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Abstract 

The Extraction, Transformation, and Loading (ETL) of disparate sources 
of operational data into the integrated staging area of a data warehouse is 
one of the most complex and time-consuming problems facing a data 
warehouse designer.  This task is further complicated when the warehouse 
is being designed to support scientific research and analysis.  In this paper, 
we describe a novel approach for organizing the staging area of a scientific 
data warehouse based on a Web services architecture.  The design takes 
advantage of established open standards for XML and Web services, and 
utilizes XML Schema in a dual role, to provide both the native data 
exchange format and the data model for the staging area database. An 
important feature of the design is a logical and physical shift of the data 
integration process away from warehouse developers and toward data 
providers.  For scientific applications, this shift is expected to yield 
significantly improved data quality, since individual domain experts will 
be best qualified to map their respective data models to the warehouse 
exchange specification. The proposed solution leverages considerable 
research and development investments in specialized data exchange 
formats within the scientific community and has enabled the creation of a 
large-scale bioinformatics data warehouse for archiving, integrating, and 
analyzing genomic data. 

 

1.  Introduction 
The design of a data warehouse for scientific data storage and analysis is an 

ambitious undertaking due to the extreme heterogeneity of the domains that supply the 
relevant data and the corresponding data sources and data structures themselves. In the 
bioinformatics application that motivated this work, data sources may, for example, 
include image and floating point data files from gene expression microarray experiments, 
clinical data, laboratory experiment annotations, gene ontologies, and literature 
citations all of which must be stored in the data warehouse and organized so as to make 
the information easily accessible to scientist researchers for correlation and analysis [35].  
In general, the designer of a data warehouse for supporting scientific research faces a 
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very complex integration task. In comparatively young fields such as genomics, the task 
is further complicated by the lack of standards for organizing the data, or even a 
consensus on what data to store. To succeed, the data warehouse design must be flexible 
and readily extensible, so that it can be modified to accommodate data from new domains 
and with new data structures as the nature of the data sources evolves over time.  

The Extraction, Transformation and Loading (ETL) of disparate sources of data into 
the integrated staging area of the data warehouse is a fundamental component of data 
warehouse design. The staging area serves as a primary entry point into the data 
warehouse, where data is cleansed of nonessential, incorrect, inconsistent and redundant 
entries, then stored in a common format to enable consistent interpretation of similar data 
from different providers. It is generally acknowledged that the design of efficient data 
staging solutions is extremely difficult, requiring a considerable investment of time and 
resources [1]; this challenge is compounded for scientific applications, due to the 
heterogeneous nature of the data sources and schemas and the lack of standardized 
representations.    

 In our research on the design of a large-scale bioinformatics data warehouse to 
support computational biology and biomedical research at the University of New Mexico 
[2,3], we elected to focus initially on ETL and the design of the staging area, since design 
choices in this key part of the data warehouse will significantly affect the structure of the 
other warehouse components (data repository, data marts) accessed by the scientist end 
users, as well as the quality and completeness of the stored data.  The central challenge 
was to identify an effective and extensible mechanism for integrating a highly complex 
and diverse set of data sources within the staging area.  The solution described in this 
paper is based on open standard Web services and XML (Extensible Markup Language) 
technologies. Although motivated by a particular scientific application, our approach is 
quite general and can be applied to any domain amenable to XML-based data exchange.  

The key insight that led to the development of our design was the recognition that the 
problem of designing an efficient staging area for a data warehouse is conceptually 
similar to the problem of developing a standardized data model for information exchange 
among members of a particular user community.  XML [4,5] was developed in 1996 to 
serve as a foundation for data exchange and to provide metadata markup, and has 
achieved rapid acceptance in both the scientific and commercial worlds. A number of 
important domain-specific scientific XML standards have emerged in the past several 
years, aimed at expediting data exchange and enabling collaborating groups to submit 
supplementary data into centralized repositories [36]. Examples include GeneXML [6] 
and MAGE-ML [7] (genomics), Chemical ML [8] (chemistry), and the Ecological 
Metadata Language [9] (ecology).  It also is becoming increasingly common for scientific 
funding agencies to encourage collaborating groups within a research program share data 
using XML [9,10]. The fact that many of our potential data providers and subscribers 
already were using XML as their method of data exchange suggested the novel �XML-
centric� solution for addressing the data warehouse ETL and integration problem.  In 
particular, we observed that collaborating scientists could easily submit complementary 
data into our centralized repository if we required that the data be presented in XML 
format. This approach is particularly appealing for our bioinformatics application, 
because each laboratory has researchers who specialize in different analysis techniques. 
This requires very flexible data models that are both standardized as well as cover all 



required content.  As our work progressed, we identified several additional advantages of 
the Web services/XML architecture, for example, the reuse of existing solutions for data 
exchange models and the facilitation of application development requiring partial or 
complete integration of data from various sources. 

To the best of our knowledge, the primary role played by XML in data warehouse 
applications to date has been in the implementation of data marts and OLAP (on-line 
analytical processing) cubes [11-13].  We have found only a few examples of its use in 
data ETL and integration [14,15]. The prototype data warehouse described here makes 
use of a full range of XML technologies to implement the scientific data ETL, integration 
into the staging area, and data cleansing.  These include XML, XML Schema [16], and 
Web Services technologies [17].  We have used Oracle 9iR2 XML DB for the data 
warehouse staging area and repository because of its advanced capabilities for storing 
XML �natively� in an object-relational database. Additional features of the large-scale 
bioinformatics data warehouse being implemented at the University of New Mexico 
using this staging area design will be described in a planned series of future papers. 

The remainder of the paper is organized as follows.  In Section 2, we provide a brief 
description of the various XML and Web Services technologies underlying the design of 
the data warehouse. Section 3 gives a detailed description of the data warehouse 
architecture. In Section 4, we present a detailed discussion of the advantages and 
potential pitfalls of our data warehouse architecture.  We conclude in Section 5 with a 
summary and plans for future work.  

 

2. XML and XML-based technologies 
There are numerous research and development efforts currently underway that are 

based on or closely related to markup languages.  The notion of organizing data in a 
�description-valued� manner supports the natural way that humans process data.  XML 
can be regarded as the most widely adopted open standard for packaging information 
together with a description of its meaning. The inherent flexibility, simplicity and 
extensibility of markup construction allows it to be used in many ways, ranging from the 
generation of web pages and simple text files, to complex data management systems, 
distributed applications, network protocols, etc.  In this section, we describe the current 
status and directions of XML and XML-based technologies.  Readers already familiar 
with these technologies can skip this section and proceed directly to the data warehouse 
architecture description in Section 3. 

The Extensible Markup Language was introduced in 1996 in a publication by the 
World Wide Web Consortium (W3C) [4,5]. It immediately attracted significant attention 
due to its simplicity and flexibility.  XML enables the presentation of information in a 
textual format using a markup-based approach, where each piece of data is surrounded by 
short labels indicating its meaning. The language definition also supports the definition of 
constraints on the logical structure of an XML document using a Document Type 
Declaration (DTD) grammar.  This effectively makes each XML document a self-
documenting piece of information. Both XML and the DTD are open standards.  This 
makes it possible for anyone to create a DTD which defines a particular type of XML 
document with some specialized logical structure. In addition, the standardization of 



XML and DTD makes it possible to create corresponding software tools that can process 
XML data in a standard way.  

One of the pitfalls of the DTD specification is that it defines only a limited set of 
constraints on the content of an XML document. For instance, it has no facility for 
defining a complex data type for an element.  Therefore, one can define a logical 
structure for a document, but the content of the document cannot be restricted. XML 
Schema was introduced in 1999 to address the limitations of DTDs [16].  In addition to 
defining the structure of an XML document, it also declares allowable content and 
semantics of data inside the documents. An XML document that meets all of the 
constraints imposed by its XML Schema is described as conforming to its XML Schema 
or as a valid XML document. Any XML document can be transformed into another XML 
document using the XSLT language [18]; also, by using XSL [19], the same XML 
document can be transformed from structured text such as XML into other textual 
representations. 

With XML Schema, one can construct a data exchange schema and also build 
systems of data storage and management for XML content, which we will refer to in this 
paper as XML DB (XML database). Currently all major manufacturers of database 
management systems (DBMS) have implemented solutions for XML DB [20-23].  These 
products perform the following functions: store XML documents, validate XML 
documents against their XML Schema, transform documents using XSLT, and provide an 
interface for extracting documents.   

A major shift in how developers of distributed applications think about data 
exchange is occurring with the emergence of Web Services technology [17].  A Web 
service is defined using the Web Services Description Language (WSDL). WSDL 
contains the description of remote procedure calls (RPC) in a stateless, one-way message 
exchange protocol. SOAP (Simple Object Access Protocol) [24] is the open standard 
definition for RPC used by applications to define a mechanism for the exchange of 
structured and typed information.  For the developer of a client application of a particular 
web service, it suffices to know the Internet address of the target web service along with 
its definition in WSDL.  In the current state of the technology, generation of the stub 
parts of both Web service provider and client applications is greatly automated [25,26]. It 
requires minimal technical knowledge of SOAP or WSDL, and makes the overall 
development of the source very simple and straightforward.  

These XML-based technologies and techniques have significantly shifted the 
paradigm for data exchange and storage in the IT world.  They are part of an effort to 
improve interoperability of distributed information systems [27].  The issues involved in 
designing the staging area of a data warehouse are similar to those encountered in 
designing any distributed system: integration of data from different sources, extraction 
and loading mechanism, and extensibility of the construction.  Because of this, and 
because of the characteristics of Web services and XML technologies, we view them as 
viable solutions for performing ETL and integration.  This is particularly true for a 
warehouse designed to support scientific applications, since, as noted above, the 
acceptance of XML in the scientific community has been particularly rapid and 
pervasive. The extraction and transformation of data from relational database 
management systems (RDBMS) and subsequent transformation into XML documents is a 
well-studied issue [20,21]. SQL/XML has recently emerged as part of the ANSI/ISO 



SQL standard [28]; this is an extension to standard SQL that extracts data from an 
RDBMS and transforms it into an XML document.  All major relational database vendors 
have committed to supporting this new component of SQL.  Transferring the resulting 
XML documents using a Web services architecture is then relatively straightforward.  
Recent innovations in mapping XML to object-relational data models in a database [20] 
make it possible to implement XML as part of a data warehouse, without major changes 
to the overall architecture.  In light of these considerations, we decided to investigate how 
a Web services architecture and XML Schema could be utilized together in the design of 
a scientific data warehouse, and our initial results are presented in the current paper.   

 

3. Web Services and XML Schema in the Staging Area of a Scientific 
Data Warehouse 

The overall architecture of a scientific data warehouse based on a Web services 
architecture and utilizing XML Schema in the staging area is presented in Fig. 1. 

 
There are two major differences between Fig. 1 and a classical data warehouse 

architecture:  we use a Web services architecture to completely organize ETL activities; 
and we use a prototype XML schema in a dual role.  The schema defines the exchange 
data format of all XML documents that are pulled from online transaction processing 
(OLTP) systems into the staging database.  In addition, the same XML schema defines 
the data model of the staging XML DB. The loader (indicated in Fig. 1) is a web service 
application that takes the WSDL and issues SOAP messages to the web services. The 
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Fig. 1. Overall architecture of a scientific data warehouse utilizing XML Schema 

and a Web services architecture in the staging area. 



extraction and transformation of the data from the operational DBMS into XML 
documents is implemented by web services.  A Web service can be reduced to the 
following functional blocks: extraction/partial transformation, full transformation, 
validation, and RPC interface.  SQL/XML performs the extraction from the operational 
DBMS and the partial transformation of the data into an intermediate XML document 
that roughly models the schema from which it was extracted.  The intermediate XML 
document is then transformed, using XSLT, into an XML document that conforms to the 
exchange schema. To verify conformance to the exchange schema, the XML document is 
then checked using an XML Schema validation engine.   

The loader is an application that stands next to the staging XML DB.  The 
responsibility of the loader is to request from Web services the extraction and sending of 
�new� data and�when the XML instances with the �new� data have been received�to 
store it in the staging database and trigger the necessary activities for integrating the 
newly arrived data with the data already present in the data warehouse repository.  To 
accomplish this, the loader sends a SOAP message to a Web service requesting updates. 
After data has been extracted and the corresponding XML document prepared, it is sent 
back to the loader in another SOAP message. The loader takes the XML document and 
moves it into the staging area using the XML database�s programmatic interface.  The 
XML document is now physically stored in the object-relational database, whose data 
model is defined by the exchange schema.  SQL with object references is then used to 
move the data from its object-relational structure into the data marts (see  Fig. 1), where it 
can be accessed by users. This last step is the �bridge� between the Web services 
architecture and moving the data into more conventional data warehousing structures 
such as the data marts. 

 In our initial implementation of the architecture, we have chosen to use technologies 
and solutions provided by Oracle 9iR2 [20].  However, we stress that although our 
particular solution has been built using an Oracle platform, the concept and architecture 
of ETL in the data warehouse using XML Schema and a Web Services architecture is 
entirely non-proprietary in nature. Similar solutions could be built using other open-
source [29] or commercial [21] platforms. We elected to use Oracle technologies for 
defining the staging XML database primarily because in addition to providing �native� 
storage for XML content, it also can be queried as a standard SQL database with object-
relational (OR) extensions.   Alternatively, we could achieve the same functionality using 
a native XML DB supported by open-standards query languages such as XQuery [30] 
and XPath [31]. 

 

4. Discussion 
In this section, we discuss several significant consequences of our staging area    

architecture, namely integration shift, facilitation of ETL, and the ability to create an 
entirely XML-based warehouse.  We feel that the integration shift is the most important 
characteristic of this work, because it will lead to enhanced data integrity and better 
integration of loosely coupled data sets. 

The design of a scientific data warehouse differs significantly from a conventional 
data warehouse with respect to the level of participation expected from the data 
providers.  The data providers of a scientific date warehouse are likely to also be among 



the primary users of the data marts.  It therefore is in their best interests to participate in 
an efficient data warehouse solution, even if there is some additional burden placed on 
them at the stage when the data is initially uploaded into the warehouse.  

In a conventional data warehouse, data arrives at the staging area in independent 
formats; it is then  interpreted, transformed, and loaded into the warehouse. Thus, the 
integration of the data from the operational sources to the staging area is not completed 
until the transformed data is actually loaded into the staging area.   

In our approach, an XML schema specifies the data exchange model to the data 
providers.  This enables us to develop a Web services architecture where the integration 
of the data is completed immediately after the data has been extracted from a data 
source�s schema and transformed into an XML document that conforms to the exchange 
schema.  The XML document is then moved to the staging area using the Web services 
architecture.  In other words, as a result of the Web services architecture, the integration 
of the data is logically and physically shifted toward the providers of the data and their 
source-specific implementations of extraction and transformation.   

An integration shift is desirable in our domain because of the complexity and 
heterogeneity of the bioinformatics data being stored in the data warehouse.  Shifting the 
integration to the provider will improve data quality because the providers are responsible 
for mapping their data models to the exchange specification, and also for validating their 
XML documents before providing them to the web services client application.  Data 
providers have an intimate knowledge of which attributes of their data model map to 
which elements of the exchange specification. In order to facilitate the mapping of the 
data for the providers, and to make an exchange schema usable and clear for data 
providers, a well-documented specification must be built, describing the content and 
constraints of the required elements. An exchange schema is not meant to model the 
complete internal schema of every operational data source, but rather it provides a 
schema for mapping the essential data required by the warehouse. This �contract-among-
parties� approach to sharing data provides an easier mapping to the exchange schema and 
better integration and cleansing of the data.  

An advantage of the architecture is that it is extensible and can integrate new data 
that does not map directly to the existing exchange schema�s data model.  Known 
relationships between the current exchange schema and the new data are used to update 
the schema.  XML Schema is a flexible language designed to accommodate these types 
of extensions.  A Web service likewise has two features that make it interoperable and 
extensible.  The first is that the data is exchanged in a standard format between the data 
sources� web services and the client application. The second is that this exchange occurs 
via a standard (RPC) protocol.  Therefore, the Web services client can avail itself of data 
from every data source using a single procedure to import data from multiple sources. 
The developer writes to the procedure and not to the data. 

Another important characteristic of this architecture is the role that XML schema 
performs in addition to its role as an exchange schema.  It has been shown that XML 
Schema structures map directly to object-relational database structures [37]. Oracle 9iR2 
supports the automatic registration of XML Schema documents in the database, which 
automatically creates an object-relational database representation of the XML Schema.  
The dual role of the XML Schema as an exchange and object-relational staging schema 



allows the complicated data modeling attributes of the XML Schema language to be 
realized in the data storage model. 

The discussion in this paper has focused on XML and Web services technologies as 
a solution for ETL and the integration of data into a data warehouse.  Looking beyond the 
staging area to the overall warehouse architecture, it is worth noting that an entirely 
�XML-centric� data warehouse architecture could be achieved by extending the use of 
these technologies to data marts as well. Research into using XML in various capacities 
for data marts and Web warehousing is presently underway by others [11,13,32,33]. All 
of these approaches implement their data storage in the form of XML documents, and 
any of them could be implemented using the XML/Web services-based architecture 
described here.  

The issue of reusability has been an important motivating concern of this work. As 
we have already noted, designing the staging area and ETL component of a new data 
warehouse�even if one takes advantage of the approach described here�requires 
significant effort.  The use of a Web services architecture and standardized XML data 
exchange schema makes it possible to leverage this architecture in deploying applications 
other than data warehouses.  In the bioinformatics domain, for example, we are 
investigating the integration of engines for reporting and visualizing experimental data, as 
well as a large-scale cheminformatics [34] database interfaced to genomics data, for the 
acceleration of lead identification in pharmaceutical design. 

 

5. Summary and Future Work 
In this paper, we have presented a novel design for the staging area of a scientific 

data warehouse, to support research in computational biology and genomics. This 
problem has presented significant challenges for the bioinformatics community to date, 
due to the lack of uniform standards for organizing the data and the inherent complexity 
and heterogeneity of the data. We have proposed leveraging ongoing efforts in the 
standardization of scientific data exchange formats in developing our staging area design, 
using a Web services architecture to organize ETL activities and XML Schema as an 
integration schema.  This combination has allowed us to create an extensible and 
integrated solution for this part of the data warehouse.  An important advantage of our 
approach is the shift of the data integration from the staging area, in a direction closer to 
the data providers. We regard this as a very important issue for our domain, because the 
data providers are expected to have the greatest familiarity with their data and can best 
appreciate how to integrate it into the standardized exchange specification.  We have 
further noted that although we have described a solution for our particular domain of 
bioinformatics, and based the implementation on specific choices of software platforms, 
the approach itself is entirely general and can be applied to any domain facing similar 
design issues. Moreover, although our approach, as described, is primarily intended for a 
data warehousing application, it can potentially find application in other contexts 
requiring partial or complete data integration from diverse data sources. 

In future work, we are planning to continue our investigation of the use of XML 
technologies in data warehousing to address other architectural components of the 
warehouse.  We also are beginning to explore the integration of a cheminformatic 



database at UNM with the genomic component of our data warehouse, to facilitate  rapid, 
large-scale data-mining for cancer drug discovery applications.  
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