
 WEB

	 Although	use	of	the	World	Wide	Web	has	
dramatically	expanded	over	the	past	decade,	
the	underlying	technologies	have	remained	
essentially	the	same.	The	fundamental	problem	
with	the	web’s	current	structure	lies	in	its	focus	
on	information	that	is	readable	only	by	human	
beings.	The	shortage	of	machine-readable	data	
increases	the	amount	of	human	power	necessary	
to	organize	and	locate	useful	information.
	 The	next	generation	of	the	web,	the	
Semantic Web,	promises	to	bring	increased	
meaning	to	online	content	by	incorporating	
concepts	such	as	Resource	Description	
Framework	(RDF),	eXtensible	Markup	Language	
(XML),	and	Web	Ontology	Language	(OWL).	
This	paper	outlines	how	these	technologies	will	
function	and	their	potential	applications	in	an	
organizational	setting.				
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Acme	 Company’s	 CIO,	 Steve,	 has	 recently	 implemented	 Enterprise	
Semantic	Web	(ESW)	technology	in	his	organization.	When	the	company’s	
ERP	 system	 determines	 that	 there	 is	 a	 low	 level	 of	 inventory	 on	 a	 key	
product,	it	launches	a	software	agent	that	searches	through	pre-approved	
parts	supplier	databases	to	find	the	lowest	priced	parts.	Upon	determining	
where	to	purchase	the	parts,	the	software	agent	places	an	order	through	
the	 supplier’s	 system.	 A	 shipping	 invoice	 is	 prepared	 and	 sent	 by	 the	
software	agent	to	the	accounts	receivable	module.	When	the	parts	arrive	at	
one	of	the	Acme	Company’s	warehouses,	they	are	automatically	scanned	
and	 added	 to	 inventory.	The	 ERP	 receives	 notification	 that	 the	 parts	 has	
been	 entered	 into	 inventory,	 and	 schedules	 payment	 to	 the	 suppliers	
within	the	payment	terms.	This	 is	all	done	without	human	 intervention.1	

It was recently estimated that 
there are more than 11.5 billion in-
dexed pages on the World Wide Web 
(Gulli & Signorini 2005). This leaves 
us to wonder, “How do humans 
manage this sea of information?” 

People, of course, use search en-
gines to assist them in locating in-
formation. However, search results 
can be irrelevant, requiring addition-
al searches to capture vital data. In 
many instances, searches end in fail-
ure and frustration. To address these 
problems, Google, Yahoo! and other 
search engine developers continue to 
fine tune their search algorithms to 
further improve the user experience. 
While this addresses the issue of us-
ability, it fails to account for a ma-
jor limitation -- most of the content 
available on the web is intended to be 
readable by people not “machines”.

Tim Berners-Lee, inventor of 
the web, describes the problem:

“The	organization	that	
has	the	best	information,	
knows	where	to	find	
it,	and	can	utilize	it	the	
quickest	wins.”

-Daconta,	Orbst,	&	Smith	2003

What is the Semantic 
Web?

ing metadata is through use of the 
eXtensible Markup Language (XML).

Once metadata has been added to a 
document using XML, the metadata is 
defined using the Resource Description 
Framework, or, RDF. RDF allows one to 
describe the document and the data it 
contains. RDF also provides the ability 
to share these descriptions on a global 
scale. Other pages can use RDF docu-
ments to retrieve information about 
the structural contents (metadata) of 
a document, thus allowing for interop-
erability across web applications. Al-
though RDF is essentially XML-based, 
these added capabilities make it a cru-
cial component of the Semantic Web.

As web developers use RDF to cre-
ate definitions for metadata, the pos-
sibility exists for developing different 
domains of knowledge. A common 
vocabulary would also be beneficial 
if it were available for machines on 
the Semantic Web. For this reason, 
a language for creating ontologies 
on the web, the Web Ontology Lan-
guage (OWL), was created. An ontol-

eXtensible Markup 
Language (XML)

ogy is a formal means of expressing 
concepts and relationships between 
them (Daconta, Orbst, & Smith 9). 
Ontologies are used in fields such as 
Artificial Intelligence (AI), because 
they allow machines (agents) to 
communicate with each other even 
when they are not in the same do-
main of knowledge (Gruber 1992).

These three levels of knowl-
edge management, XML, RDF, 
and OWL, form the basis on 
which the Semantic Web exists. 

The World Wide Web is currently 
composed of individual pages writ-
ten with HTML (HyperText Markup 
Language). HTML is primarily used to 
dictate the presentation and layout 
of the page; it does not provide in-
formation about the contents of the 
page. Documents are created in Uni-
code, a plain text format allowing for 
international characters. In addition, 
each page created has an URI (Uni-
form Resource Identifier), such as a 
web address. Users can input this URI 
into a user agent (i.e. Web browser) 
to locate the page. Pages can also 
have links to other URIs, effective-
ly creating a “web” of information.

For machines to be able to interpret 
these pages more efficiently, Web page 
creators must add metadata to Web 
documents. Metadata is data about 
data. Creating metadata is a two-
step process: metadata must first be 
added, and then defined. By including 
metadata in Web documents, web de-
velopers are structuring the document 
in a format that machines can under-
stand. The primary method of creat-

eXtensible Markup Language 
(XML) and HyperText Markup Lan-
guage (HTML) were both derived from 

A	Possible	Scenario

To improve functionality and ef-
ficiency, the next generation of the 
web must address this issue. Data 
must be given enhanced meaning 
(semantics) that machines can pro-
cess without human intervention. Re-
lationships among sets of data must 
also be recognizable. The result will 
be more relevant data, available in a 
timely manner.  The term “semantic 
web” is intended to capture this goal.

The Web was designed as an in-
formation space, with the goal 
that it should be useful not only 
for human-human communi-
cation, but also that machines 
would be able to participate 
and help. One of the major ob-
stacles to this has been the fact 
that most information on the 
Web is designed for human con-
sumption, and even if it was de-
rived from a database with well 
defined meanings (in at least 
some terms) for its columns, 
that the structure of the data is 
not evident to a robot browsing 
the web. (Berners-Lee 1998)
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Figure 1. The layers of the Semantic Web (Berners-Lee 2000)

a more complex language, Standard 
Generalized Markup Language (SGML) 
(Antoniou & van Harmelen 23). As a 
result, the syntax of both is similar.  
However, HTML is limited to provid-
ing presentational and layout proper-
ties of a document, whereas XML can 
denote structural information as well.

XML itself is not a language; rather, 
it is the foundation on which semantic 
markup languages are created to be 
applied to a document (Daconta, Orbst, 
& Smith 32). To define the structure 
of these documents, XML Schema is 
used (Antoniou & van Harmelen 37).  
XML Schema is a definition language 
that dictates which elements can exist 
in a document’s structure. If a docu-
ment is said to be conforming to an 
XML Schema, then it will comply with 
the rules that have been set forth by 
the XML Schema (Geroimenko & Chen 
7). As a result, XML Schemas provide 
for validation of data that is in a docu-
ment. (Daconta, Orbst, & Smith 38). 

In addition to adhering to an XML 

and publication date. Another sec-
tion of the document contains infor-
mation about the web page, such as 
page title, layout, and appearance. In 
this case, there may be two elements 
inside this segment that are consid-
ered to be a “title” (i.e. the title of the 
book and the title of the web page). A 
machine must be able to distinguish 
between these two items and know 
which one to process. By having a 
different namespace for each section 
(book and web page), the computer 
can be told which “title” to look for 
when searching for data. (Bray 1999)

To add further structure to a docu-
ment, the elements in an XML docu-
ment are organized in a hierarchy 
whereby elements are nested within 
other elements, creating a parent-
child relationship. An example of how 
an XML document may be viewed 
conceptually can be seen in Figure 2.

The	elements	in	an	XML	
document	are	organized	
in	a	hierarchy	whereby	
elements	are	nested	
within	other	elements,	
creating	a	parent-child	
relationship.

Figure 2. A visual representation of a typical XML document

Schema, XML documents on the Se-
mantic Web must also include refer-
ences to at least one XML namespace. 
XML namespaces are used to define 
the origin of different names in an 

XML document. (Bray 1999) For ex-
ample, a document may contain in-
formation about a book available on 
a website. Part of the document has 
the title of the book as well as other 
relevant information, such as author 
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Resource Description Framework 
(RDF) is used to convey information 
about one or more resources (Da-
conta, Orbst, & Smith, 86). For the 
Semantic Web, RDF’s primary pur-
pose is to describe metadata. RDF 
can be considered an enhanced ver-
sion of XML, in that it is more scalable 
for global applications (Bray 2001).2 
In addition, RDF is considered more 
appropriate for describing the ex-
ternal attributes of a document (i.e. 
author of document and date of cre-
ation), whereas XML is used for the 
actual content within the document 
(i.e. inventory cost and quantity).

RDF syntax is composed of three 
parts: the resource, the property, 
and the statement (Antoniou & van 
Harmelen 63). The resource is the 
object that is being described, while 
the property is the attribute of that re-
source. The resource, the property, and 
a corresponding value for the property 
are used to form the RDF statement. 

An example of this syntax fol-
lows: when transforming “www.ab-
supply.com/parts-list/ is authored by 
Jim” into an RDF statement, www.
ab-supply.com is the resource, au-
thor is the property, and Jim is the 
value. In most cases, the resource 
is the subject of a statement, the 
property is the predicate, and the 

value is the object. (Bray 2001)

As in using basic XML, restrictions 
can be added to RDF statements using 
RDF schema. Restrictions can be as 
simple as stating that the author prop-
erty may only be used when describ-
ing web pages. Therefore, RDF sche-
ma provides a method for validation 
and data integrity. (Wrox Press 2001)

mains of knowledge will appear. Each 
domain will have its own description, 
individual concepts, and relationships 
among concepts (Daconta, Orbst, & 
Smith 182). For example, one could 
consider an organization a domain of 
knowledge. Within the organization, 
there are different concepts (depart-
ment, employee). Each of those con-
cepts is related to each other and these 
relationships must be defined (i.e. a 
department consists of employees; an 
employee manages another employee).

Although RDF and RDF Schema 
have some of the capabilities of an 
ontology, they lack the richer features 
that are needed for reasoning (Anto-
niou & van Harmelen 111). The main 
requirements of an ontology language 
are a well-defined syntax, efficient 
reasoning support, formal semantics, 
sufficient expressive power, and the 
convenience of expression (Antoniou 
& van Harmelen 110). In an attempt 
to standardize an ontology language 
for the Semantic Web, a group of pro-
fessionals who oversee the develop-
ment of new online standards known 
as the World Wide Web Consortium 
(W3C), have created have created 
the Web Ontology Language (OWL). 

OWL offers many of the features 
that are required for rich expression 
of data on the Semantic Web. It can 
be used across systems, is an open 
standard, and is compatible with cur-
rent web standards (W3C 2005a). 
The development of OWL is now com-
pleted and ready for implementation.

Resource Description 
Framework (RDF)

Figure 3. Product 1’s information from Figure 2 in XML format

Figure 4. “www.ab-supply.com/parts-list is authored by Jim” in RDF 
format

Web Ontology Language 
(OWL)

As the Semantic Web becomes 
more commonplace, different do-
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The primary function of web ser-
vices is to allow different applica-
tions to communicate with each 
other (Daconta, Orbst, & Smith 57). 
Web services use XML-based lan-
guages to make it possible for ap-
plications to exchange data. In-
teroperability can occur even if the 
applications are on a different system 
platform or framework (W3C 2005b).

Web services add three concepts 
to the existing infrastructure of the 
web: SOAP, WSDL, and UDDI. SOAP 
(Simple Object Access Protocol) is the 
XML-based language that is used to 
communicate among different appli-
cations. WSDL (Web Service Definition 
Language) provides information about 
a service, including location, which 
operations it can perform, and how 
to send messages to the service (Da-
conta, Orbst, & Smith 68). UDDI (Uni-
versal Description, Discovery, and In-
tegration) provides web services with 
the ability to locate and connect to 
each other. (Vasudevan 2001) 

The introduction of web services 
addresses one of the primary problems 
in previous system implementations. 
As companies purchased applications 
for each department, the exchange of 
data among these systems was diffi-

Web Services
A	2001	study	predicted	
that	by	the	end	of	this	
year,	web	services	will	
reduce	IT	costs	and	
increase	efficiency	by	30	
percent.

cult or costly. In addition, companies 
in partnerships with each other en-
countered incompatibility issues when 
attempting to exchange data. By hav-
ing a common language in which these 
systems can interact, web services 
eliminate communication barriers and 
can increase the flow of information. 
In fact, a 2001 study predicted that by 
this year, web services would reduce 
IT costs and increase efficiency by 30 
percent (Plummer & Andrews 2001).

Applications of the 
Semantic Web

As mentioned earlier, the World 
Wide Web Consortium (W3C) is a 
group of professionals that develop 
and recommend standards for use on 

the web. Many companies are mem-
bers of the W3C including computing 
leaders such as IBM, Hewlett Pack-
ard, and AOL. Furthermore, a num-
ber of firms whose business is not 
primarily based on computers and 
the Internet, such as Daimler-Chrys-
ler, Nokia, and Phillips, are also in-
volved in the process (van Harmelen 
2003). The support of these compa-
nies suggests that the Semantic Web 
offers in for a number of industries.

Daimler-Chrysler has already 
started using the Semantic Web in its 
organization. Parts that are to be as-
sembled into vehicles are now ordered 
online. By using XML based services, 
Daimler-Chrysler is able to ensure in-
teroperability with vendors’ systems. 
The result is the elimination of unnec-
essary paper contracts and invoices. 
Instead of long-term contracts with 
a predetermined set of suppliers, 
Daimler-Chrysler is able to dynami-
cally create short-term agreements 
with vendors able to offer the lowest 
prices. Switching vendors can be done 
relatively quickly, thus creating a more 
competitive open market with great-
er cost savings for Daimler-Chrys-
ler (Antoniou & van Harmelen 200).

Hewlett-Packard is also experi-
menting with using Semantic Web 
technology for printer configuration. 

Figure 4. An image page on Flickr
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Figure 5. Mappr

Each printer could potentially become a 
“self-describing device” (van Harmelen 
2003). Walk into a building with your 
laptop and any available HP printers 
will automatically identify themselves, 
via a profile, to your computer. This 
profile will be written in a Semantic 
Web language to ensure interoperabil-
ity. When you want to print, your de-
vice will be able to immediately deter-
mine the closest appropriate printer 
for the print job (van Harmelen 2003).  
In this case, machines are communi-
cating with each other and perform-
ing tasks previously done manually. 

A number of businesses are now 
offering to implement Semantic Web 
technologies for others. Cerebra is a 
company that offers “semantic tech-
nology for the enterprise” (Cerebra 
2005a). Using RDF, OWL, and web 
services, Cerebra can assist in the 
deployment of decision-making sys-
tems that reason logically and make 
choices automatically. This operation 
is similar to business process man-
agement and business rule engines; 
however, Cerebra’s solutions are more 
scalable and built on an open stan-
dard. Cerebra uses the term “Enter-
prise Semantic Web” (ESW) to de-
scribe a semantic web for use within 
an enterprise. Included among the 
many benefits Cerebra cites are fast-
er maintenance, lower costs, and in-
creased awareness in the decision 
making process. (Cerebra 2005b)

Although some applications of the 
Semantic Web have begun to appear 
in organizations, online communities 
have been the first to embrace this 
technology. One such example of se-
mantic concepts is Flickr (http://www.
flickr.com). Flickr is an online image 
repository where users can upload and 
share photos. Photos  can be tagged 
with metadata (such as the camera 
used, the location where it was taken, 
the people or objects represented). 
Once tagged, users can then search for 
images, put them into groups (pools) 
with similar photos from other users, 
or share comments. When viewing a 
tagged photo, following the link of any 
of the tag names will result in the dis-
play of more photos with that tag from 
other users. By adding metadata, us-
ers are providing information that can 
help in organizing and locating photos. 

Flickr is also a web service; devel-
opers can use the metadata provided 
by Flickr in their own applications. 
An example of this is Mappr (http://
www.mappr.com). Mappr is a ser-
vice that allows users to view photos 
by geographic location. Mappr visi-
tors are presented with a map of the 
United States that is clickable; users 
input a tag into the search box and 
Mappr displays where images with 
the tag are located. Choosing an im-
age brings up a list of its tags as well 
as Mappr’s “confidence” that the im-
age was actually taken in that loca-
tion. Confidence is dependent on an 

image’s tags; if there are multiple 
tags that would lead Mappr to believe 
an image is a certain location (for 
example, Ohio) then the confidence 
is higher (Mappr 2005). All of this is 
done through the Mappr user inter-
face; interaction with Flickr web ser-
vices is completed in the background.

Conclusion

Implementation of the Semantic 
Web is still in its early stages. Convert-
ing much of the World Wide Web to one 
with semantic data is a long, cumber-
some process that requires support 
from industry, academia, and others 
(Clark 2003). Whether it will ever see 
widespread adoption remains to be 
seen, as various obstacles remain. 
The specifications for the three lev-
els above ontology (trust, proof, and 
logic) in the Semantic Web have not 
yet been finalized (Koivunen & Miller 
2001). Moreover, although the Web 
Ontology Language (OWL) exists, spe-
cialized ontologies will likely be needed 
for various industries. (Ohlms 2002). 

Regardless, the potential of the Se-
mantic Web is obvious. The Semantic 
Web will supplement many current IT 
trends, including information man-
agement, system integration, multi-
device capability, e-procurement, 
and CRM. (Ohlms 2002). Knowledge 
management is an important tool for 
organizations, and applying metadata 
to information can increase the like-
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lihood of the availability of relevant 
data when needed. Decision sup-
port systems can possess increased 
accuracy as a result of interoper-
ability among systems built on open 
standards. Web services will make it 
possible for developers to draw data 
from other applications and present 
it to users with their own interface. 
This can be useful for executives who 
need to be presented with information 
from multiple sources simultaneously.  

Many of these technologies could 
actually be employed within an or-
ganization today. In fact, the stan-
dards that are to be used in the 
Semantic Web are by and large com-
plete; therefore, companies can be-
gin using XML, RDF, and OWL in an 
intranet solution or with business 
partners. In doing so, organizations 
can bring much-needed additional 
meaning to the wealth of informa-
tion already in their knowledge base. 
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Footnotes
1 Adapted from Alper, 2005

2 For more information about why 
RDF is preferred over XML for de-
scribing metadata, please visit http://
www.xml.com/pub/a/2001/01/24/rdf.
html?page=2#why_not_xml
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