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ABSTRACT

The growth of data available on the Internet araithprovement of ways to handle them
consist of an important issue while designing @ aaodel. In this context, XML provides
the necessary formalism to establish a standardp@esent and exchange data. Since the
technologies of data warehouse are often useddiar ahalysis, it is necessary to define a
cube model data to XML. However, data representatioXML may generate syntactic,
semantic and structural heterogeneity problems &L Xdocuments, which are not
considered by related approaches. To solve thed®ems, it is required the definition of a
data schema. This paper proposes a metamodel ¢dysg®L document cubes, based on
relationships between elements and XML documertigs @pproach solves the XML data
heterogeneity problems by taking advantages of gelft@ma definition and relationships
defined by XLink. The methodology used providesnfal rules to define the concepts
proposed. Following this formalism is then instat#d using XML Schema and XLink. It
also presents a case study in the medical fieldeaodmparison with XBRL Dimensions
and a financial and multidimensional data modelcivhises XLink.
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1. INTRODUCTION

Data are usually available in several formats. XNHXtensible Markup
Language) is used to integrate them in order toezehefficient data interchange and
handling. XML, being an extensible meta-languadlews new markup languages to
be defined for specific domains. Due to its extetity, XML is used for
heterogeneous data sources integration. This méktsdocuments a rich source of
information for the organizational decision mak&imilarly, the use of Data
Warehouses systems (Kimball & Ross, 2002) allovesitlentification of tendencies
and standards in order to better conduct the cormpabusinesses. However, the
integrated use of these technologies is still utarelopment. In order to transform
XML into a technology that helps the decision makprocess, it is integrated its use
with Data Warehouses/stemdo unify them.

Applications and technologies derived from XML uskink (XML Linking
Language) (XML Linking, 2001) as an alternative fepresenting the semantics and
the structure of information, expressing relatibesween concepts which are usually
defined in a schema based on XML Schema (XML Sch@&®@4). XBRL (eXtensible
Business Reporting Language) (XBRL Internation@0Q&) is, among the works that
represent data semantics usage of XLink, an intema standard to represent and
publish financial reports that use extended lirdkesrhodeling financial concepts (e.g.
arithmetic operations between accounting facts).

On the other hand, XML presents some problems duts tflexibility in data
representation, known as heterogeneities: (i) séngnn which similar information
is represented by different names (eemnterprise and company or dissimilar
information is represented by the same name {&gs in the informatics area and in
the medical area); (ii) syntax, where the semalyiagual content is represented in
several ways, for example, in different languages ceveral measurement units (e.g.
meters and feet); and (iii) structure, where theadaie organized in several structures
(e.g. in different kinds of hierarchies, attributes elements) (Nappild, Jarvelin &
Niemi, 2008). This flexibility in representationiimportant, though it makes the usage
of XML data a complex task. XLink has been usedrépresent semantic and
structural information, expressing relations amongcepts that are normally defined
through XML Schema. From the combined use of XMLh&uoa and XLink, this
paper represents a multidimensional metamodel, tleshti XLDM  (XLink
Multidimensional Data Metamodel\which solves the heterogeneity questions in
XML and specifies data cube models for several senuictured data applications.

Among the related papers” analysis, the existerfca model that solves
heterogeneity problems in XML and makes its appilocapossible in multiple human
knowledge domains has not been verified. Thus,déneelopment of a metamodel
based on XML documents, and relationships to stilese questions, consists of the
motivation for this paper. Elements, attributes a@ldtionships were defined for the
XLDM specification, allowing a greater expressivapd enabling its applicability in
different domains. The formalization of XLDM was eated to allow the
multidimensional data schema to be based on XMLeBeis and XLink's
definitions.

This paper is organized as follows: Section 2 dises the main proposals for
defining XML data models, including a descriptiohtlee most important dimensional
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models and other approaches of which definitionelefected the development of our
work. Contributions are presented in Section 3,cwhincludes the XLDM specification
and its formalization. In Section 4 a case studytlie medical area is to be found. A
comparison against a multidimensional metamoddl disas XLink for the financial
area is given in Section 5, showing the proposddtiea wideness, and finally,
conclusions are presented in Section 6.

2. DATA WAREHOUSE FOR XML DATA

A Data Warehouse system architecture for completa da proposed by
Boussaid, Messaoud, Choquet and Anthoard (2006gusML documents. Based on
the database view concept, Baril and Bellahsén@32present architecture for XML
data integration and a formalism for DW specificatiA data model is defined, using
DTD (Document Type Definitions), to represent eadw, aiming at semi-structured
organized data. Then, it is proposed a Data Wasshtwased on the views. Trujillo,
Lujdn-Mora and Song (2004) use UML class diagramsepresent Data Warehouse
systems in a conceptual level. From the definibba DTD, which represents the same
multidimensional model specified by the class daagr XML documents are generated
for data exchange. Pokorny (2001) describes horepresent a star model (Kimball &
Ross, 2002) in XML, proposing the XML-Star schenra aising DTD to explicit
dimension hierarchies. One dimension was modeleé& &TD sequence logically
associated, resembling the referential integritg nrelational database. The dimensional
structures were not defined in the XML schema, ilggato the software applications the
data multidimensionality understanding. Golfardfizzi and Vrdoljak (2001) discuss a
multidimensional model represented in attributeesreThey use XML Schema to
express the multidimensional model through thetimisbetween sub-elements. Nassis,
Rajugan, Dillon and Rahayu (2004) propose an ofggenhted approach to develop a
conceptual model for DW, named XML Document Waredesu (XDW). They also
define dimensions by using XML and UML packagegdaans, in order to contribute to
the hierarchic conceptual views construction. AnXMpository, named xFACT, was
built from the integration of object oriented coptewith XML Schema. Jensen, Moller
and Pedersen (2001) present architecture in whiehdata in XML and relational
formats are the information sources. The data sahsmepresented in UML diagram
classes, and, subsequently, mapped into a relagtmature. This process is defined by
the authors as a logical data integration. Ithent possible to use OLAP query tools,
assuring time gain, since there is no physical datagration. Pedersen, Riis and
Pedersen (2001) describe the benefits of combitdtig handled from OLAP and XML
tools. Examples of queries to OLAP cubes, that rhaye had their dimensions
complemented with new information acquired in XMleg$, are also presented. This
addition is made using links from the OLAP cubeXiglL files. The liking process
between OLAP and additional data in XML builds gital integration, avoiding the
reprocessing effort by the inclusion of external Xhfata.

Hummer, Bauer and Harde (2003) define XCube, a B&ieehouse metamodel
for XML documents, in which data schemas, basedXbih. Schema, were used to
dimension, fact and cube representations. This oggpr has the advantages of a
standardized environment, making the document tordaesed more easily (e.g.
dimension documents) for different domains. It adlows the integration with Web
Services, as well as the insertion of commentdnost all elements of the documents,
in different languages and with terms of specifieas of human knowledge. XCube
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solves part of the heterogeneity problems in XMil.:document structure, which is
defined in schemes based on XML Schema; (ii) syictddference of content, which is
partially solved through the units attribute toresgent the same information in different
units. Nevertheless, the treatment of elements sithlar contents, written in different
languages, is not discussed; and (iii) the semdmdierogeneity is not approached in
XCube.

Hernandez-Roz and Wallis (2006) specified XBRL Dmsiens to model
hypercubes of financial data. This model is base@ @ocabulary definition, specified
through XML Schema, and relationships based on KLirhese relationships express
XML elements’ hierarchical structure, dimensiongl as members, thus it deals with
the structural heterogeneity issue. Another typeetdtionship found in XBRL allows
the creation of labels in several languages foheawrabulary element, solving the
semantic heterogeneity problem. Syntactic hetereigers solved through the use of a
unit attribute to define data measurement unit andutiivathe definition of identical
labels for elements that represent the same intowmavritten in different languages.
However, this solution is limited to financial dagpresentation.

Even though these works discuss Data WarehouselsnmdeXML, they differ,
for several reasons, from the data metamodel diefinispecified in this paper. In
Boussaid et al. (2006), a Data Warehouse systeradbas XML architecture is
presented but it lacks a detailed multidimensiotata model. Pokorny (2001) and
Golfarelli et al. (2001) specify the multidimensanmodel through software
applications. Papers from Baril et al. (2003), ®btt Koch and Pichler (2003), Pokorny
(2001) and Trujillo et al. (2004) are based on Ddion the object-oriented paradigm.
Finally, there are proposals of logical integratieith the relational model: Baril et al.
(2003), Jensen et al. (2001), and Pedersen e2(1). Besides, none of these papers
have considered the use of XLink to define dimemsigtructures for XML.

The works that can be compared to the data metdnpvdsented here are
XCube and XBRL Dimensions. Although the first oresmot considered the use of
XLink, it represented the cube, the dimensions @medfacts, using distinct schemas.
The second one, which is the only paper from treduated ones that uses XLink for the
definition of the multidimensional model, is a reged solution to a specific domain.

Gotlob et al. (2001) define a data model based B Xlocuments and a set of
binary relations to propose an algorithm that eatds XPath (XPath, 2007) expressions
and optimizes the queries on these documents liegatiche and storage space needed
to perform them. XML document is described as a-classified tree, i.e., a tree with an
arbitrary number of children, ordered and labeledyhich each child node is ordered,
and each node has a label. The document treerissesged by a set of binary relations,
of which axes are the ones from XPath language ¢el§ child, parent, descendent).
As a result of that, the defineddata model alloles mavigation in XML documents,
performed by XPath language, which is the core raeisim for XML nodes addressing
of other technologies, such as XQuery (XQuery, 200 XPointer (Grosso, 2003).
Motivated by the use of XML applications, BarceloL&bkin (2005), Libkin & Neven
(2003) and Libkin (2006) analyze query languagesX®iL trees, based on the same
document definition given before, and present augrof definitions to handle XML
data. These authors refer to several other progpdbkak consider naturally modeled
XML data as non-classified trees, and also conedigelan XML document. Boussaid
et al. (2006) propose a technology that specifega diarehouses for star and snowflake
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models logical definition which the data model &sbd on a mathematic formalization
performed through XML Schema.

The concepts presented by Barcel6 et al. (2009)s&xnd et al. (2006), Gottlob
et al. (2003), Libkin et al. (2003) and Libkin dt €006) define the XML document,
navigation functions and a formalization for datar@house typical models, i.e., star
schema and snowflake schema. These definitionslea into account in this paper for
the multidimensional metamodel based on XML Schemnd XLink. They were
extended to include the relations among two or ndweuments through links. New
definitions are given to represent the existence ralftionships between XML
documents.

In this paper, the proposal: (i) has a metamodai folves the heterogeneity
problems in XML data; (ii) uses linkbases, sets lioks, for the definition of
relationships among XML document elements, in ongdespecify the possible data
cubes that can be used; (iii) is a metamodel taatbe used in a variety of domains. In
the next section, our data cube metamodel, whictsiders the use of XML, XML
Schema and XLink technologies, is presented.

3. A MULTIDIMENSIONAL METAMODEL BASED ON LINKS

This section shows a multidimensional metamodeldpplications that uses
XML as source of information. Initially, mathemadlcdefinitions are given, which
allow a non-ambiguous metamodel specification (Seetion 3.1). Then the set of
XMLdocuments, based on XML Schema and XLink, thampose the XLDM
specifications proposed here are discussed in@e8tR.

3.1 Formal Definitions for XLDM

Definition 1: A rooted tree, ordered and non-classified, i®a with unlimited child
quantity, in which each node is given a uniquelladred that is an N* element (i.e. a
finite string of natural numbers). Then, a rootediered, labelled and non-classified
tree T is defined as (Dpw ) in which:

1. The element[] D (an empty string) is the root;

2.D is a set of nodes, named tree domain, which igbset of N,suchgl D,
implies b O D, if, and only ifp <pe . The relation g. defines the order of the
document, i.e., it is the pre-fixed relation witretelements oD, beingb<p gif, and
only if, the only way from the root @ goes througtb.

Besides the relationship between nodes, in a gX&fL document, the
relationships between nodes of two different docusi@re also defined. That is why
the inclusion of ® is necessary in the XML document definition, whisha data
structure that can be defined as follows:

Definition 2: An XML documentd is represented as a 5-tuple 8, A, Rx, Ro), in
which:

1.T = (D, <re) is the rooted, ordered, labeled and non-classifiee;
2.Bis a set of tags (XML elements);
3.A: D — is a function that assigns a nodeTion each XML tag;
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4. Rxis a set of binary relations @) e.g. parent, child and sibling;

5.Ro is a set of binary relations @x 3", where” andf3”" are groups of tags
from distinct XML documentg]” andd™’, respectively, witld” #d"", d'0 D andd”" [
D.

Definitions 1 and 2 are exemplified in Figure ls@awing that the trees shown
in this figure represent the documents andd”".The nodes andb are elements
which have a binary relationship.,[1 R, such asparent-child relationship and
among the documents there is a relationstyp:[] R0, established by the elemenis
anda’.

Definition 3: Taking into account thatis an XML documen(T,[3,A, Rx, Ro),in a
relation t(URY , andp(B) as a subset ¢&,the function §: p(B)— P(B) is defined, with
fx(X) ={y OB | Ix OX, so that(x,y) Cx}.Then the relation name could be overridden,
such adchig.

Figure 1.Relationships between the documents d” arti” and among their
elements.
Definition 4: Beingd” andd”™” two XML documents (T, B, A", Rx", Ro") and (T
B, N7, R, Ro"™), respectively, for a relatiomJRo” in d’, the functiongs:P(B")—
P(B") is defined bygs(X) ={y OB | [x OX,so that(x,y) Oac}.

An XML document consists of element structures,clgontain sub-elements
and attributes. The attributes are added to th@eals in opening declarations (tag).
Between an opening and a closing tag, there manpenumber of sub-elements. The
attributes can be used to make reference amongeatsnor between elements and
other XML documents. According to these propertib®, following definitions are
used to represent the data cube metamodel projposieid paper.

Definition 5: Being (F,S) a data warehouse (DW) schema, whéesea ket of facts
havingm measures, {F.)\] 1< q< m), and a set of independent dimensiarts = {S,
1<s<r), where eachsontains a group of tlomains, {S1;, 1<j <i} and each
licontains a group of n members, Nk, 1< p<n}. The (F,S) schema is composed of
schemas and link bases documents:

. F defines a set of fact tags;

. S defines a set of dimension tags;

. I defines a set of domain tags of a dimension;

. N defines a set of member tags of a domain;

. H defines a set of hypercube tags;

. M defines a set of measures for a fact;

. L is a set of link bases documents, representedSasiple T, B, A, Rx, Ro);
. VsO{1,...,r}, Ssdefines elements associated to faci& f

O~NOOOTHAWNPE
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9. VsO{1,...,rfand Vil {1,..., i}, Ssl; defines relationships between dimensions
and domains.

10. ViO{1,...,j} and Vn O {1,..., n,}, 1;.N, defines relationships between domains
and members.

As the definition of XLink allows types of relatiships between elements, by
the use of the attributdink:arcrole, this is used for the definition, considered below
of relationships between elements representing reesnldomains, dimensions, facts
and cubes.

Definition 6: Considerind[L, a linkbasé€T,3,A, Rx, Ro), the following relations
are defined in:

1. domain-membery¥ n ON, fy(n) = {i0J | | ChON, so that (n,iJJx};

2. dimension-domainv'itd I, f,(i) = {sO S| 00O, so that (i,s)Ix};

3. hypercube-dimensioiv s S, fy(s) = {h O H | (BS, so that (s,h)x};
4. all andnot-all: V' nON, fy(n) = {f O F | ChON, so that(n,f)0x};

Figure 2 shows how the relationships defined by Definition 6 can be
established. Each circle represents a node, wloctesponds to an XML element.
The lines that connect the nodes represent thelpesslationship types that can exist
between the elements. Thi®main-memberelationship connects elements that are
part of a domain. Thalimension-domainrelationship links the domain to the
dimension. Théhypercube-dimensiorelationship connects the fact to the dimension.
Lastly, the relationshipall and not-all state, for a given fact, whether all domain
members are part of the hypercube or not. Thesgioeships are established in the
XLDM metamodel through link bases.

hypercube-dimension

dimension-domain

Figure 2.Relationships between the trees that repsent the documents d” and d”".
Definition 7: Allow d to be an XML documer(fT,3,A, RX, Ro). A hypercube is
defined as ¥’ hOH | HO d} and {Vf OF | fO d}, and there is a functioiy(f) = {h
O H | OF0F, such that (f,h)x};

The XML formalism allows the insertion of sub-eleme multi-levels in an
XML element and the establishment of relationshippspugh XLink, which define
hierarchies among elements. Thus, the definitiothefdomain-memberelationship
allows the building of hierarchies in a dimensibor example, one dimensi@ountry
can have alomain-memberelationship with the elemetrazil, then, this one can

JISTEM, Brazil Vol.8, No. Fept/Dec2011, pp 641-662 www.jistem.fea.usp.



648 Silva, P. C. da, Cruz, M. S. H., Times, V. C.

have the same kind of relationship with other eletsee.g. bazil and south brazil
and northeast.Based on the definitions discussed in this sectadwguments that
compose the XLDM metamodel specification were @@éatNext, the XLDM
document specifications are discussed.

3.2 XLDM Documents

It is noticed that, due to the inherent XML teclow/ flexibility, different data
cube metamodels for data warehouses based on XMLbeaspecified. For this
reason, XML data heterogeneity problems are madeept: However, the use of
XLink and XML Schema can solve such problems thioube specification of
dimensions, facts and cubes. The proposed multitBioaal metamodel is based on
the definitions presented in section 3.1. To doisstance-schema.xsahdlinkbase-
schema.xsddocuments have been specified based on these tawfmiand are
available at http://www.cin.ufpe.br/~pcs3/XLDM/Spec

An XML database that uses XLink is made of scheniakbases and XML
instances, i.e.; XML documents with the data. Ttleesnas specify the elements that
represent the facts, the dimensions, the dimensi@embers and the cubes. The
linkbases define the relationships between membelisjensions and facts,
establishing combinations of cubes that can ekisthe instance, the facts occur and,
combined with dimension members, determine a dabe.c

The XML instance document, which may contain onemmre cubes, has a
structural dimensionin which the contexts are prtegk with the dimension members.
There is also a non-dimensional structure, withntleasures of the facts.Figure 3 shows
the UML components diagram (Unified Modeling Langea 2005) for the XLDM
metamodel proposed in this section. This figurestiates the data organization
according to this model. Based on XML Schema, theabulary, i.e. a set of elements
to be used in the XML instance, is specified. Thationships among the instance
elements and between them and other resources xpressed in linkbases. The
specified data types are common to a variety ofalos This was done in order to
broaden the model applicability. However, it is §ibke to create types for a specific
domain.

The attributes and elements declarations, which lbanfound in XLDM
instances, are made imstance-schema.xsdAn element declaration of particular
importance, the instance root element, is showristing 1. The presence of this
element and its children in the instance is base®efinition 1, 2 and 3. Initially, the
element naming is performed. In XLDM, two alterma8 are given to this element
identification, in order to name it according t@ thomain to which it is being applied:
(1) changing its declaration in tiestance-schema.xstbcument; (2) without changing
its declaration in thenstance-schema.xsdocument, a label can be created for this
element, specifying it in the link base Label amdating a relationship between two
documentsRa, Definitions 2 and 4). Thus, the instanddm element has a label, for
domain application, specified on the link base llabdext, there is the element
description. After this, the declarations of thé&rences to schemas, link bases, roles
and arcroles are performed. To do schemaRefinkbaseRefroleRefandarcrole Re
felements were specified to allow the establishneémelationships among documents
(Ro) as shown in Definition 2 and 4. A significant cheteristic is the obligatoriness of
two link bases (entitled Definition and Label, whiwill be discussed later). Thus, the
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number of minimum occurrences in tlekbaseRetlement is defined as two. Finally,
the elements that can occur in the instance arlardelc such agem andtuple Fact
Schemaand Hypercube Schemare created from thiestance-schema.xsdefinitions,
which define, respectively, the elements that regme the facts and the dimensions
members. Regarding organization purposes, thesgrsshcan be specified in the same
document or in distinct documents. In the instadoeuments, it is mandatory the
presence ofcontextRefand unitReéttributes in the elements that represent the
facts.They make reference to the dimensional coraed the fact unit, represented by
the elementgontextandunit, found in the multidimensional structure. The dealion

of these two attributes and elements establishebitiary relationsKY) described in
Definitions 2 and 3 and its use is illustrated la extract of the XLDM instance
document show in Listing 11.
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Linkbase Definiion &

Linkbase Label g]

NN Linkbase Description & |

|
|
FactSchema ] Linkbase Reference 3 |
—— >
I
Linkbase Calculation &
[
|
!___% Linkbase Ordering 2 |
*MLInstance B |
Data Cube 8]
Linkbase Definiion 8]
Linkhase Lakel g]
Linkbase Destription
Hypercube Schema 8 | - —— = " Al

i_ N Linkbase Reference 8 |

Linkbase Calculation 8]

I Linkbage Ordering g]

Figure 3.The XLDM Multidimensional Metamodel.
Listing 1. Definition of an XLDM Root Element

<el enent nane="xl dni >

<complexType>

<sequence>

<element ref="link:schemaRef" minOccurs="1"

maxOccurs="unbounded"/>

<el enent ref="link:|inkbaseRef" m nCccurs="2"

maxQccur s=" unbounded"/ >

<element ref="link:roleRef" minOccurs="0"

maxOccurs="unbounded"/>

<element ref="link:arcroleRef" minOccurs="0"

maxOccurs="unbounded"/>

<choice minOccurs="0" maxOccurs="unbounded">

<element ref="xdmi:item"/>

<element ref="xdmi:tuple"/>

<element ref="xdmi:context"/>

<element ref="xdmi:unit"/>

<element ref="link:footnoteLink"/>

</choice></sequence>
</complexType></element>

Linkbases are defined to conform to the relatiopshhat can be present in a
great variety of domains. The definitions occurauding roles specification for the
arcrole attribute, besides the inclusion of elements attbates. Listing 2 shows the
arcrole multiplication-itemspecification and, in Listing 3, the Descriptiankbase
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definitionis illustrated. XLDM proposed linkbasedae discussed next and their uses
are illustrated in Section 4.

Listing 2. The multiplication-item Arcrole definiti on

<arcroleType id="multiplication-item"
cyclesAllowed="undirected"

arcroleURI="http://www.example.br/arcrole/multiplic ation-item">
<definition>Target (a primary item declaration) is a multiplication
factor which composes the value of the source (a pr imary item

declaration)</definition>
<usedOn>calculationArc</usedOn>
</arcroleType>

Listing 3 The Description Linkbase definition.

<element name="descriptionILink"
substitutionGroup="xl:extended">
<annotation>

<documentation>
descriptionLinkelementdefinition.
</documentation>

</annotation>

<complexType>

<complexContent>

<restriction base="xl:extendedType">
<choiceminOccurs="0" maxOccurs="unbounded">
<elementref="xl:title"/>
<elementref="link:documentation"/>
<elementref="link:loc"/>

<element ref="link:descriptionArc"/>
</choice>

</complexContent>
</complexType>
</element>

1. The Definition linkbase, considered mandatory, aflothe creation of the
hierarchical element structure. This solves thélgrm of structural heterogeneity. For
the structural aspect, the relationship definidonong dimensions, members and cubes
is performed by the Definitionlinkbase. The relaship is expressed by the arcrole
domain-membelists and the possible members of a domain, wisi@dssociated to the
dimension through the arcroldimension-domainThe cross product between the
dimensions and the facts, in order to establishpibgsible cubes to be used in the
instance, is defined by the arcrdigpercube-dimensioo include the measures in the
cube, the arcrolall is to be used and to exclude the member of a domaancube
specification, the arcrot®tAll is also used. These relations, based on the Defigi5,

6 e 7, determine the relationship among membensemsions, facts, cubes and possible
values for the attributarcrole, so that a data multidimensional model may betetea
These relationships are shown in Figure 2. Besidese relationships, illustrated in
Listing 6, other relationships are also specifiddheir definition occurs with the
following arcroles: (a)main, which defines a relationship between a concept an
another as main, e.g. in a model for a diseasénezd, a medical procedure is defined
as the main one for a disease treatments€lopndary which defines a relationship as
secondary. In the disease treatment example, thayebe the main procedure and the
secondary ones. Then, the attriboteler indicates the order in which the secondary
procedures should be performed; gcipstitution which determines the possibility of
substitution of a concept for another one, e.gnedical procedure can be replaced by
another one. The attributerder indicates the order in which the concepts can be
replaced, e.g., it defines the order in which tfexpdures replace the main one;
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2. The Label linkbase allows the use of different lab®r the same element,
which can be specified in different languages tglothe attributexml:lang This is
mandatory, so that the semantic and syntactic bgdeeities can be avoided,;

3. The Ordering linkbase is an optional linkbase defito determine not only the
elements’ presentation order in the instance, ksat #heir processing order, which can
differ from the presentation. For the definition Iks aiming at specifying the
presentation orders, an extended link elenpeesentationLinks used. For processing
purposes, the elementocessingLinks used,;

4. The Description linkbase is another optional linddaintroduced in this
metamodel in order to supply textual descriptionatoelationship. For example, the
relationship between a disease and its descrijgioapresented by these linkbase arcs.
Placing the descriptions in a different linkbasatdabutes to the model modularity;

5. The Reference linkbase is also optional and itseduto define elements that
represent references;

6. The Calculation linkbase expresses arithmetic ioglat It was defined so that,
besides the sum operation, the arithmetic opemtioh multiplication, division,
exponentiation and n-th root are specified. To dovalues are defined for tla&crole
attribute. Listing 4 shows the possible arcroleastlos linkbase, which depends on the
arithmetic operation. Attributes are also definedth proper domains, for each kind of
operation. For example, the attributeightchanges its domain based on the operation.
For sums, the domain varies from -1 to 1, what redhat its value is completely or
partially used in the addition, which results i gharent element value. This attribute
domain for multiplication is the set of real nunmbeRegarding the exponentiation and
n-th root operations, there are the attribegonentandindex of which domain is the
set of natural numbers. For division, only #rerole values are used in the numerator
and denominator specification.

By using XLDM, the heterogeneity questions of thkllXdata, mentioned in
section 1, are solved as follows: (i) in semantiks, Label linkbase establishes one or
more names for an element defined in the scheneeldre, a unique element can have
several names, and distinct elements in differemalns can have the same name. This
allows an application to perform the processingulgh the element itself or through its
label; (ii) in syntactic, the Label linkbaseallowse definition of names in different
languages for the same element and the attrimiteallows to inform the unit referring
to the measure; and (iii) in the structural, thdesoa defines the elements, their
attributes, and child elements. The Definition bake specifies the hierarchy among the
elements, determining the XML document structure.

Listing 4. Attribute arcrole in Calculation Linkbas e.

Attribute arcrole Name Meaning
<link:calculationArcxlink:type ="arc " The total value of
xlink:arcrole =" http://www.example.br/arcrole/summation-item " | conceptB
xlink:from  ="A"xlinkito  ="B" weight ="1.0 "/> contributes for the
formation of concept
A.
<link:calculationArcxlink:type ="arc " Three times the
xlink:arcrole =" http://www.example.br/arcrole/multiplication- value of Bis a
item " multiplication
xlink:from =" A'xlinkito  ="B" weight ="3.0 "/> factor to compose
the value of A.
<link:calculationArcxlink:type ="arc " The value of B is
xlink:arcrole =" http://www.example.br/arcrole/numerator-item " | the numerator of the
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xlink:from =" A"xlink:to  ="B"/> division that
compose the value of
A.
<link:calculationArcxlink:type ="arc " The value of C is
xlink:arcrole =" http://www.examplo.br/arcrole/denominator- the denominator of
item " the division that
xlink:from  ="A"xlinkto ="C'/> composes the value
of A.
<link:calculationArcxlink:type ="arc " The value of A
xlink:arcrole =" http://www.example.br/arcrole/exponentiation- corresponds to the
item " value of the third
xlink:from =" A'xlinkito  ="B" expoent ="3.0 "/> exponent of B.
<link:calculationArcxlink:type ="arc " The value of A
xlink:arcrole =" http://www.example.br/arcrole/nthroot-item " corresponds to the
xlink:from =" A"xlink:to  ="B" index ="2.0 "/> n-th root of B.

4. CASE STUDY

In order to demonstrate the applicability of th@gosed metamodel, a case
study is presented to apply XLDM to medical dataresented in XML documents. At
www.cin.ufpe.br/~pcs3/XLDM, a different example, atiag with sales, is also
available.

4.1  XLDM Application

Figure 4 shows UML components diagram for the datae model used in this
case study. Thd&reatmentCubéypercube has four dimensiorRatient, Procedure,
Medication and Diseasél'hey relate to the hypercube through the arcriojgercube-
dimension There is also the relationship of the cube with Dosagemeasure, made
with the use of the arcroldl. The schema created is shown in Listing 5. It @imistthe
definition of the data cubd8reatmentCubethe dimensionPatientDimension the
domain PatientDomain, and a member of this domairPgtient). Finally, the
specification of thddosagemeasure is made. The use of the attrilaltstractin some
elements indicates that these are used only foctsiral organization purposes and it is
not possible to be used in the instance.

Listing 5. Schema Document

<element id="TreatmentCube”
name="TreatmentCube"type="xIdmi:stringltemType”abst ract="true”
substitutionGroup="xldmdt:hypercubeltem”/>

<element id="PatientDimension”
abstract="true"name="PatientDimension"type="xldmi:s tringltemType"
substitutionGroup="xldmdt:dimensionltem"/>

<element id="PatientDomain" name="PatientDomain"
type="xldmi:stringltemType"abstract="true"

substitutionGroup="xldmi:item"/>

<element id="Patient1" name="Patient1" type="xIdmi: stringltemType"
substitutionGroup="xIdmi:item"/>

<element id="Dosage" name="Dosage"
type="xldmi:stringltemType"substitutionGroup="xldmi litem"/>
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Figure 4.The Data Model for the Treatment Cube.

Listing 6 illustrates some elements of the Defontilinkbase, in which the
definitions of the hierarchic relations occur. Tdrerole all is used for the relationship
between the TreatmentCube cube and the Dosage measie dimensions are linked
to the cube through the arcrole hypercube-dimendibe dimensions also relate to its
domains through the arcrole dimension-domain. Rmahe arcrole domain-member
provides the representation of the hierarchiebéendimensions.

Listing 6. Definition Linkbase

<definitionLinkxlink:type="extended"
xlink:role="http://www.example.br/xldm/treatment">
<locxlink:type="locator" xlink:label="Ibl_Treatment
xlink:href="treatment.xsd#TreatmentCube"/>
<locxlink:type="locator" xlink:label="lbl_Dosage"
xlink:href="treatment.xsd#lbl_Dosage" />
<definitionArcxlink:type="arc" xlink:arcrole=http:/
xlink:from="Ibl_Dosage" ink:to="Ibl_TreatmentCube"/
<locxlink:type="locator" xlink:label="lbl_PatientDi
xlink:href="treatment.xsd#lbl_PatientDimension" />
<definitionArcxlink:type="arc" xlink:arcrole="http:
dimension”
xlink:from="Ibl_TreatmentCube" xlink:to="Ibl_Patien
<locxlink:type="locator" xlink:label="lbl_PatientDo
xlink:href="treatment.xsd#lbl_PatientDomain"/>
<definitionArcxlink:type="arc" xlink:arcrole="http:
domain”

xlink:from="Ibl_PatientDimension" xlink:to="Ibl_Pat
<locxlink:type="locator" xlink:label="Ibl_Patient1"
xlink:href="treatment.xsd#lbl_Patient1" />
<definitionArcxlink:type="arc" xlink:arcrole="http:
member"

xlink:from="Ibl_PatientDomain" xlink:to="Ibl_Patien
</definitionLink>

Cube"

/www.example.br/arcrole/all

>

mension"
Ilwww.example.br/arcrole/hypercube-

tDimension"/>
main"

Ilwww.example.br/arcrole/dimension-

ientDomain"/>

Ihwww.example.br/arcrole/domain-

t1"/>

The Label linkbase, used to create labels for tlnbers, can be seen in
Listing 7. In this case, the label specificatiome ased to represent the medicine

JISTEM, Brazil Vol.8, No. Fept/Dec2011, pp 641-662 www.jistem.fea.usp.



655
XLDM: Na Xlink-Based Multidimensional Metamodel

commercial names and supply the ICD-10 code, arnational standard for diseases.
In this example illustrated in Listing 7, the ditritelang indicates that the drug name
is specified in the English language. These ratatiose the arcroleoncept-label

Listing 7. Label Linkbase

<labelLinkxlink:type="extended" xlink:role="http:/ /mwww.example.br/xldm/treatment">

<locxlink:type="locator" link:label="lbl_Captopril"

xlink:href="treatment.xsd#Captopril" />

<label xlink:type="resource" xml:lang="en" xlink:la bel="Ibl_Capitopril_Comercial"

xlink:role="http://www.example.br/role/label">

Capoten

</label>

<labelArcxlink:type="arc" xlink:arcrole="http://www .example.br/arcrole/concept-label”
xlink:from="lbl_Captopril" xlink:to="Ibl_Capitropil _Comercial'/>

</labelLink>

For the medical area, it is necessary to specifgrder for performing certain
procedures during the disease treatment. In thposex data model, it is possible to
express this by ordering representation using trdefnglinkbase. This linkbase can
be seen in Listing 8, which uses a processingLilgment to define that the first
element that should be processed is the cubewetldoy the dimension, the domain
and the member. This is done by the numerical vafuke attributeorder.

Listing 8. Ordering Linkbase

<processingLinkxlink:type="extended"
xlink:role="http://www.examplE.br/xldm/treatment">

<locxlink:type="locator" xlink:label="Ibl_Treatmen tCube"
xlink:href="treatment.xsd#lbl_TreatmentCube" />
<locxlink:type="locator" xlink:label="Ibl_PatientD imension"
xlink:href="treatment.xsd#lbl_PatientDimension" />
<processingArcxlink:type="arc" xlink:arcrole="http: Ilwww.example.br/arcrole/parent-
child"

xlink:from="Ibl_TreatmentCube" xlink:to="Ibl_Patien tDimension" order="1" />
<locxlink:type="locator" xlink:label="lbl_PatientDo main"
xlink:href="treatment.xsd#Ibl_PatientDomain" />
<processingArcxlink:type="arc" xlink:arcrole="http: Ilwww.example.br/arcrole/parent-
child"

xlink:from="Ibl_PatientDimension" xlink:to="Ibl_Pat ientDomain" order="2"/>

<locxlink:type="locator" xlink:label="lbl_Patient1"
xlink:href="treatment.xsd#lbl_Patient1" />
<processingArcxlink:type="arc" xlink:arcrole="http: Ilwww.example.br/arcrole/parent-
child"

xlink:from="Ibl_PatientDomain" xlink:to="Ibl_Patien t1" order="3"/>
</processingLink>

The Description linkbase is used to provide textdescriptions related to a
certain concept. Listing 9 shows the descriptiordenfor an element that represents
the disease Rheumatic Fever.
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Listing 9. Description Linkbase

<descriptionLinkxlink:type="extended"
xlink:role="http://www.example.br/xldm/treatment">
<locxlink:type="locator" xlink:label="Ibl_Rheumatic
xlink:href="treatment.xsd#RheumaticFever"/>
<description xlink:type="resource"
xlink:role="http://www.example.br/role/description”
xlink:label="desc_RheumaticFever">
Rheumatic fever is an inflammatorydisease tha
after a Group A streptococcal infection such as str
It is believed to be caused by antibodycross-reacti
heart, joints, skin, and brain. Acute rheumatic fev
children ages 5 through 15, with only 20% of first
adults
</description>
</descriptionLink>

fever"

t may develop two to three weeks
ep throat or scarlet fever).
vity and can involve the
er commonly appears in
time attacks occurring in

Listing 10 shows the composition of a medicine, mgkevident the
relationship between the formula components and riexdicine by using the
Calculation linkbase. This linkbase explains that tmedicine Hydralazine is
composed by 5% of Sodium Nitroprussiate and 25%atbnic Glucose Solution.

Listing 10. Calculation Linkbase

<calculationLinkxlink:type="extended" xlink:role="h
<locxlink:type="locator" xlink:label="lbl_Hydralazi
xlink:href="treatment.xsd#Hydralazine" />
<locxlink:type="locator" xlink:label="lbl_SodiumNit
xlink:href="treatment.xsd#SodiumNitroprussiate" />
<calculationArcxlink:type="arc"
xlink:arcrole="http://www.example.br/arcrole/summat
xlink:from="Ibl_Hydralazine" xlink:to="Ibl_SodiumNi
<locxlink:type="locator" xlink:label="Ibl_IsotonicG
xlink:href="treatment.xsd#lsotonicGlucoseSolution"/
<calculationArcxlink:type="arc"
xlink:arcrole="http://www.example.br/arcrole/summat
xlink:from="Ibl_Hydralazine" xlink:to="Ibl_Isotonic
</calculationLink>

ttp://www.example.br/treatment”>
ne"

roprussiate”

ion-item"
troprussiate" weight="0.05"/>
lucoseSolution”

>

ion-item"
GlucoseSolution" weight="0.25"/>

An extract of the instance document is illustratedisting 11, showing a data
cube, where the context Patientl Hypertension iBneld In this context, the
dimension members PatientDimension, ProcedureDimend/JedicationDimension
and DiseaseDimension are given. The temporal viethe fact is established by the
element period, with sub-elements for the starting ending date for which the fact
is valid. A temporal hierarchy can be establishgather sub-elements, e.g. elements
for year, semester. The elememit defines the measure unit. In the example, the unit
referring to the fact is milligrams per day, i.er Patient], which is undertaking the
fundoscopy treatment, during the period of Janu&ry2007 to December 312007,
for the disease hypertension, the daily dose ofriadicine Captopril is 50mg.

Listing 11. XLDM Instance

<context id="Patientl_Hypertension">
<entity>

<segment>

<xldmdi:explicitMember

<xldmdi:explicitMember

dimension="treat:ProcedureDimension">treat:Fundosco
<xldmdi:explicitMember
dimension="treat:MedicationDimension">treat:Captopr
<xldmdi:explicitMember
dimension="treat:DiseaseDimension">treat:Hypertensi
</segment>

dimension="treat:PatientDimension">treat:Patientl

</xldmdi:explicitMember>

py</xldmdi:explicitMember>
il</xldmdi:explicitMember>

on</xldmdi:explicitMember>
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</entity>

<period><startDate>2007-01-01</startDate>

<endDate>2007-12-31</endDate></period>

</context>

<unit id="mg_day"><divide>

<unitNumerator>mg</unitNumerator>

<unitDenominator>day</unitDenominator></divide>

</unit>

<treat:DosagecontextRef="Patientl_Hypertension" uni tRef="mg_day">50</treat:Dosage>

5. A COMPARATIVE ANALYSIS BETWEEN XLDM ANDXBRL
DIMENSIONS

Since XLDM and XBRL Dimensions use the same teabgies, XML Schema
and XLink, it is important to highlight the diffarees between them. This section
provides a comparison between an application of XMD financial indexes and
XBRL Dimensions. Besides having a broader applltghihan XBRL Dimensions,
XLDM has also agreater expressivity and its ussasier. An example to show that the
use of XLDM, in the financial field, can have maepressivity than XBRL is given by
the use of the proposed arcroles for the Calculalimkbase. Listing 12 shows the
specification of a financial index namédexposureRiskindexlt is formed by the
relationship betweekxposureValuandCreditRiskCapitalRequirement$his element
was extracted from the XBRL taxonomy of project (EFR(Boixo& Flores, 2005), an
initiative of CEBS (Committee of European Bankingip8rvisors) to provide a
framework of financial reports for some institutsoftom the European Union. It is not
possible to express this kind of relationship inR{BDimensions. It happens because
there is no relationship for division operationXBRL Dimensions.

In addition to that, byusing the Description linkkba it is possible to give a
description to a concept. In Listing 13, there ipat of the Description linkbase,
describing the Exposure Risk Index concept. Assaltethe XLDM contribution, in the
financial field, extends the possibilities offerbg XBRL Dimensions. Consequently,
besides the proposed generalization, a wider esipigsis assured. A taxonomy for
some financial indexes are available at
www.cin.ufpe.br/~pcs3/XLDM/FinancialDataModel.

Listing 12.Financial Index Specification

<calculationLinkxlink:type="extended” xlink:role="h ttp://lwww.example.br/financial”>
<locxlink:type="locator” xlink:label="lbl_ExposureV alue”
xlink:href="financial.xsd#ExposureValue"/>
<locxlink:type="locator” xlink:label="lbl_ExposureR iskindex”

xlink:href="financial.xsd# ExposureRiskindex"/>
<calculationArcxlink:type="arc”

xlink:arcrole="http://www.example.br/arcrole/numera tor-item”

xlink:from="lbl_ ExposureRiskindex” xlink:to="Ibl_E xposureValue”/>
<locxlink:type="locator” xlink:label="lbl_CreditRis kCapitalRequirements”
xlink:href="financial.xsd#CreditRiskCapitalRequirem ents”/>

<calculationArcxlink:type="arc”

xlink:arcrole="http://www.example.br/arcrole/denomi nator-item”

xlink:from="lbl_ExposureRiskindex” xlink:to="Ibl _CreditRiskCapitalRequirements”/>

</calculationLink>

Listing 13. Debt Composition Index Description

<descriptionLinkxlink:type="extended”
xlink:role="http://www.example.br/financial”>

<locxlink:type="locator"xlink:label="Ibl_ExposureRi skindex”
xlink:href="financial.xsd#ExposureRiskindex"/>
<description xlink:type="resource” xlink:role="http J/lwww.example.br/role/description”
xlink:label="desc_ExposureRiskindex">

<desc:Description>Ratio between Exposure Value andC redit Risk Capital

Requirements.
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</desc:Description>
</description>

<descriptionArcxlink:type="arc” xlink:arcrole=http: /lwww.example.br/arcrole/concept-
description”
xlink:from="Ibl_ExposureRiskindex” xlink:to="desc_E xposureRiskindex”/>

</descriptionLink>

A XLDM application can be found in the LMDQL (Linkased and
Multidimensional Query Language) (Silva & Times,08). LMDQL is a language
that has operators for multidimensional analysis dafta represented in XML
documents interconnected through XLink. LMDQL hasn aoperator,
OperatorDefinition, which allows the users to create new operatorsoutih
mathematical relation sexpressed in the linkbaskeuGdion. In operator’s creation
through OperatorDefinition are generatedthekbase Calculation, Definiticemd
Labelnd the operators scheme (XMBchema In such cases, the solution for the
problems of data heterogeneity in XML is also reathlhe operator specification is
represented olinkbase Calculatiorto define the arithmetic relation that constitutes
the new operator. LMDQL language processor wasrpurated into the OLAP server
Mondrian (Mondrian, 2008) so that the analytical querieslddae performed based
on this languagein XML documents. After this implkamation, the creation and use
of the operator, that represents the indexposureRiskindewere possible. Figure 5
illustrates this operator creation by LMDQL oper&peratorDefinitiorand Figure 6
demonstrates its use. Figure 7 shdm&base Calculation stored on SGBD DB2
Express C (IBM — DB2 Express C, 2006), generated ttne operator
OperatorDefinition which represents the index created.

6. CONCLUSION

The metamodel proposed in this article solves thierogeneity problems of
XML data through the specification of data schenigsusingXML Schema, and the
relationships between them, through linkbases. Jipecification of this metamodel
allows its use in different domains, because thayehlinkbases that determine
common relationships with several knowledge areag,ordering relation, hierarchy,
element naming, description and reference. Forhmaetic relationships, the
Calculation linkbase comprises all kinds of basr@thanetic operations, making
various mathematic expressions possible. An importharacteristic is that the
metamodel, being based on XLink, can be extendedefresenting relationships that
are not predicted. For this reason, XLDM makesdé&eelopment of processing XML
data tools, that use XLink (Silva & Times, 2009pjlya, Santos and Times, 2010),
easier. This paper presents the formalism for XMibes based on XLink, thus,
allowing the specification of the proposed metanhdo@sed on a set of XLDM
documents definitions.

The case study shows its applicability in the madiand financial area
Another application of the metamodel XLDM was mamte the field of sale
organization, which can be seen in
http://www.cin.ufpe.br/~pcs3/XLDM/foodMartXML. Forfurther proposals, it is
intended to use this metamodel in other domaind,tarvalidate it in other contexts
with the LMDQL language, developed for the anaBftiprocessing of XML data that
uses XLink. A CASE tool that uses XLDM to defineta@lanodels for specific domains
can also be seen as another indication of futuwwpqwals of work.
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Operator Definition

with operatordefinition('[Measures].[ExposureValue]/[Meazures]. j
[CreditRiskCapitalRequirements]',ExposureRiskIndex)

Create Operztor Defintion

List of Operator Definition

#ExposureRiskindexd -> member [Measures) ExposureRiskindey] as '[Measures] [ExposureValug) [Measures] [CreditRiskCapitalRequirements

#AcumulatveExposuref —> member [Measures]. [AcumulativeExposure] as "1 00*{Measures] [ExposureValue]+1.00*[Measures] [CreditRiskCapitalRequirements]

Figure 5.Index creation from the operatorOperator Definition.

Ad-Hoc MDX Queries

select {[Measures].[CreditRiskCapitalRequirements],[Measures]. ﬂ
[ExposureValue], ZExposureRiskIndex=} ON COLUMNS,

{([Exposure Class])} ON ROWS
from [Capital Requirements SA]

Process MDX query Database: ¢ Relational & XML
Results:

[Measures].[CreditRiskCapitalRequirements] [Measures]. [ExposureValue] [Measures].[ExposureRiskIndex]
[Exposure Class].[All Exposure Classs] 480.00 234.52 0.49

Execution Time: 859 ms.

Figure 6.Use of the operatoExposureRiskl ndex.
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(2] wlinktitls CDATA ExposureRiskIndex ExposureRiskIndex btk e w3, orgl 1999 x<link,
(=id CDATA ExposureRiskIndesx ExposureRiskIndex
E sldm:memberRef  CDATA [Measures] [ExposureRiskIndex] [Measures]. [ExposureRiskInde:x] htkp:f e, cin,ufpe.br fepc. .
| 6-de & itens exibidos | lAz gl:-‘& d> 59 S}’ hﬂ | Visualizagdo Padrao® *| wisuslizaggo |
o |

Figure 7.Linkbase Calculation, created by the LMDQL operator OperatorDefinition.
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