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Abstract. EXtensible Markup Language (XML) has emerged as the dominant
standard in describing and exchanging data among heterogeneous data sources.
XML with its self-describing hierarchical structure and its associated XML
Schema (XSD) provides the flexibility and the manipulative power needed to
accommodate complex, disconnected, heterogeneous data. The issue of large
volume of data appearing deserves investigating XML Document Warehouses.
But due to XML’s non-scalar, set-based semi-structured nature, traditional data
design models lack the ability to represent XML design level constructs in an
abstract and implementation-independent form which are crucial for designing
complex domains such as data marts and data warehouses, but also during their
operational and maintenance phase. We utilize Object Oriented (OO) concepts
to develop a conceptual model for XML Document Warehouses. In this paper
we propose a conceptual design formalism to build meaningful XML Document
Warehouses (XDW). Our focus includes; (1) conceptually design and build
meaningful XML (warehouse) repository (xXFACT) using OO concepts in inte-
gration with XML Schema constructs, (2) conceptually model and design vir-
tual dimensions using XML conceptual views [10a] [10b] to satisfy warehouse
end-user requirements and (3) use UML package diagrams to help logically
group and build hierarchical conceptual views to enhance semantics and ex-
pressiveness of the XDW.

1 Introduction

Data Warehousing (DW) has been an approach adopted for handling large volumes
of historical data for detailed analysis and management support. Transactional data in
different databases is cleaned, aligned and combined to produce good data ware-
houses. Since its introduction in 1996, eXtensible Markup Language (XML) has
become the defacto standard for storing and manipulating self-describing information
(meta-data), which creates vocabularies in assisting information exchange between
heterogenous data sources over the web [22]. Due to this, there is considerable work
to be achieved in order to allow electronic document handling, electronic storage,
retrieval and exchange. It is envisaged that XML will also be used for logically en-
coding documents for many domains. Hence it is likely that a large number of XML
documents will populate the would-be repository and several disparate transactional
databases.
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The concern of managing large amounts of XML document data arises the need to
explore the data warehouse approach through the use of XML document marts and
XML document warehouses.

Since the introduction of dimensional modeling which, evolves around facts and
dimensions, several design techniques have been proposed to capture multidimen-
sional data (MD) at the conceptual level. Ralph Kimball’s Star Schema [11] proved
most popular, from which well-known conceptual models SnowFlake and StarFlake
were derived. More recent comprehensive data warehouse design models are built
using Object-Oriented concepts (structural relationships, Object cubes or data cubes)
on the foundation of Star Schema. In [7] [8a] [8b] and [18] two different OO modeling
approaches are demonstrated where a data cube is transformed into an OO model
integrating class hierarchies. The Object-Relational Star schema (O-R Star) model [9]
aims to envisage data models and their object features, focusing on hierarchical di-
mension presentation, differentiation and their various sorts of embedded hierarchies.

These models both object and relational have a number of drawbacks namely they
are; (a) data-oriented without sufficient emphasis or capturing user requirements, (b)
extensions of semantically poor relational models (star, snowflake models), (c) origi-
nal conceptual semantics are lost before building data warehouses as the operational
data source is relational, (d) further loss of semantics resulting from oversimplified
dimensional modeling, (e) time consuming if additional data semantics are required
to satisfy evolving user requirements and (f) complex query design and processing is
needed, therefore maintenance is troublesome. When applying these approaches to
the design of XML document warehouses, it is important to consider XML’s non-
scalar, set-based and semi-structured nature. Traditional design models lack the abil-
ity to utilise or represent XML design level constructs in a well-defined abstract and
implementation-independent form.

One of the early XML data warehouse implementation includes the Xyleme Pro-
ject [16]. The Xyleme project was successful and it was made into a commercial
product in 2002. It has well defined implementation architecture and proven tech-
niques to collect and archive web XML documents into an XML warehouse for fur-
ther analysis. Another approach by Fankhauser et al. [5] explores some of the changes
and challenges of a document centric (such as EDI messages, eBooks) XML ware-
house. Both these approaches offer some powerful implementation and architectural
design insights into XML warehouses but, coupling them with a well defined concep-
tual and logical design methodology may help future design of such XML warehouse
for large-scale XML systems. For these given reasons, in this paper we propose a
conceptual modelling approach to the development of an XML Document Warehouse
(XDW).

1.1 Our Work

UML, a widely adopted standard for Object-Oriented (OO) conceptual models is the
foundation to build this conceptual model for XML document warehousing, consider-
ing that its graphical notation complies with the user(s) and domain expert(s) under-
standing. Our proposed methodology provides; (a) a conceptual design, using UML,
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for the XDW meaningful XML FACT repository (xFACT), (b) conceptually model
and design virtual dimensions using XML conceptual views [10a] [10b] to satisfy
warehouse end-user requirements and (c) use UML package diagrams to logically
group and build hierarchical conceptual views to enhance semantics and expressive-
ness of the XDW.

The main aspects to our methodology are as follows; (1) User requirements (UR):
Assist in determining different perspectives of the document warehouse rather than
data/documents, (2) XML Document structure [13]: Using XML document capability
in accommodating and explicitly describing heterogeneous data accompanied with
their inter-relationships semantics (unlike flat-relational data), (3) XML Schema:
Describes, validates and provides semantics for its corresponding instance document
(XML document) [15]. Also, it can capture all OO concepts and relationships [4] [6]
as well as intuitive XML specific constructs, such as ordering explained in Section
1.2 and (4) Conceptual Views [10a][10b]: A conceptual view describes how a collec-
tion of XML tags relates to the direct use of a domain user at the conceptual/abstract
level. A typical XML domain may contain XML documents ranging from few to
many thousands of semantically related clusters of XML documents depending on the
real world requirement. Only a subset of the XML tags cluster, its specification and
their data values (information), which collectively form a conceptual view, may be of
interest to the domain user at a point in time.

The rest of the paper is organized as follows; In Section 1.2, we outline some
unique XML Schema concepts that are captured and modeled using UML, while
Section 1.3 provides a brief description of the example case study used in this paper,
of which, we will be gradually building XML warehouse model (using UML). Sec-
tion 2 is dedicated to in-depth discussion of the XDW conceptual model (with exam-
ples), followed by the conclusion in Section 3.

1.2 XML Schema and OO Concepts

A widely used approach for conceptual modeling to developing XML Schemas is the
OO conceptual model, frequently expressed in UML [6]. In order to understand the
semantics that must be captured in abstract models of XML Data Warehouses, two
significant issues are raised (1) ordered composition and (2) homogeneous composi-
tion. An illustration of each case is provided in the sections that follow using the
proposed mapping techniques in [6] for the transformation of the OO diagrams to
XML Schema. The examples are extracted from the complete UML diagram in Fig-
ure 5.

1.2.1 Ordered Composition
Consider the following XML Schema fragment:

<xs:element name="Publ_Papers" type=" Publ_PaperType"/>
<xs:complexType name="Publ_PaperType">
<xs:sequence>
<xs:element name="Paper_ID" type="xs:ID"/>
<xs:element name="Paper_Desc" type="xs:string"/>
<xs:element name="Paper_Length" type="xs:short"/>
<xs:element name="Publ_Abstract" type="Publ_AbstractType"/>



4 Vicky Nassis et al.

<xs:element name="Publ_Content" type="Publ_ContentType"/>
<xs:element name="Publ_Reference" type="Publ_ReferenceType"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="Publ_AbstractType">
<xs:sequence>
<xs:element name="Abst_PaperlD" type="xs:IDREF"/>
<xs:element name="Abst_Contents" type="xs:string”/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="Publ_ContentType">
<xs:sequence>
<xs:element name="Cont_PaperlD" type="xs:IDREF"/>
<xs:element name="Cont_NoOfPages" type="xs:short"/>
<xs:element name="Cont_WordsCount" type="xs:short"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="Publ_ReferenceType">
<xs:sequence>
<xs:element name="reference_ID" type="xs:ID" nillable="false"/>
<xs:element name="NoOfReferences" type="xs:string" nillable="false"/>
</xs:sequence>
</xs:complexType>

The composite element Publ Papers is an aggregation of the sub-elements
namely Publ Title, Publ Abstract and Publ Content. Interpreting this
XML Schema section we observe that the tag <xs:sequences> signifies that the
embedded elements are not only a simple assortment of components but these have a
specific ordering. Hence we add to UML an annotation that allows capturing of the
ordered composition as shown in Figure 1, utilizing stereotypes to specify the ob-
jects’ order of occurrence such as <<1>>, <<2>>, <<3>>, .... ,<<n>>. Figure 1b shows
the XML Schema segment above modeled applying this UML notation.

Publ_Papers
BPaper_ID
[&Paper_Desc
BEPaper_Length

Composite Object

\ 1 :
<<1>> <<2>> <<3>>
1 1 “ 1 | Publ_Abstract | %CPUTI;ContT;t Publ_References
[BEAbst_PaperlD ont_Paper
<<1>> <<2>> <<3>> EAbst_Contents [BCont_NoOfPages gzﬁf&rg;?;gﬁes
Component A Component B Component C I |B&Cont_WordsCount

a. UML Stereotype for an Ordered Composition b. The XML Schema Fragment for an Ordered
Composition shown in UML

Fig. 1. Figures 1(a) and 1(b): Ordered composition example

1.2.2 Homogeneous Composition

In a homogeneous aggregation, one “whole” object consists of “part” objects, which
are of the same type [19]. Two important cases are considered when applied to the
homogenous composition, which are as follows:
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1.2.2.1 Case of One-to-Many Relationship
Consider the XML schema segment below of the relationship between the two ele-
ments Publ Chapter and Publ_Section.

<xs:element name="Publ_Chapter" type="Publ_ChapterType"/>
<xs:complexType name=" Publ_ChapterType">
<xs:sequence>
<xs:element name="Ch_No" type="xs:short"/>
<xs:element name="Ch_Title" type="xs:string"/>
<xs:element name="Ch_Keywords" type="xs:string" maxOccurs="unbounded"/>
<xs:element name="Publ_Section" type="Publ_SectionType" minOccurs="1"
maxOcurs ="unbounded"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="Publ_SectionType">
<xs:sequence>
<xs:element name="Section_Title" type="xs:string"/>
<xs:element name="Section_Contents" type="xs:byte"/>
<xs:element name="Section_Figures" type="xs:anyType"/>
<xs:element name="Section_Tables" type="xs:byte"/>
<xs:element name="Section_SubSection" type="Publ_SectionType" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>

It is declared that the object Publ Chapter can consist of one or more
Publ_Sections. We specify the maxOccurs value of Publ Section to ‘“un-
bounded” (default value is ‘1’) enabling the element Publ Section to occur from
one to many times within Publ Chapter. We consider the assumption that a given
section cannot be contained in any other chapter from the papers submitted. This
characteristic is shown in Figure 2a using the proposed UML notation while Figure
2b shows the model corresponding to the XML Schema fragment below.

. . Publ_Chapter
Com posite Object [BCch No |
Q’ h_Title
BECch_Keywords

1..n
Publ_Section
EES ection_Title
EES ection_Contents

EES ection_Figures
EES ection_Tables

1...n

Component A

a. UML Notation for a Homogeneous Composi-

Aaie . > . b. Homogeneous Composition example
tion featuring One to Many relationship

Fig. 2. Figures 2(a) and 2(b): Homogeneous composition (Case 1)

1.2.2.2. Case of Many-to- Many Relationships
Consider the XML schema segment below of the relationship between Publ Year
and Publ Month elements:

<xs:element name="Publ_Year" type="Publ_YearType" maxOccurs="unbounded"/>
<xs:complexType name="Publ_YearType">
<xs:sequence>
<xs:element name="Yr_Year"/>
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<xs:element name="Yr_SpecialEvents"/>
<xs:element name="Publ_Month" type="Publ_MonthType" nillable="false"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="Publ_MonthType">
<xs:sequence>
<xs:element name="Month_Name"/>
</xs:sequence>
</xs:complexType>

In this category a composite object (Publ_ Year) may have many components
(Publ_ Months) and each component may belong to many composite objects. The
maxOccurs value equaling to “unbounded” in both elements forms the many-to-many
relationship between Publ Year and Publ Month elements. The UML notation
illustrating this case is shown in Figure 3a while Figure 3b shows the model corre-
sponding to the XML Schema fragment below.

1.3 An Example Case Study

As a motivating example for this paper, we intent to gradually build a conceptual
model of an XDW based on a simplified (academic) conference publication system
(CPSys). To illustrate the purpose of this paper we highlight only a few, simplified
warehouse user requirements. These requirements include (a) chronological listing of
author details, sorted by conferences, (b) alphabetical listing of all proceedings ar-
ranged according to the conference date and year. Each listing should include pro-
ceedings title, ISBN, conference, editor listing and the table of contents, (c) alpha-
betical listing of all proceedings together with abstract lists with cross-reference to
author/(s) details, (d) chronological listing of conferences and workshops listed with
their associated publications, and (e) chronological listing of conferences and work-
shops listed with their associated abstract list, together with their authors.

‘ Composite Object ‘ Publ_Year

{ { ESYr_Year
EEY r_SpecialEvents

1.n

n

n

Component A Publ_M onth
—

] BB onth_Name

a. UML Notation for a Homogeneous Composition

featuring Many to Many relationship b. Homogeneous Composition example (n:m)

Fig. 3. Figures 3(a) and 3(b): Homogeneous composition (Case 2)

Due to page limitations, in this paper, we provide only a very brief discussion on
capturing and modeling user requirements, as it can be found in many published lit-
eratures in this area such as [21]. In the next section, we outline our proposed XDW
conceptual with embedded examples to highlight some important model concepts.
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Fig. 4. XDW Context Diagram

2 XML Document Warehouse Model

The XDW model outlined below, to our knowledge, is unique in its kind as it is util-
izes XML itself (together with XML Schema) to provide; (a) structural constructs, (b)
metadata, (c) validity and (d) expressiveness (via refined granularity and class de-
compositions). The proposed model is composed of three levels (1) User Require-
ment Level, (2) XML Warehouse Conceptual Level and (3) XML Schema Level. A
context diagram of this model is given in Figure 4, below. The first level, the user
requirement level composes of two elements; (a) warehouse user requirement docu-
ment and (b) OO requirement model which includes UML use-case diagrams and
descriptions. The second level of the XDW model is composed of the XML FACT
repository (XFACT, discussed in Section 2.4 below) and the dimensions that satisfy
warehouse user requirements captured. The (XML) Schema level of the model in-
volves transformation of the conceptual model into XML Schema.

2.2 User Requirement Level

The first level of the XDW model captures the warehouse end-user requirements. As
opposed to the classical data warehouse models, this requirement model does not
consider the transactional data as the focal point in the design of the warehouse. The
XDW model is designed based on the user requirements. The transactional
data/documents are considered only to refine existing user requirements, if such a
need arises. This level is further divided into two more sub-components, which are
discussed below.
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2.2.1 Warehouse User Requirements

The warehouse user requirements correspond to written, non-technical outline of the
XML warehouse. These are usually the typical or the predictable results expected of
an XDW. Also, these user requirements can be further refined and/or enhanced by the
participation of domain experts or the operators of the transactional system in ques-
tion. In addition, further refinement can be added to this model by using approaches
that generate user requirement documents such as analysing frequent user query pat-
terns [21] or other automated approaches.

2.2.2 0O Requirement Model

The OO requirement model transforms all non-technical user requirements into tech-
nical, software model specific concepts using UML (actors, use-case, and objects) to
represent. Again, the OO requirement model can be further refined through the in-
volvement of domain experts, system analysts, programmers or the operators of the
transactional system.

2.3 XML Warehouse Conceptual Level in UML

The process of deriving the XDW conceptual model involves taking the formalized
user requirements expressed in UML and then validating them against the XML
transactional system to check for data availability. In the case of no or lack of transac-
tional data highlights ambiguous the user requirements (which has to be re-defined
and/or modified) for future warehouse requirements. At a later stage during the trans-
actional system maintenance, these will then be considered as the future user re-
quirements.

The XDW conceptual model is composed of; (1) an XML FACT repository
(xFACT) and (2) a collection of logically grouped conceptual views. The xFACT is a
snapshot of the underlying transactional system/(s) for a given context. A context is
more than a measure [1] [7] or an item that is of interest for the organization as a
whole. In classical data warehouse models, a context is normally modeled as an ID
packed FACT and associated data perspectives as dimensions. Usually, due to con-
straints of the relational model, a FACT will be collapsed to a single table, with IDs
of its dimension/(s), thus emulating (with combination of one or more dimension/(s))
a data cube (or dimensional data). A complex set of queries is needed to extract in-
formation from the FACT-Dimension model. But, in regards to XML, a context is
more than a flattened FACT (or simply referred to as meaningless FACT) with em-
bedded semantics such as those explained Section 1.2 as well as with non-relational
constructs such as set, list, and bag. Therefore, we argue that, a meaningless FACT
does not provide semantic constructs that are needed to accommodate an XML con-
text.

The role of conceptual views is to provide perspectives to the document hierarchy
stored in XFACT repository. Since conceptual views can be grouped into logical
groups, each group is very similar to that of a subject area (or class categories) [2]
[20] in Object-Oriented conceptual modeling techniques. Each subject-area in the
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XDW model is referred to as Virtual Dimension (VDim) to keep in accordance with
dimensional models. VDim is called virtual; since it is modeled using XML concep-
tual views [10a] (which is an imaginary XML document) and behaves as a dimension
in the given perspective. The following sections discuss in detail the modeling of
VDims, xFACT repository and the issues associated with them.

2.4 XML FACT Repository (xFACT)

XML FACT repository (xFACT) is composed of an XML Schema, which is con-
structed from the XDW conceptual model and its XML document (formed from the
transactional XML document sources). It is a snapshot of the underlying transactional
system/(s) for a given context. A context is a meaningful collection of classes and
relationships, which is designed to provide perspectives (with the help of one or more
conceptual views) for business intelligence. Due to page limitation, we only presented
some fragments (see Section 1.2) of the xFACT (XML) Schema, which provides the
metadata and validity for the XFACT repository.

2.4.1 Meaningful FACT

In building the XFACT, we vary from modeling traditional data warehouse flat FACT
tables such that, we add meaning. That is to say, the XFACT is more semantically
descriptive due to its interconnected relationships and decomposed hierarchical struc-
tures (Figure 5). The relationships considered in XFACT are not restricted to associa-
tion (1:1, 1:m, n:m) relationships, but also homogenous composition (with shared
aggregation with cardinality 1:n and n:m) specialization/generalization and ordering
as discussed in Section 1.2. We utilize XML schema definition language to describe
the xFACT semantics (classes, relationships, ordering and constraints). Therefore,
modeling of the XFACT is constrained only by the availability of XML schema ele-
ments and constructs.

Figure 5 shows the complete model of the XFACT designed for our case study,
where the real-world object Publications is hierarchically de-composed into
Publ Papers and Publ_ Conference. Publ_Papers is further decomposed (with
ordering) into Publ Abstract, Publ Contents and Publ References. Such
decompositions are necessary to provide granularity to a real-world object and if
needed, additional semantics can be added at the design time at different levels of
hierarchy. For example, the Publ Conference class hierarchy is decomposed with
additional semantics such as Publ_Region, Publ_Country and Publ_ City. An-
ther example is the relationship between the parent class Publ Person and the de-
rived sub-classes Publ_Referee and Publ_Author, which form a generalization
relationship (ISA).

Since the flexibility of XML Schema in handling complex structures is greater
than any other model, it provides extra intuition to make the XFACT table as expres-
sive as possible. In addition, the process of iterative refinement of user requirements
conducted at the design stage helps in modeling such a FACT. Building the xFACT
provides the well-defined repository for designing/constructing of expressive VDims.
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Publ_Region
EEReg_Region_ID
B Reg_Region_Comments
E5Reg_Region_Desc

Publ_Conference
[E5Conf_ConferencelD
EEConf Name
&iConf_PCChair
[E5Conf_PCCommittee
[EEConf_Editors

1.n

Publ_Schedule

[EEsch_SchedulelD
HScthesc

Publications
EEPubl_INDEX
EEPubl_ISBN
[EEPubl_Publisher
EBPubl_Title
EEPubl_Editors
EEPubl_Office
E5Publ_ContactNOs
EEPubl_AddressLinel
EEPubl_AddressLine2
E&Publ_City
EEPubl_Postcode
E&Publ_Country

‘omments

submit 1.6

Publ_Country
EHiCo_CountryID
EECo_CountryName
EECo_VISA Req

BECo_Weather

Publ_City
EiCity_Name

EECity_MajorAttractions
EECity_SpecialEvents

Publ_Location
BlLoc_LocationD
BELoc_RoomNo

1

Publ_Year

BEivr_Year
B5Yr_SpecialEvents

n

Publ_Month
E8Month_Name

<<1>>
Publ_Abstract

Publ_Content

<<2>>

EAbst_PaperlD
EAbst_Contents

Publ_Keywords

T.n

1.n
Publ_Day

may have

[E8Key_PaperlD
BEKey_Keyword

EELoc_Capacity
BELoc_AV_Facility

Fig. 5. The complete XFACT of the example case study

2.5 Virtual Dimensions

Publ_Section
EESection_Title
[ Section_Contents
BlSection_Figures
HSectionfTables

Publ_Research_Area

[P ubl_ResearchArea
5P ubl_CoRelatedArea

Publ_RefereeComments
E5Ref_CommentiD
EERef_FinalComments

Pub_Author
EEAu_AuthorlD

<<3>>
Publ_References
EEReference_ID

EENoOfReferences

rested_in

Publ_Referee
EHiRef_RefereelD

Publ_Person

Efinst_ContactNOs
E¥Inst_AddressLinel
E8Inst_AddressLine2
Bfinst_City
E8Inst_Postcode
E8Inst_Country

A user requirement, which is captured in the OO Requirement Model is transformed
into one or more Conceptual Views [10a] in association with the XFACT. These are
typically aggregate views or perspectives of the underlying stored documents of the
transaction system/(s). In addition, if required, further constructs (such as computed
attributes or joint values) can be added to the conceptual view/(s) to satisfy the under-
lying user requirement. A valid user requirement is such that, it can be satisfied by
one or more XML conceptual views for a given context (i.e. XFACT). But a typical
situation may arise where, a user requirement exists for which there is no transac-
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tional document or data fragment exists to satisfy it. If this does occur, further en-
hancements are made to the user requirement to make it feasible to model with the
existing XFACT. Such situation indicates that there is no transactional document or
document fragment to satisfy the end user requisite. Therefore modeling of VDim is
an iterative process where user requirements are validated against the XFACT in con-
junction with the transactional system.

<<VDim>>
Abstarct_List

<<VDim>>
A-Z_Author_List

o

<<VDim>>
Authors_By_lInsit, <<\Dim>> Abstract_List_by_Year
itute ‘ Authors_By_Conference / \
- ¥
<$VDIm>> <<VDim>> <<VDim>>
A-Z_List_By_Years Abstract_List_by_Keyword Abstract_List_By_Conference

Fig. 6. A conceptual view hierarchy with Fig. 7. VDim “Abstract” Package Contents
<<construct>> stereotype

A VDim is modeled at the XDW conceptual level using a new UML stereotype
called <<vDim>>. This stereotype is similar to a UML class notation with a defined
set of attribute and methods. The method set can be either constructors (to construct a
VDim) or manipulators (to manipulate the VDim attribute set). Also note that we
model the relationship between an XFACT and a VDim with a dashed, directed line,
denoting the <<constructs>> stereotype (shown in Figure 6-7). Though VDims can
have additional semantic relationships such as generalization, aggregation, associa-
tion [10a] [10b], such relationships can be shown using standard UML notations. In
addition to this, two VDims can also have <<construct>> relationships depending
on dependencies (e.g. Figure 7, between VDim Abstract List by Year and
VDim Abstract_List by Keyword).

Definition 1: One Virtual Dimension composes of one (or more logically grouped)
conceptual view, thus satisfying one (or more logically related) user document ware-
house requirement/(s).

2.5.1 UML Packages as Dimensions

Earlier, we stated that semantically related conceptual views could be logically
grouped together as grouping classes into a subject area. Further, a new view-
hierarchy and/or constructs can be added to include additional semantics for a given
user requirement. In the XDW conceptual model, when a collection of similar or
related conceptual views are logically grouped together, we called it aggregated or
grouped Virtual Dimension (Figures 6-7), implying that it satisfies one or more logi-
cally related user requirement/(s). In addition, we can also construct additional con-



12 Vicky Nassis et al.

ceptual view hierarchies such as shown in Figures 6-7. These hierarchies may form
additional structural or dependency relationships with existing conceptual views or
view hierarchies (grouped VDims) as shown in Figures 8-9. Thus it is possible that a
cluster of dimensional hierarchy/(ies) can be used to model a certain set of user re-
quirement/(s). Therefore we argue that, this aggregate aspect can give us enough
abstraction and flexibility to design a user-centered XDW model.

<<VDim>> : - <<VDim>>
Authors SIS - Abstracts
Abstracts <<VDim>> <<VDim>>
Conference_List Authors
N i
- \*' ‘
<<VDim>>
Abstarct_List_By_Author
Proceedings (xFACT)
<<VDim>>
absEESByRAUoRbyRY el Fig. 9. “Authors”, “Abstracts” & “Conference_List”

package

Fig. 8. A VDim hierarchy (derived
from grouped VDims)

In order to model an XML conceptual view hierarchy or VDim and capture the
logical grouping in among them, we utilize the package construct in UML. Accord-
ing to OMG specification;

“A package is a grouping of model elements. Packages themselves may be nested
within other packages. A package may contain subordinate packages as well as other
kinds of model elements. All kinds of UML model elements can be organized into
packages.” [12].

This in practice describes our logical grouping of XML conceptual views and their
hierarchies. Thus we utilize packages to model our connected dimensions (Figure 8).
Following the similar arguments above, we can show that, the XFACT (shown in
Figure 5) can be grouped into one logical construct and can be shown in UML as one
package. In Figures 9 & 10, we show our case study XDW model with xFACT and
VDims connected via <<constructs>> stereotype.

In summary, we gradually introduced the XDW conceptual model in UML and
fragments from sections 2.3 — 2.5. First the complete XFACT model is shown in Fig-
ure 5 while the XFACT stereotype of ordering is shown in Figure 1. The xFACT
semantic relationships are shown in Figures 2, 3 & 4. Then we introduced virtual
dimensions (VDim, shown in figures 7,8 & 9) with the <<construct>> stereotype.
Later the complete XDW model (similar to that of the Star Schema for relational
model) is shown in figures 9, & 10 using the UML package construct. Please note
that, due to space limitations, the attributes set of the VDim and that of some xFACT
classes are not shown. Also, in the xFACT class hierarchy, the cardinality of the
composition and the association relationships should be treated as 1, unless specified.
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Fig. 10. XDW Conceptual Model (in UML)

3 Conclusion and Future Work

XML has become an increasingly important data format for storing structured and
semi-structured text intended for dissemination and ultimate publication in a variety
of media. It is a markup language that supports user-defined tags and encourages the
separation of document content from presentation. In this article, we present a coher-
ent way to integrate a conceptual design methodology to build a native XML docu-
ment warehouse. The proposed XML design methodology consists of user require-
ment level, warehouse conceptual level and XML Schema level, which capture
warehouse user requirements and the warehouse model respectively. The only model
we did not discuss here in detail is the OO user requirement model, as many litera-
tures exist for that purpose.

For future work, a lot of issues deserve investigation. The first subject matter is the
mapping of the conceptual model in XML Schema level. This includes converting
the XFACT and VDim into XML Schema using the transformations discussed in the
papers [6] and [23]. In the case of VDims, this is actually the transformation of be-
tween the conceptual views into XML View [10a] [10b] schemas. Other steps in our
future work include; (a) the techniques to map operational XML documents to
xFACT (the equivalent of the classical data warehouse Extract-Load-Transform proc-
ess), (b) access the data warehouse including XML queries for OLAP processing and
(c) aggregate functions.
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