
 

 

Preface 

Part I presents two chapters that cover semantic enterprises. Chapter 1 was 
written by the editors and presents their views on the future of the Semantic 
Web for enterprises. We begin by explaining the original idea of the 
Semantic Web and its main objectives. We also make clear what the 
importance of ontologies is. The reader will understand why the world 
requires new approaches for information systems development. While 
Semantic Web technologies can be used in various domains, we have 
decided to focus on their usefulness for enterprises. In this context, we 
explain and express the emergent need for a new kind of systems, ontology 
management systems. Finally, we enumerate the contributions of this 
manuscript. Chapter 2 provides an overview of some of the business and 
technology challenges that companies are facing today, and describes how a 
number of these difficulties could be overcome with the use of Semantic 
Web technology. In order for Semantic Web technologies to be adopted 
within an enterprise setting, there must be mature tools that support the 
scalability, availability, and reliability requirements of such companies. To 
assess this, the chapter summarizes the state of the art in software tools and 
technologies, including both open-source and commercial products.  

Part II is also composed of two chapters and describes the use of 
Semantic Web technologies in the financial domain and for municipal 
services. Chapter 3 recognizes that data, information and knowledge 
management are key activities for finance. The volume, complexity and 
value of economic and financial information make finance a strategic area 
for research and innovation on information modeling, exchange and 
integration and, consequently, there is an increasing interest in evaluating 
what semantic technologies can contribute to this domain. Chapter 4 
describes an intelligent search engine for online access to municipal 
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services. Currently, most public administrations provide citizens with online 
access to their services. In fact, as of 2006, Spanish citizens have the 
possibility to perform 80 % of the city government services from their 
homes. However, there is still a big gap between the language used by public 
administrations and the way citizens refer to these services, which makes it 
difficult to match citizen requests. The use of semantic technology in this 
scenario allows bridging this gap. 

Part III illustrates two domains that have adopted with a significant 
success Semantic Web technologies: Healthcare and Life Sciences. Chapter 
5 presents an application of ontology-based data integration for biomedical 
research. In this chapter, the authors explore the area of translational 
medicine that aims to improve communication between the basic and 
clinical sciences so that more diagnostic and therapeutic insights may be 
derived. Translation research goes from bench to bedside, where the 
effectiveness of results from preclinical research are explored with patients, 
and from bedside to bench, where information obtained from patients can be 
used to refine our understanding of the biological principles underpinning 
the heterogeneity of human disease and polymorphism(s). Chapter 6 
focuses on active semantic electronic medical records. The healthcare 
industry is rapidly advancing towards the widespread use of electronic 
medical records systems to manage the increasingly large amount of patient 
data and reduce medical errors. In addition to patient data there is a large 
amount of data describing procedures, treatments, diagnoses, drugs, 
insurance plans, coverage, formularies and the relationships between these 
data sets. Active Semantic Electronic Medical Record (ASEMR) application 
discussed here uses Semantic Web technologies to reduce medical errors, 
improve physician efficiency with accurate completion of patient charts, 
improve patient safety and satisfaction in medical practice, and improve 
billing due to more accurate coding. This results in practice efficiency and 
growth by enabling physicians to see more patients with improved care.  

Part IV illustrates the use of Semantic Web technologies in education. 
Chapter 7 presents a Semantic Web-based approach for targeting learning 
resources in competency-based organizations. This chapter addresses a 
concrete case study in which competencies inside an aeronautical 
organization have been modelled through ontologies, and Semantic Web 
technologies have used to devise the technical solution for delivering the 
competency gap analysis facilities and the subsequent match of the 
appropriate learning resources. This case study may serve as a reference for 
other organizations that aim at using the competency paradigm for the 
planning of organizational learning. Chapter 8 explains how to develop a 
Course Management System (CMS) using Semantic Web technologies. 
While semantic Web technologies have reached a certain level of maturity, 
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the industry is still skeptical about its potential and applicability. Many 
vendors seem to be adopting a “wait-and-see” approach while emerging 
standards and solutions become more fully developed. The industry and its 
main players are waiting to see how real-world applications can benefit from 
the use of semantic Web technologies. The success of the Semantic Web 
vision is dependant on the development of practical and useful semantic 
Web-based applications. To demonstrate the applicability and the benefits of 
using semantic Web technologies, the authors have developed a real-world 
application, a semantic CMS (S-CMS), entirely based on the semantic Web 
that uses the latest technologies of this field such as OWL, RQL, RDQL, 
SPARQL, and SWRL. 

Part V targets business and customer management. Chapter 9 presents a 
case study on the integration of customer information using Semantic Web 
technologies. For the integration of data that resides in autonomous data 
sources Software AG uses ontologies. While data sources themselves 
normally represent more or less static data structures, the semantics of these 
data structures and their usage resides in application programs. However, it 
is essential to understand and model the semantics of these data sources 
when trying to integrate the data coming from disparate data sources. To 
bridge the gap between the pure structure information in single sources and 
the needed semantically enriched description of an integrated view we use 
semantic technology in terms of ontologies. Chapter 10 explains how to 
support business process management with Semantic Web technologies. The 
authors show how existing Semantic Web service composition approaches 
can be applied to automate the design of Collaborative Business Processes 
(CBP). Furthermore, the authors show how message mappings between 
different message formats can be (semi-)automatically created based on a 
domain ontology. Although modeling efforts have to be invested, it is argued 
that semantic technologies are very helpful to counter current drawbacks. On 
the one hand, they allow saving efforts for the design of collaborative 
business processes and, on the other hand, the semi-automatic creation of 
mappings significantly reduces the required development efforts.  

Part VI covers enterprise management and security. Chapter 11 
describes an ontology-based knowledge management system developed for 
the steel industry. Big companies have to face both internal and external 
challenges in order to deal with complex logistics, business processes and 
human resources management. The Semantic Web technology appears as a 
suitable candidate to address these problems and to provide innovative 
solutions in an open environment of decentralized resources. In this context, 
this chapter presents the experiences of Arcelor Mittal, the leader steel 
making company. In particular, the advantages of ontologies as knowledge 
representation artifacts are identified, driven by a handful of use cases within 
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the company, such as knowledge capitalization tools, an unified data 
description layer and supply chain management. Chapter 12 explains how 
to bring semantic security to Semantic Web services. Semantic Web services 
begin to emerge as the next evolution of the Service Oriented Architecture. 
It has become clear that authorization is going to be one of the biggest 
challenges. A step toward resolving this problem is Semantic Authorization 
which provides an efficient means for a client to discover whether it may 
have permissions to access resources available through Semantic Web 
services.  

 
 



 

 

Chapter 2 

THE ENTERPRISE SEMANTIC WEB 
Technologies and Applications for the Real World 

Susie Stephens14 
Oracle, 10 Van de Graaff Drive, Burlington, MA 01803, USA – susie.stephens@gmail.com 

1. INTRODUCTION 

In recent years, much progress has been made in developing ideas and tools 
to enable the growth of the Semantic Web. The core standard 
recommendations have reached a level of maturity that allows them to be 
widely adopted. A range of open-source and commercial software tools is 
now available. Commercial organizations are also increasingly using 
Semantic Web technology. However, the Semantic Web still has some 
distance to go before it reaches a point of widespread adoption.  

There are many benefits that would be attained with the extensive 
adoption of the Semantic Web vision. For example, it would become easier 
for individuals to find information of interest on the Web and perform 
computation on that data. Yet, it is expected that many of the initial 
implementations of Semantic Web technologies will occur within 
commercial enterprises, and that these will pave the way for the creation of 
more general applications that operate on the Semantic Web. Consequently, 
it is very important that state of the art Semantic Web tools are able to meet 
the scalability, availability, and reliability requirements of commercial 
organizations. 

This chapter reviews some of the business and technology challenges that 
companies are facing today, and describes how a number of these difficulties 
could be overcome with the use of Semantic Web tools and technologies. An 
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overview is then given on the state of the art of these tools and technologies. 
Use cases are provided that describe real world implementations and areas in 
which there would be significant benefit in the deployment of Semantic Web 
technology based solutions. Further, the chapter highlights why it is 
expected that mainstream adoption of the Semantic Web will initially occur 
within an enterprise setting.  

2. BUSINESS AND TECHNOLOGY DRIVERS OF 
THE SEMANTIC WEB 

Commercial organizations are always under pressure to perform financially. 
They need to ensure that they meet shareholder expectations while operating 
under increasingly stringent regulatory controls. Modern companies need to 
ensure that they can respond rapidly to changing business conditions, as the 
world continues to move at an ever-quickening pace. Companies are 
beginning to recognize that information technology can provide a strategic 
advantage in responding to key business drivers.  

Companies today have a growing interest in being able to integrate all 
data related to the core components that drive their success. Consolidating 
information about key concepts − such as employees, customers, 
competitors, operations, and products − enables them to make decisions 
based on a comprehensive understanding of their business environment. 
Achieving this vision, however, is no easy task.  

Organizations need to integrate not only structured data, but also the 
increasing volume of unstructured data that they collect and generate. Such 
unstructured data can take the form of text documents, emails, and 
presentations. As this unstructured data includes valuable, and sometimes 
hard-won knowledge, it is especially critical that these resources can be 
accessed and effectively used across the organization. 

Many industries are moving toward more collaborative business models. 
For example, in the life sciences industry, it is common for companies to 
outsource various components of their pipeline from drug discovery to 
clinical evaluation. It is necessary for companies to have flexible data 
architectures so they can integrate data from collaborators with internally 
generated data. This becomes a real challenge when companies have many 
partners and have to manage many interrelated projects.  

Increasingly, companies conduct business in many countries around the 
globe. Ensuring that their operations meet the legal requirements of each 
country is a complex and dynamic challenge. In addition to archiving 
information related to those operations, companies may have to record the 
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context in which information was collected or generated to demonstrate that 
they have met all compliance requirements.  

Integrating data across departments also comes with many challenges. It 
is common for different departments within companies to use their own 
specialized vocabularies and to use data about the same business elements, 
but described at different levels of granularity.  

While it is theoretically possible for companies to build comprehensive 
relational models of their data, this approach is somewhat inflexible. For 
example, it does not enable data to be easily shared with partners during 
collaborations. The complexity of such a data representation and the 
difficulties involved in reliably managing any changes to the model would 
not leave companies well positioned to rapidly adapt to business change. As 
business conditions continue to evolve quickly, it is imperative that 
organizations build enough flexibility into their architecture to ensure that it 
enables, rather than hinders, their ability to respond rapidly to change. 

Increasingly, companies are recognizing that their data is their most 
important asset and that they must be able to control its use. Consequently, 
they do not want it locked into software that uses proprietary schemas or 
Application Programming Interfaces (APIs). They want to be able to access 
the data and use it in ways they did not plan for when their information 
systems were initially designed. They also need to be able to integrate their 
own data with data that was created completely independently.  

Semantic Web technologies and design principles provide a framework 
that should make it possible for enterprises to continue to achieve their 
business goals in the face of change and an increasing dependence on 
effective use of business data. 

3. THE ENTERPRISE SEMANTIC WEB 

Resource Description Framework (RDF) is one of the core Semantic Web 
recommendations from the W3C (Manola, Miller, et al. 2004). RDF 
represents data using subject-predicate-object triples (also known as 
‘statements’). This triple representation connects data in a flexible piece-by-
piece and link-by-link fashion that forms a directed labeled graph. This is a 
very simple, flexible, robust, and expressive model for representing data. As 
RDF does not have a rigid data structure, it provides a strong framework for 
seamlessly incorporating new, even unexpected, data with heterogeneous 
structure. Further, a graph structure simplifies the modeling of data, as it 
tends to more closely mirror the real world than other data representations 
that are commonly used. 
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The components of each RDF statement are identified using Uniform 
Resource Identifiers (URIs). It is the use of URIs that gives the Semantic 
Web a fundamental benefit over other technologies. As URIs can be made 
globally unique, each occurrence of the same identifier means the same 
thing. The use of URIs enables people and software to know precisely what 
it is that is being referred to. When a fact is exerted against a URI, there is 
no possibility of any ambiguity. As there is no ambiguity, it becomes 
possible to aggregate all data that refers to a given resource. Further, it 
becomes simpler to integrate data sources that were created independently, 
as it is not necessary for the data to contain the same values. This makes it 
simpler for organizations to selectively reuse data.  

The approach taken to identify entities using the Semantic Web is very 
different from the way relational databases identify entities. In a database, all 
of the identifiers are local. For example, there may be information within a 
database that refers to the concept of a “purchase order.” However, without 
understanding the schema of the database or seeing the database application, 
it would not be possible to know if these were purchases that the user of the 
database wishes to make or whether these are orders from customers. It, 
therefore, would not be possible to automate the integration of such data 
with purchase order data from other sources. With the current pace of 
acquisitions, it would be helpful for commercial enterprises to be able to 
take advantage of well-defined global identifiers to streamline integration of 
such business data. 

The above description of the benefits of using URIs for integrating 
information assumes that URIs are being shared and reused. However, this 
need not be the case, as anyone can generate a URI to describe a concept. If 
multiple URIs are discovered to represent the same concept, it is possible to 
use constructs within Web Ontology Language (OWL), such as sameAs or 
inverseFunctional, to enable such URIs to be used interchangeably. As RDF 
provides a common framework that is grounded in the Web it allows 
mappings between data sources to be shared, thus enabling the network 
effect for data integration.  

It is simpler if the same URI is always used to describe the same concept. 
Within a single company it should be relatively easy to maximize 
coordination in the assignment of URIs, and this is one of the reasons why 
the Semantic Web approach is expected to flourish within the enterprise at a 
relatively early stage.  

OWL is another core standard recommendation from W3C for the 
Semantic Web (McGuinness and van Harmelen 2004). OWL is a more 
expressive language than RDF. It provides more ways to define terms as 
classes and instances, and allows users to define relationships between them, 
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which is useful for modeling real-world objects. The data expressed in OWL 
can be queried, checked for consistency, and have new relationships inferred 
based on the complex definitions it allows. A further important standard is 
SPARQL, which is the query language for RDF and OWL. SPARQL 
contains capabilities for querying by triple patterns, disjunctions, 
conjunctives, and optional patterns. As a data access language, it is suitable 
for local and remote use (Prud’hommeaux and Seaborne 2005). 

4. SOFTWARE FOR THE SEMANTIC WEB 

For companies to fully benefit from the Semantic Web approach, new 
software tools need to be introduced at various layers of an application stack. 
Databases, middleware, and applications must be enhanced in order be able 
to work with RDF, OWL and SPARQL. As application stacks become 
Semantic Web enabled, they form a flexible information bus to which new 
components can be added.  

As the Semantic Web continues to mature, there is an increasing range of 
data repositories available that are able to store RDF and OWL. The earliest 
implementations of RDF repositories, or triple stores as they are also known, 
were primarily open source. The technology providers adopted varying 
architectural approaches. For example, 3store 
(http://threestore.sourceforge.net/) employs an in-memory representation, 
while Sesame (http://sourceforge.net/projects/sesame/) and Kowari 
(http://kowari.org) use a disk-based solution. More recently a number of 
commercial triple stores have become available. These include RDF 
Gateway from Intellidimension (http://www.intellidimension.com/), 
Virtuoso from OpenLink (http://virtuoso.openlinksw.com), Profium 
Metadata Server from Profium 
(http://www.profium.com/index.php?id=485), and the Oracle Database from 
Oracle (http://www.oracle.com/technology/tech/semantic_technologies). An 
interesting trend is that solutions from both Oracle and OpenLink enable 
RDF/OWL to be stored in a triple store alongside relational and XML data. 
This type of hybrid solution enables a single query to span multiple different 
data representations. 

Although the ability to store data in RDF and OWL is very important, it 
is expected that much data will remain in relational and XML data formats. 
Consequently, tools have been developed that allow data in these formats to 
be made available as RDF. The most commonly used approach for mapping 
between relational representations and RDF is D2RQ (http://sites.wiwiss.fu-
berlin.de/suhl/bizer/D2RQ/), which treats non-RDF relational databases as 
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virtual RDF graphs. Other toolkits for mapping relational data to RDF 
include SquirrelRDF (http://jena.sourceforge.net/SquirrelRDF/) and 
DartGrid (http://ccnt.zju.edu.cn/projects/dartgrid/dgv3.html). Alternative 
approaches for including relational data within the Semantic Web include 
FeDeRate (http://www.w3.org/2003/01/21-RDF-RDB-access/) that provides 
mappings between RDF queries and SQL queries, and SPASQL 
(http://www.w3.org/2005/05/22-SPARQL-MySQL/XTech.html) which 
eliminates the query-rewriting phase by modifying mySQL to allow parsing 
SPARQL directly within the relational database server. 

It is also important to be able to map XML documents and XHTML 
pages into RDF. W3C will soon have a candidate recommendation, Gleaning 
Resource Descriptions from Dialects of Languages (GRDDL) 
(http://www.w3.org/2004/01/rdxh/spec), that enables XML documents to 
designate how they can be translated into RDF, typically by indicating the 
location of an XML Stylesheet Translations (XSLT). Work is also underway 
to develop mapping tools from other data representations to RDF 
(http://esw.w3.org/topic/ConverterToRdf). The ability to map data into RDF 
from relational, XML, and other data formats, combined with the data 
integration capabilities of RDF, makes it exceptionally well positioned as a 
common language for data representation and query.  

If a company has been able to consistently assign URIs across all of their 
data sources, then integrating data is straightforward with RDF. However, if 
different departments initially assigned different URIs to the same entity, 
then OWL constructs can be used to relate equivalent URIs. Several vendors 
provide middleware designed for such ontology-based data integration. 
These include OntoBroker (http://www.ontoprise.de/content/e1171/e1231/), 
TopBraid Suite (http://www.topquadrant.com/tq_topbraid_suite.htm), 
Protégé (http://protege.stanford.edu/), and Cogito Data Integration Broker 
(http://www.cogitoinc.com/databroker.html).  

A number of organizations have developed toolkits for building Semantic 
Web applications. The most commonly used is the Jena framework for Java-
based Semantic Web applications (http://jena.sourceforge.net/). It provides a 
programmatic environment for reading, writing, and querying RDF and 
OWL. A rule-based inference engine is provided, as well as standard 
mechanisms for using other reasoning engines such as Pellet 
(http://pellet.owldl.com/) or FaCT++ (http://owl.man.ac.uk/factplusplus/). 
Sesame is another frequently used Java-based Semantic Web application 
toolkit that provides support for both query and inference 
(http://www.openrdf.org/about.jsp). A further commonly used application is 
the Haystack Semantic Web Browser that is based on the Eclipse platform 
(http://haystack.csail.mit.edu/staging/eclipse-download.html). There are also 
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many programming environments that are available for developing Semantic 
Web applications in a range of languages 
(http://esw.w3.org/topic/SemanticWebTools). 

5. USE CASES 

This section of the chapter describes some use cases of Semantic Web 
technologies within an enterprise setting. The first three examples are 
hypothetical, but describe how the Semantic Web could play an important 
role within a services industry, manufacturing, and government. The next 
use case describes the deployment of Semantic Web technologies within a 
life sciences company. The final use case highlights the use of the Semantic 
Web for content search within a technology company. The use cases section 
is completed with a brief description of some other application areas where it 
is expected that there will be significant benefit in the adoption of Semantic 
Web technologies. 

5.1 Enhancing effectiveness of recruitment services  

One of the main strengths of the Semantic Web is its ability to integrate 
disparate data. This use case describes how the technology can be of benefit 
to recruitment services. 

Typically, when a company is looking to hire a person with a particular 
skill set, they will start a search by engaging the recruiting agencies with 
which the company works. Each recruiting agency will then perform a 
search of their proprietary database to identify the best possible candidates 
for the position. Once the candidates have been identified, the company that 
is hiring has to compile and manage a list of all appropriate candidates from 
all of the recruiting agencies. 

It would be more efficient if the company that was hiring was able to 
perform a single query across all of the recruiter databases, thereby 
retrieving information about all candidates in a consistent format. This 
would save time in describing the job opening to each agency and minimize 
potential miscommunications between the company and the recruiting 
agency. It would also allow the hiring company to directly identify the 
candidates they believe would be the best match for the role, rather than 
having to engage in a back-and-forth dialogue about candidates with the 
recruiting agency. Further, it would become possible to identify internal and 
external candidates using the same query. 
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This use case describes how it would be possible to uniformly access all 
of the recruiter’s databases using Semantic Web technologies. Importantly, 
for the hiring company, this approach would enable querying across 
different recruiter databases depending on which agencies are currently 
under contract. 

In order to enable querying across multiple recruiter databases, the hiring 
company would encourage all of its recruitment agencies to make a subset of 
their data available in RDF, using a common vocabulary and exposing this 
data by publishing a SPARQL endpoint. It likely that the hiring company 
would specifically request that it wants to be able to identify job titles, 
employers, location, qualifications, and willingness to relocate. Figure 2-1 
shows a subset of such a schema. 
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Figure 2-1. The diagram highlights the schema used to represent information about an 
individual job candidate. The name of the hiring agency that the candidate is working with is 

shown, along with the location of the agency. Information regarding all three of the 
candidate’s past positions is also shown 
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Recruitment agencies have two options for making their data available as 
RDF. They could convert some of their existing relational data into RDF and 
then store it in a triple store such as Sesame. Alternatively, they could map 
the relational data to RDF using a technology such as D2RQ. Recruitment 
agencies would typically use the mapping approach, because this would only 
require them to map the data once; whereas if they choose to convert their 
data to RDF, they would need to keep updating the RDF store as their 
database changed. 

The hiring company would likely specify that, in order to query across 
the data, they would like the agencies to use widely shared URIs. For 
example, they may require agencies to use the Wikipedia list of occupations 
(http://en.wikipedia.org/wiki/Occupationlist) to describe the roles candidates 
have held, and Geonames (http://www.geonames.org/) to describe the 
geographical location of the positions.  

It is likely that a recruiting agency will not store all of its data in the 
representation required by the hiring company. For example, a U.S.-centric 
recruiting agency may only store zip codes for location, while the hiring 
company may require Geoname URIs to be used. In this case, the recruiting 
agency would need a method to convert a zip code to a Geoname. A Web 
Service such as GetInfoByZip (http://www.webservicex.net/uszip.asmx) 
could be used to convert the zip code into an address, and then a Web 
Service provided by Geonames could be used to convert the addresses into a 
Geoname URI (http://www.geonames.org/export/geonames-search.html). 

The recruiting agency would also need to create some URIs. For 
example, they would need to create a URI for the agency itself, which would 
have properties that include telephone number, address, and contact person. 
The agency could be a foaf:organization 
(http://xmlns.com/foaf/0.1/#term_Organization), and the contact could be a 
foaf:Person. They would also need to create a URI for each candidate, which 
could also be a foaf:Person.  

Once all of the agencies have made their data available in RDF via a 
SPARQL endpoint, it would become straightforward for the hiring company 
to query for candidates of interest across all agencies. It would also be fairly 
straightforward for the hiring company to add a new recruitment agency to 
their list of partners.  

Going forward there are many reasons why the hiring company may 
decide to extend its Semantic Web infrastructure to include OWL. The 
hiring company may decide there are too many terms that describe similar 
skill sets, so choose to simplify its queries by using an ontology of 
occupations. For example, it would be useful if there were a class that 
described candidates with legal skills, thus avoiding the need to search for 
candidates with job titles that include lawyer, chief council, solicitor, and 
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legal representative. OWL would also be useful for more advanced querying 
in which, for example, searches are performed for candidates who have 
worked at two Fortune 500 companies. OWL would be needed for such a 
query, as RDF does not provide support for cardinality constraints. Further, 
ontologies could be used to extend search capability so that they include 
geographical regions as well as towns.  

5.2 Enhancing agile manufacturing 

Food manufacturers operate in an environment in which there is severe cost 
pressure. It is one of the few industries in which purchase decisions are made 
based on price differences of a few pennies. These cost pressures have 
resulted in manufacturers shifting from an approach in which equipment is 
dedicated to the production of a single product, to one in which equipment 
can be used for multiple products. There has also been a trend toward the 
reuse of ingredients across different products and greater variety in size of 
packaging. The shift to equipment that can be used for many purposes puts 
pressure on manufactures to produce the right product, in the right quantity, 
and at the right time. This requires a better understanding of consumer 
demand, the ability to rapidly source ingredients from suppliers, and the 
need to switch products runs with minimal downtime. 

Food manufacturing is also an industry that is facing increasing pressures 
to be agile. The industry needs to be able to recognize the latest food craze, 
and to modify the ingredients in products and labeling accordingly. It is also 
an industry that needs to respond to regulatory agencies such as the U.S. 
Food and Drug Administration regarding the labeling of products that claim 
to have health benefits (http://www.cfsan.fda.gov/~dms/lab-ssa.html). 
Further, the industry must respond to increasing regulations regarding the 
use of ingredients that are common allergens 
(http://www.cfsan.fda.gov/~dms/alrgqa.html). 

In order to effectively manage these business drivers, companies use a 
number of enterprise applications. One of the key applications has been 
manufacturing resource planning software that is designed to handle sales 
order management, inventory control, accounts receivable and payable, 
purchasing, payroll, and other front-office functions. Another critical 
application is the manufacturing execution system. This software analyzes 
performance and allows dynamic decision making about production floor 
activities, including process control, work in process, throughput, downtime, 
changeover time, scrap, and other functions and parameters. Scheduling 
software is commonly used to identify any potential bottlenecks or critical 
disruptions in production by taking into account factors such as changeover 
time, ingredient or package continuity, and parameter changes.  
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Traditionally within organizations, enterprise resource planning 
applications have been implemented to support business processes. These 
applications have evolved over recent years from large monolithic systems, 
to a more agile Web Services-based approach. However, even with the new 
approach, it is frequently difficult to integrate such disparate applications, as 
they often support different underlying data models.  

The Semantic Web provides the ability to represent concepts within an 
ontology. Architecturally, the ontology is used at the interface between the 
application and the database. With this approach, databases focus on the 
persistent storage and indexing of data. The application code could be 
dedicated to implementing the business logic, which it does using terms 
defined by the ontology, thus creating a unified data model across multiple 
databases. 

The benefits of such an approach include the fact that ontologies name 
and organize the key concepts within the organization, which have a 
tendency to change relatively slowly. Software engineering is, therefore, 
more robust against change when ontologies are employed. Having the 
concept definitions, constraints, and relationships in the ontology makes it 
easier for data to be reused by applications for which it was not originally 
intended. It is also easier for people who understand the business to help 
work on developing ontologies than it is for them to create database 
schemas. Further, it is relatively simple to extend the capabilities of an 
ontology by adding to its constituent relationships, or by linking to a 
different ontology altogether. 

There already exist a number of food ontologies that a company could 
use (http://www.schemaweb.info/schema/SchemaDetails.aspx?id=61). If a 
company used an ontology to define all of its ingredients, as well as defining 
all of its products in terms of those ingredients, it would make it possible to 
re-classify products as necessary. Recently there have been regulations 
imposed within the United States that require finer-grained labeling of 
products that contain common allergens, such as nuts. By adding new 
definitions of product classes based on ingredients named in these 
regulations, automated classification would make it easier to identify which 
products require such labeling. Similarly, in order to support marketing, 
classes could be defined that capture the balance of ingredients that meet 
government regulations for when health claims may be made, or which 
satisfy the latest popular weight loss diets. As regulations or fads change, 
these definitions could be modified or augmented. Ontology reasoning 
services could then identify existing products that can be marketed in new 
ways. 
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By taking advantage of Semantic Web technologies it would be much 
simpler for companies to incorporate new data that is deemed relevant. For 
example, a company may decide that the weather is a strong predictor of the 
popularity of certain types of food. With a Semantic Web approach it could 
be easier to incorporate this new data source into decision-making. 

5.3 Identification of patterns and insights in data  

Semantic Web technologies can be used to find patterns and insights across 
data that originates from many sources. This approach has much 
applicability to projects relating to national security as facts and correlations 
of interest would frequently only be observed when disparate information is 
brought together. 

Within government agencies much information is captured in the form of 
reports. Text mining approaches could be pursued to extract core information 
from these documents. With natural language processing the extracted data is 
commonly in the form of a triple. It is straightforward to take the extracted 
triples, convert them into RDF, and store them in an RDF repository. The 
latest release of the Oracle Database could be used as the triple store as it 
provides support for RDF (Murray 2005).  

Once the data has been loaded into the system it forms a directed labeled 
graph. Users can then query the data using Oracle’s SQL extensions for 
RDF, which makes it simple for a user to query for all information that 
relates to a particular individual or place. It also becomes possible for a user 
to follow a chain of links within the data. Importantly for this use case, it 
further enables a user to find pairs of individuals who know each other, 
where their combined activities may lead someone to suspect that suspicious 
activities were being undertaken. 

The Oracle Database also provides support for a range of graph analytics, 
and network constraints (Stephens, Rung, et al. 2004). This functionality is 
available to RDF data through a Java API. Users can either build in-house 
applications that work against the API, or use applications that are already 
integrated such as Cytoscape (Shannon, Markiel et al. 2003) or Tom Sawyer 
(http://www.tomsawyer.com). Graph visualization and analysis tools are 
well suited to represent networks of individuals. Such applications would 
allow users to identify who knows who, recognize sets of individuals that 
form groups, and find the well-connected individuals who form key hubs 
both within and between groups. 

This use case has focused on analyzing information that was originally 
contained within government reports. However, it would also be possible to 
incorporate data that is in other representations into the analysis. One 
approach would be to convert existing relational or XML data into RDF, and 
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to then load it into the triple store for incorporation into the analysis. The 
other approach would be to use the power of SQL to perform queries that 
span relational, XML and RDF data.  

In the next release of the Oracle Database support will also be provided 
for OWL. There will be native, forward-chaining based inference for an 
expressive subset of OWL Description Logic (basic constructs, property 
characteristics, class comparisons, individual comparisons, and class 
expressions). This would allow users to performed more advanced 
inferencing over data within the Oracle Database. The next release will also 
include new SQL semantic operators to enhance the query of relational data 
using ontologies. 

5.4 Integration of heterogeneous scientific data  

Many pharmaceutical companies are interested in the data integration 
capabilities promised by the Semantic Web 
(http://www.w3.org/2004/10/swls-workshop-report.html). This is because 
drug discovery and development is a very expensive and time-consuming 
process. To get a drug from bench to market averages 5,000 screened 
compounds, 15 years and nearly $1 billion (Wolfson 2006). Companies want 
to minimize costly late-stage attrition by identifying and eliminating drugs 
that do not have desirable safety profiles or sufficient efficacy as early on as 
possible (Lesko and Woodcock 2004). It is also important for companies to 
be aware of competitive offerings or patents that may reduce the market 
potential of drug candidates. In order to be able to make such decisions, 
companies need to have an integrated view of their data (Stephens, Morales 
et al. 2006).  

The integration of data, however, has proven to be far from 
straightforward. Data commonly originates in different departments in which 
varying terminologies are used. Further, the data itself is very heterogeneous 
in nature, and consists of data types that include chemical structures, 
biological sequences, images, biological pathways, and scientific papers. 
Many companies have attempted to create data warehouses that contain all 
of this data, but many have found this approach lacking the flexibility 
required within a scientific discipline. Consequently, companies are 
exploring alternative approaches to data integration. 

A number of pharmaceutical companies are now exploring the use of 
Semantic Web technologies as a framework for integrating heterogeneous 
data. Most early projects are focused on integrating data within drug 
discovery, although ultimately companies are striving to provide a unified 
view of data from the laboratory bench to clinical observations (Payne, 
Johnson et al. 2005). 
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Semantic Web implementations in pharmaceutical companies have 
involved the development of tools that provide insight into the key entities 
encountered within drug discovery (Wolfson 2006). These entities typically 
include genes, proteins, compounds, samples, diseases, projects, and 
companies. When a user interrogates a particular instance of an entity it 
becomes possible to view all other information that relates to the object. 
Frequently the results of such queries display a set of entities as a graph in 
order to assist the user in visualizing and navigating among the relationships 
between the entities. This approach enables scientists to discover 
information as they navigate through available knowledge, rather than 
necessarily having to have a specific query in mind at the outset. When 
ontologies are used in combination with such a tool, it enhances the user’s 
ability to retrieve all information of interest even if specialist terminology 
was originally used to record the data. When querying, it can also help by 
recognizing identical terms used in different contexts. For example, an 
ontology would have different concepts for GSK the company versus GSK 
the protein. Upon querying for GSK, the tool would recognize the 
ambiguity, and could offer the user a choice of browsing by company or by 
protein.  

There are a number of areas in which the pharmaceutical industry is 
interested in further exploring the use of the Semantic Web. One additional 
area of interest is in identifying whether a common biological pathway 
relates two separately occurring observations, for example, a change in brain 
pathology and a change in body temperature. This could occur by integrating 
an ontology that relate clinical conditions to symptoms, and another 
ontology that relates clinical conditions to possibly modulated pathways. 
Another area of interest is in the use of ontologies with images. For example, 
the annotation of medical images by terms in a well-designed anatomy 
ontology, such as the Foundational Model of Anatomy ontology 
(http://sig.biostr.washington.edu/projects/fm/), would make possible the 
retrieval of all relevant images. Moreover, it would be very interesting if 
image sections could be overlaid with terms from an ontology that 
effectively defined a coordinate system. This would allow biological 
mashups in which, for example, a gene expression pattern could be 
identified as having originated from cells within a certain part of an image. 

5.5 Optimizing enterprise search and navigation  

Content search is an area in which several companies are using Semantic 
Web technologies. Leading commercial vendors in this space include 
Siderean Software (http://www.siderean.com/) and Endeca 
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(http://endeca.com/). The following use case describes how Semantic Web 
technologies have been harnessed to improve search within a large corporate 
enterprise. 

The Oracle Technology Network (OTN), part of the Oracle.com Web 
site, is the main source of technical information for the Oracle developer 
community. The Web site provides access to product documentation, 
notifications of product releases, software download, blogs, podcasts, and a 
discussion forum. The richness, complexity and dynamism of this 
information have made it challenging for traditional search and navigation 
techniques to provide effective access to and discovery of information of 
interest. Oracle has worked with Siderean Software to apply Semantic Web 
technologies to the Web site to help to address this problem. The Web site is 
available at: http://otnsemanticweb.oracle.com 

The solution is based on the integration of Siderean’s Seamark Navigator 
and Oracle Secure Enterprise Search. This combination of technologies 
enhances information access by aggregating multiple sources of content and 
providing it via a single portal. The application enables a common approach 
for searching and browsing over the rich multi-media data. Such unified 
access to information is valuable in helping users to identify all information 
of interest with a single request. Users also have the ability to personalize 
their environment by selecting the feed items they want to incorporate and 
the layout of the information. In addition, many of the information types 
support data visualizations, including tag clouds, contributor clouds, and 
timelines. These visualizations have been designed to help guide the user by 
suggesting ways to find the precise information that they are looking for. 
Figures 2-2 and 2-3 show screen snapshots of the capabilities on the 
enhanced OTN Web site. 

To keep the Web site up to date, every hour the application pulls content 
of interest to the Oracle developer community from multiple RSS feeds. 
Although each item in an RSS feed contains some metadata that describes it, 
often it is not sufficiently detailed or organized. The Seamark Metadata 
Assembly Platform enhances this metadata by using a combination of 
pattern-matching techniques to identify the subject matter of an item. Once 
the subject matter has been determined by Seamark, terms from an Oracle 
proprietary taxonomy are used to record the concepts and entities to which 
the item refers. At this point, XSLT is used to convert the XML based RSS 
syntax into RDF. This approach provides the annotation required to support 
the rich discovery experience based on dynamic navigation of entities and 
their relationships. For example, since terms are taken from an ontology, 
parent terms are more general than their children. Consequently, sets of 
search results whose metadata include different child terms can be grouped 
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together and labeled using the parent concept. This makes it possible for a 
user to understand more results at once, and it makes it easier for them to 
narrow those results to a precise topic of interest. 

The search interface also provides the ability to create customized RSS 
feeds based on user-defined queries. As terms for the concepts and entities in 
metadata are standardized, feeds constructed using this technology tend to be 
more targeted, with fewer inappropriately included items. Since the same 
method of associating metadata is applied to all media types, these feeds can 
deliver relevant content from diverse media platforms. 

 

 

Figure 2-2. Oracle OTN Web site 

The Figure 2-2 provides a screen snapshot of the Oracle OTN Web site. 
Dashboard portlets have been selected by a user to enable simultaneous 
navigation over multiple repositories. The panel on the left contains facets 
that are available for navigation, and highlights the number of items 
available for each link. 
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Integration and deployment of the solution was very fast and 
straightforward as both Seamark and Secure Enterprise Search are available 
as Web Services. The system was designed such that at query time Seamark 
calls the Secure Enterprise Search API, and then displays the results in the 
Seamark Relational Navigator framework. The total integration and 
deployment time for the OTN solution was about eight weeks. Expected 
future enhancements include support for additional data types, more 
personalization options, and more innovative visualizations. 

 

 

Figure 2-3. Oracle OTN Web site – Blogs 

In Figure 2-3 shows the Oracle OTN Web site. It now supports a range of 
visualization capabilities alongside the Semantic Web search and navigation 
functionality. The screen snapshot shows the results of a search for blogs 
that mention Java, and that were written between May 29, 2007 and June 14, 
2007. The tag cloud shows that Jean-Pierre Dijcks and Tim Dexter have 
written many of the blogs that meet these requirements. The bar chart 
depicts the number of blogs that were written on each day over the selected 
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time period. A list of the search results is shown towards the bottom of the 
page. It is now possible to view blogs according to multiple dimensions that 
include author, time, and topic. 

This search solution was implemented by an enterprise wanting to 
enhance search and navigation for their customers. In the process of reaching 
this goal, Semantic Web technologies were used. As a byproduct, the data is 
now available in RDF, and can be queried through a SPARQL interface. 
This is, therefore, a good example of how Semantic Web technologies 
employed to achieve enterprise goals can pave the way for creation of more 
general applications on the Semantic Web. 

An interesting extension to this capability would be to broaden the search 
and navigation to include business applications. To achieve this objective, it 
would be necessary to extend the ontology to include all of the entities 
represented within the business applications. For example, transactions 
within an inventory tracking system could be provided as RSS feeds with 
metadata recording the items being added to or removed from the inventory. 
If the inventory feeds were added to the ones monitored by the portal, it 
would enable the existing search and navigation facilities to explore 
inventory as well. This approach would become increasingly interesting as 
data is incorporated from additional business applications. 

5.6 Additional applications of the Semantic Web 

The previous section highlight in detail some use cases of the Semantic 
Web. There are, however, several other application areas in which Semantic 
Web technologies are expected to provide significant benefits. A brief 
overview is provided of three such areas: 

 
• Compliance and Regulation. There is a growing and increasingly 

complex set of regulatory requirements to which companies must 
adhere, including Sarbanes-Oxley, Health Insurance Portability and 
Accountability Act (HIPAA), and Basel II. The regulatory organizations 
typically define their policies independently, yet companies must apply 
all of them to their data. If Semantic Web technologies were used to 
model the policies related to the regulations, it would make it simpler for 
enterprises and legislators to merge policies and, thereby, keep abreast 
of the ramifications of complex interacting policies. In addition, many 
regulations require organizations to be able to trace and verify data 
movements and relationships. These requirements are also well suited to 
the capabilities of the Semantic Web. 
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• Event Driven Architecture. Semantic Web technologies could also aid 
our ability to more rapidly perceive, process, analyze and act in response 
to changes in data. These capabilities would be especially valuable when 
responding rapidly to an emergency, when unexpected relationships 
between data may need to be explored. For example, if there was a 
flood, it may be necessary to examine data according to terrain 
elevation. Another likely use of event driven architectures would be with 
sensor information. Monitoring signals from Radio Frequency 
Identification (RFID) tags that include URIs could greatly enhance the 
effectiveness of condition monitoring, maintenance planning, and the 
documentation of the technical status of systems and components on 
offshore platforms or ships, based on using networked devices for 
remote access during maintenance planning or for in situ access during 
inspection. 

• Service Oriented Architecture Metadata. The Semantic Web will 
likely play an important role within Service Oriented Architectures 
(SOA). The ability of the Semantic Web to assign metadata will help 
with true dynamic service discovery, invocation, and composition. The 
Semantic Web could, therefore, improve the inherent flexibility of a 
SOA infrastructure. 

6. CONCLUSIONS 

This chapter reviews some of the business and technology challenges that 
companies are facing today, and describes how a number of these difficulties 
could be overcome with the use of Semantic Web technologies. However, in 
order for Semantic Web technologies to be adopted within an enterprise 
setting, there must be tools that are available that support the scalability, 
availability, and reliability requirements of such companies. To assess this, 
the chapter summarizes the state of the art in software tools and 
technologies, including both open-source and commercial products. A 
number of use cases are provided that describe real-world implementations 
and examples of situations in which there would be significant benefit to 
implementing Semantic Web technology-based solutions. Importantly, the 
chapter describes why it is likely that mainstream deployment of the 
Semantic Web will occur first within an enterprise setting and how that can 
then pave the way for the creation of more general applications of the 
Semantic Web. 
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7. QUESTIONS FOR DISCUSSION 

Beginner: 
1. How could a company generate URIs from existing unique identifiers? 
2. What would you use as the namespace for your company?  

 
Intermediate: 
1. How could a food company make use of recipe collections on the Web to 

propose new products? 
2. What are some of the limitations of Wikipedia’s list of occupations? 

How would you address some of these limitations? 
 

Advanced: 
1. What other business applications do you think would benefit most from 

the adoption of Semantic Web technologies? 
2. What biological or business mashups would you envision to be of value? 
 
Practical exercises: 
1. How would you write a SPARQL query to identify the recruitment 

agency that represents hireme:candidate10021? 
2. What facets would you select for navigating the Oracle OTN Web site?  

8. SUGGESTED ADDITIONAL READING 

• Davies, J., Studer, R., and Warren, P. Semantic Web Technologies: 
Trends and Research in Ontology-based Systems. Chichester, UK; John 
Wiley & Sons, 2006. A thorough overview of the Semantic Web and 
interesting use cases. 

• Antoniou, G. and van Harmelen, F. A Semantic Web Primer. Cambridge, 
MA; MIT Press, 2004. This book provides a good introduction to the 
Semantic Web. 
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