional database. As Figure
7 shows, the fact table measures the weights (i.e. freqleriayach term at each document. Thus, the
relevance of a document to a query is computed by groupintgitas weights, which are obtained by
slicing the cube on the terms dimension. The final relevaadgevis calculated by applying the so called
pivoted cosine formula [57] to the weights of the query terfasrthermore, if the document collection is
categorized by location and time, more complex queries eafofmulated, like retrieving the documents
with the terms "financial crisis” published during the firstagter of 1998 in New York, and then drilling
down to obtain those documents published in July 1998. woilg this line of research, in [22] the authors
study different indexing strategies to improve the perfange of their system, and in [23] propose a method
for incorporating a hierarchical category dimension tasify the documents by theme.

category

Figure 7: Multidimensional implementation of an IR systeragomsed in [27]

Term
Occurrence

The benefits of implementing an IR system on a multidimeradidatabase are also discussed in [30]
together with a novel user interface for exploring docunwatiections. This approach defines a dimension
for each subject of analysis relevant to the applicationalarte.qg., in a financial application, subjects such
as economic indicators, industrial sectors and regionsstgeant dimensions). Each dimension is modeled
as a concept hierarchy. They choose a star schema too, teadnsf keeping term weights, the fact table
links documents to categories of concepts.

Finally, a recent paper [37] provides a mechanism to perfspecial text aggregations on the con-
tents of XML documents, e.g., getting the most frequent warfda document section, their most frequent
keywords, a summary, etc. Although these text-mining dpera are very useful to explore a text-rich
XML documents collection, they cannot be applied to eva@LAP operations over the facts described
by document textual contents. This is the focus of the fdlhgsection.

5.2 IR Techniques Applied to OLAP

Nowadays, most information is published on the Web as uctsired documents. These documents typ-
ically have large text sections and may contain highly Valleianformation about a company’s business
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environment. The current trend is to find these documentsabla@in XML-like formats [63]. This situ-
ation opens a novel and interesting range of possibiliteDV and OLAP technology: trying to include
the information described by these text-rich XML documenthe OLAP analysis. We can thus imagine
a DW system able to obtain strategic information by comlgjrati the company sources of structured data
and documents.

The approaches discussed in Section 5.1 to implement an diRmyby using a multidimensional
database are very useful to explore a text-rich XML documewotilection. However, these techniques
cannot be applied to evaluate OLAP operations over the @mdsribed by document textual contents. The
extension of OLAP techniques for XML data studied in Secdd®are not suitable for analyzing text-rich
documents either. They only deal with highly structured XMi&ta (e.g., on-line XML product pricing
lists), from where the measures and dimensions can belglisstected using XPath expressions.

The analysis of the factual information described in théuakcontents of the documents is a hard issue.
It is difficult to find work in the current literature that ted¢o address this problem. For this purpose some
kind of document processing to extract measures and dioersiues from their textual contents [48] is
needed.

The authors of [49] propose a setting where this analysiessiple, called a contextualized warehouse.
In particular, they propose twontextualizehe facts of a traditional corporate DW with the documeng th
describe their circumstances. The dimension values fautittidocuments will be used to relate documents
and facts. Thus, a contextualized warehouse is a new typeaisidn support system that allows users to
combine all their sources of structured and unstructured, dend to analyze the integrated data under
different contexts.

Document

S——
Corporate
Warehouse & Ji& Warehouse %
axeath L igs
Fact Extractor
(et Extactr o
0 S o | |72
Cube
Contexts &

Facts

B o)
| Contextualized | R_cube | #i8.x[2
Document Facts

Analysts Analysts

Figure 8: Contextualized warehouse architecture [49]

Figure 8 shows the architecture proposed for the contéxadhlvarehouse. Its main components are
a corporate warehouse, an XML document warehouse and thextractor module. The corporate ware-
house is a traditional data warehouse that integrates thpay’s structured data sources (e.g. the different
department databases). The unstructured data coming fttamal and internal sources are stored in the
document warehouse as XML documents. These documentstaesde context (i.e, circumstances) of the
corporate facts. The document warehouse allows the usesatoage queries that involve IR conditions.
The fact extractor module relates the facts of the corpasateehouse with the documents that describe
their contexts. This module identifies dimension valuehiantextual contents of the documents and relates
each document with the facts that are characterized by thesmnsion values.

In a contextualized warehouse, the user specifies an amalystext by supplying a sequence of key-
words (i.e. an IR condition like “financial crisis”). The dysis is performed on a new type of OLAP cube,
calledR-cube which is materialized by retrieving the documents andsfaglated to the selected context.
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R-cubedhave two special dimensions, thedevanceand thecontextdimensions. Thus, each fact in the
R-cubewill have a numerical value representing its relevance véfipect to the specified context (e.g. how
important the fact is for a “financial crisis”), thereby thameR-cube(Relevance cube). Moreover, each
fact will be linked to the set of documents that describe distext.

The relevance and context dimensions provide informatimutfacts that can be very useful for anal-
ysis tasks. The relevance dimension can be used to explemadst relevant portions of dr-cube For
example, it can be used to identify the period of a politicidis, or the regions under economical develop-
ment. The usefulness of the context dimension is twofoldstHt can be used to restrict the analysis to the
facts described in a given subset of documents (e.g. thenglesant documents). Second, the user will be
able to gain insight into the circumstances of a fact byeetnqg its related documents.

The IR model to retrieve the documents that describe thg/sisatontext and to estimate the relevance
of the facts described by these documents to the analysiextdiR query) was presented in [47]. The data
model and algebra for the R-cubes is described in [49] anehestthe multidimensional model of [45].
Finally, in [50] they prosed a system implementation basechaltidimensional databases.

From a different point of view, the work presented in [54] poees to annotate external information
sources (e.g. documents, images, etc.) by means of an gntiol&®DF format that comprises all the values
of the data warehouse’s dimensions. In this way, the restil®@LAP queries can be associated with the
external sources annotated with the same dimension valdegever, unlike [49] it does not provide a
formal framework for calculating fact relevance with resp® user queries.

6 Conclusion and Future Work

The advent of XML and related technologies is playing an irtgrd role in the future development of the
Web. DW and OLAP tools take part in the Web revolution. Thipgrehas summarized the most relevant
research on combining DW and Web/XML data. As far as we knesetimot exists any similar survey.

The paper has studied the advantages of XML as an integratidtior heterogeneous and distributed
DW systems. In this sense, it has first described work focosetthe definition of XML languages to rep-
resent warehouses data and metadata, and then discugseshtiiKML-based data warehouse integration
architectures. It has also addressed the construction wheases for semi-structured XML web data.
Specifically, it has introduced some work oriented towah#gsdonstruction of XML web data repositories,
the research done on the design of multidimensional dagalfas XML data, and the extension of OLAP
techniques for analyzing external XML data. As most infatiorais nowadays published on the Web as
unstructured (in the near future text-rich XML) documernts paper finally showed how IR and OLAP
technologies can be combined to explore text-rich docusnewitections, (i.e., the use of multidimensional
databases for implementing IR systems), and to analyze &t documents together in the so-called con-
textualized warehouses.

In the future, with the Semantic Web widely adopted, comgamill be able to gather huge amounts
of valuable semantically-related metadata concerninig slibjects of interest. All this information will be
used to create metadata warehouses for global decisiomgiaks far as we know, currently there does
not exist any approach to build data warehouses for the mtagnerated by the Semantic Web.
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