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ABSTRACT  

It is well understood that the key for successful Semantic Web 
applications depends the availability of machine understandable 
meta-data. In this paper, we describe a practical approach to the 
Semantic Web called Information Grid. Information grid 
resources span all the data in the organization and all the metadata 
required to make it meaningful. This data maybe structured, semi 
structured, or unstructured; stored anywhere; and created by any 
application. The final goal is to let organizations view their assets 
in a smooth continuum from the Internet to the Intranet, with 
uniform semantically rich access. We present an architecture that 
integrates semantic web techniques into existing technologies in a 
novel way. Finally, we show the design and implementation of a 
prototype that demonstrates the ideas presented in the paper. 

Categories and Subject Descriptors 
H.3.3 [Information Search and Retrieval] Search process; 
clustering; H.2 [Database management] General; H.5.2 [User 
Interfaces] General 

Keywords 
Semantic Web, RDF, search, browsing, clustering, meta-data, 
information visualization, databases, tools, user interface. 

1. INTRODUCTION 
Two somewhat contrary-sounding drivers fuel the current trend in 
enterprise data management: virtualization and convergence. 
Virtualization is a framework for dividing up the resources of an 
organization into multiple execution environments, by applying 
one or more technologies such as hardware clustering, software 
partitioning, application modularization, emulation, and so on. 
The driver behind virtualization is the lowering of cost. Today’s 
emerging grid computing environments enable not only the 
virtualization of IT resources such as storage, bandwidth, CPU 
cycles  – supporting the ad hoc provisioning, on-demand 
deployment, decentralized management of the resources – but also 
allow looser coupling between applications and modules, which 
are no longer assumed to be monolithic clients and monolithic 
servers. Loosely coupled applications will run different modules 
on different nodes of a virtualized IT fabric, invoke functionality 
from remote web services, exchange self-describing marked-up 
data, and orchestrate the behavior of diverse process modules. 
XML technologies underpin loosely coupled grid-computing 
applications. Within the data center, the first generation XML 
web-services-based Service Oriented Architectures (SOAs) are 
already in development.  

Convergence, on the other hand, seeks to bring together the 
management of all your data assets. Today, less than 10 percent of 
the world’s information is managed, and most of what is found to 

be valuable to manage (e.g. capture, store, index, search, analyze) 
falls into the category of structured data. Being able to manage the 
remaining data is what convergence is all about. In XML we 
finally have a data model that is capable of addressing highly 
structured data (rows-and-columns), textual unstructured-data 
(documents), and anything semi-structured in between (messages, 
template-based business data-documents, or metadata). 
Document-intensive industries are already benefiting from 
standardizing their document formats on XML. Content-creation 
vendors are XML-enabling their tools to make it easier to capture 
information in content repositories. And vendors are XML-
enabling business intelligence tools, application servers, 
enterprise portals, and other infrastructure products to make it that 
much easier to share and re-purpose XML-based information.  

The real driver behind convergence is better business intelligence 
across all your assets. When unstructured information becomes a 
managed resource, it can be integrated into more day-to-day 
organizational processes, such as search and compliance. Users 
can search across information that was previously stored in silos, 
such as file systems, document repositories, web sites, and email.  
Compliance policies can be implemented uniformly across all 
organizational assets.  

XML’s applicability to both virtualization and convergence 
allows the industry to make progress on both fronts without the 
need for multiple disruptive paradigm shifts.  Moving towards a 
new data management architecture based on XML-backed 
information repositories will be a key future step for 
organizations. We call this architecture, which combines 
virtualization and convergence, the information grid. 

2. THE INFORMATION GRID 
When we at Oracle first released our grid-computing 
infrastructure with Oracle 10g, the word grid really meant CPU 
clusters to most people. Gradually, that infrastructure grid has 
yielded to the application grid and now we are moving towards 
the vision of the information grid. 

The resources in the information grid span all the data in the 
organization, as well as all the metadata required to make that data 
meaningful. This data may be structured, semi-structured, or 
unstructured, stored in any location, such as databases, local file 
systems, or email servers, and created by any application. The 
vision for the information grid builds on the vision of the 
semantic web; the goal is to enable organizations to view all their 
assets in a smooth continuum, from the Internet to the Intranet, 
with uniform semantically rich access. 

Within an application grid, individual modules run on different 
parts of the infrastructure, with sharing of application state and 
control enabled via web services. Each module, however, is still 
tightly coupled to its data – say database, file-system, mail server 



– and intelligence about the data have to be compiled into the 
application module. An information grid, in contrast, is self-
describing; the application modules can discover what sources 
exist, what data they possess, what the life cycle of that data is, 
and how that data should be interpreted. The information grid 
builds on the infrastructure and application grids. 

Let’s say a manufacturing organization is interested in tracking 
product defects. The defect reports come into the organization in a 
variety of ways – customer emails, news stories, phone calls to 
support centers and so on. At a pure application level, the 
organization could build email-analysis, RSS-feed-search, or 
CRM defect-tracking modules to be dispatched across the grid, 
with each module hardwired to analysis of exactly one kind of 
data. However, if new kinds of defect reports occur with 
unpredictable frequency – suddenly internet blogs become a major 
source of defect information – then modules that are hard-coded 
to a particular kind of data are proven to be fragile, and the 
application grid is not successful. An information grid where the 
defect reports can describe their own meaning, and modules 
interact with the defect reports to understand their semantics, is 
seen to be more flexible. 

3. KEY COMPONENTS 
In this section we describe the main components of the 
information grid at a high level. We discuss the technical details 
in the prototype section. 

3.1 Repository, Metadata and Service 
Management 
The missing link to effectively sharing and reusing data on the 
web is the lack of machine-readable standards for semantics of 
web content. Thus, the Semantic Web is often associated with 
specific XML-based standards for semantics, such as RDF and 
OWL. Within enterprises, almost every product or service is 
looking to provide an XML out that publishes data in a self-
describing, standard way for use by other applications. From 
financial reporting (XBRL), to web site feeds (RSS), to legal 
information exchange (LegalXML), XML is the dominant 
standard for interchange today. In addition to the exchange format 
standards, management standards like Access Control Markup 
Language (XACML) and digital intellectual property rights 
management (XRML) are also emerging. 

The Information Grid, too, requires semantic information to make 
each data resource accessible to any process in the application-
grid, without requiring any a-priori coupling between the data 
resources and the application grid processes. In practice, this 
relies on metadata describing the meaning of data and 
relationships among data elements, as well as the implementation 
of exchange formats and management standards.  

The relational database was one early implementation of metadata 
technology. XML is the next evolution in the world of metadata. 
The central part of an Information Grid is an XML Metadata 
Repository. This repository (which may be physically distributed 
across nodes and disks) keeps track of the information about the 
information. It helps organize all the resources participating in the 
Information Grid in hierarchical relationships (“the invoice 
records sitting in database-A logically belong to a folder named 
Customer sitting on file-system-B, a description of that customer 
is to be found in CRM-application-C, with the latest interaction 

recorded in email-server-D;” the connections being automatically 
deduced from XML tags carried by the data.)  

The metadata came form different kinds of ontologies. Ontologies 
can not only be about a domain (“a defect can be an actual failure 
or a possible failure”), but also about tasks (“how to compute a 
possible failure’s probability”), personalization (“different views 
of a defect, from the Legal, Support, Marketing or Finance 
perspectives”), argumentation (“why the defect data was 
collected, why it was modeled in the way it was, and who agrees 
to it and who dissents”) and so on.  In an Information Grid, you 
can browse ontologies, as we will demonstrate, and also drill 
down into individual topics. 

The repository also provides services like Event Management 
(“what to do if the customer is deleted”), Business Rules (“how to 
determine if the customer qualifies for a volume discount”), 
Versioning (“issue a new version of the last invoice reflecting the 
volume discount”), Access Control (“who can see the customer’s 
credit card number”) and so on.  

The latest generation of the Oracle database now includes the 
XML data model, including support of the XML Schema standard 
for defining exchange formation. Oracle also includes a built-in 
XML Metadata Repository functionality, supporting event 
management, business rules, versioning, and access control and 
rights management. 

3.2 Semantic Crawlers, Search, and Query 
On the Web, search engines deploy crawlers to deduce metadata 
about HTML pages and index them so that keyword searches can 
be performed across websites. Search Servers provide the same 
opportunity within a Grid. On the Information Grid, semantic 
crawlers extract metadata from the assets as they are crawled 
(exploiting markup and also employing various heuristics), and 
the best ones can induce relationships between items through text 
mining techniques. While crawling across messages in an email 
sever, a semantic crawler might deduce that the presence of the 
word complaint, refund or such in an email message indicates an 
unhappy customer; Later, when you query for a Customer Name 
through a keyword search interface, the Search Server can color-
code the search results indicating how satisfied the customer is. 
This is the Business Intelligence value of the Information Grid 
showing through. 

Currently, search engines are poor examples of semantic 
processing – typically two different users with the same query will 
get the same result, even if one was searching for an insect 
(cricket) and the other for a game (cricket). Humans can generally 
understand which hit is about what, but automations built around 
search-hit-lists fail due to the high semantic ambiguity. Ideally, 
the search query will be qualified by the user’s context, the data 
described by the creator’s context, and the two matched to give 
unambiguous results. 

Within an intranet, the crawlers also need to be able to respect and 
enforce security, Information Lifecycle Management (ILM) and 
privacy policies. The best Search Servers today combine security, 
the semantic relevance of returned results, and the ability to 
intelligently present as much contextual information that exists. 

As information is distributed around the Information Grid, the 
other consideration is Integration. What if, in addition to keyword 
search style queries, you also want to perform joins across 
different data sources on the grid, or perform advanced ‘slice and 



dice’ queries a la SQL, or OLAP? The assets in an Information 
Grid are not all relational, so simply using a distributed SQL 
engine is not feasible; however, since the assets are all expressible 
as XML, a query language based on XML can be used to join 
across them. The emerging XQuery standard, combined with 
connectivity technology like the J2EE Connector Architecture can 
be used to query across joins of, say, documents (expressed as 
XML) and relational data (also expressed as XML. The strength 
of XQuery is in that by using the XML data model intelligently it 
can express queries across all these kinds of data, whether 
physically stored in XML or viewed as XML via the Information 
Grid. You can now ask to join Customer Name from a invoice 
database to an email system, to see how many people have sent in 
questions on their invoices, and so on.  

3.3 Information Presentation and 
Visualization 
People process information far more effectively when it is 
presented graphically rather than textually – as the popular saying 
goes, a picture is worth a thousand words.  Poor organization and 
presentation of information can greatly impact a particular 
decision. Even when information is available, the lack of 
arrangement of certain items can lead to uninformed decisions and 
lost opportunities.  

In the context of vast amounts of information like an information 
grid, visualization techniques can help users navigate through 
large data sets, provide concise summaries, and mechanism to 
interpret items in certain contexts. In Intranet applications where 
the content is very rich, the list (top-10 items per page) metaphor 
doesn’t scale very well. Users need to see relationships, 
information in context, and new insights from their collections.  

4. OVERVIEW OF ORACLE 
TECHNOLOGY 
In this section we briefly summarize the main features of the 
Oracle database in the context of an information grid. 

4.1 XDB Repository 
Oracle XDB provides a storage independent, content independent, 
and programming language independent infrastructure to store 
and manage XML data. It delivers new methods for navigating 
and querying XML content stored inside the database and 
introduces and XML repository for managing XML document 
hierarchies [5].  

The XDB repository allows content authors to work directly with 
XML content stored in the database. The majority of the tools 
used to author XML are now able to access content using 
protocols like HTTP, FTP, and WebDAV. XDB adds native 
support for these protocols to the database, allowing authors 
direct access to content managed by the XDB repository. 

4.2 Search API 
Oracle provides a rich full-text search API that can be used to 
build information retrieval applications. Built on top of Oracle’s 
extensibility framework, the search API provides specialized text 
indexes for search applications like Intranet search engines, text 
warehouses, and catalog applications. 

The infrastructure provides a rich query language for specifying a 
wide range of queries. There is also a powerful set of PL/SQL 
packages that includes text-mining features like classifiers and 
clustering. 

4.3 RDF support 
The recent support for RDF builds on the Spatial Network Data 
Model (NDM), which is the solution for managing graphs within 
the Oracle database. The RDF data model supports three types of 
database objects: model (RDF graph consisting of a set of triples), 
rulebase (set of rules), and rule index (RDF graph) [9,10]. 

5. PROTOTYPE 
In this section we describe a prototype that we built to 
demonstrate the concepts using existing technology.  For 
demonstration purposes we have used the DBLP digital library 
collection that provides a copy of the data set in RDF as well as a 
simple ontology in OWL [15]. 

The GIO prototype was written in Java and leverages all the 
Oracle10gR2 XML features that were described in the previous 
section. 

GIO’s architecture consists on several back end processes that 
capture data, extract metadata, and creates indexes; along with 
other computations that manipulates the RDF data set. The other 
aspect of GIO is a servlet that provides search, browsing, 
clustering, and visualization features.  

There are several ways to include new data sources into GIO. In 
case of the DBLP, a copy of the data set in RDF is available from 
the web. Using a SAX loader utility we parse and populate the 
internal schema (this step is described in more detail in the next 
section). Other approaches based on crawling insert data into the 
database directly or in the file system. There are two main indexes 
created for XML retrieval and search.  The foldering, clustering, 
and inference packages provide post-processing on the RDF data. 
Figure 1 shows the main back end components. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 1. GIO back end  

 

 

The GIO servlet provides search (simple and advanced), ontology 
browsing, and clustering. For the visualization part, there is a 
visualization layer that provides an intermediate representation 
that later is presented as a tree map in case of cluster or a force 
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graph for the social network.  Figure 2 shows the main 
components for the web application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. GIO as a web application 

 

5.1 RDF and OWL in the Database 
Typically, RDF data is presented as a single file with a root node 
of RDF [27].  This node contains a large collection of description 
elements. In this case, it was decided to dispose of the RDF node, 
and treat the content as a set of description nodes, so as to enable 
document level access to the contents of each description element. 

SAX processing techniques allowed the large RDF content to be 
processed efficiently. Each description element was inserted into 
the XML type table (rdf_document_table ). 

In order to allow a file / folder metaphor to be used to access the 
description elements, a suitable folder hierarchy was generated 
from the ontology (OWL) associated with RDF data. Each 
description element was then “foldered” per its classification 
using the dbms_xdb.createResource  package.   

Oracle XML DB includes a repository that allows content to be 
organized as a set of files and folders. Content in the repository 
accessed via a URL, in the same way that content is a relational 
table can be accessed via a primary key.  Folders and Files can be 
created from SQL and via industry standard protocols such as 
HTTP, FTP and WebDAV.  

Tools for editing XML and XML schemas have become standard 
for users who have to develop for such database centric 
applications. We see the same trend for users who are going to 
work and define ontologies for organizations.  We use 
SemanticWorks as an OWL editor that provides the ability to edit 
RDF code or to work with figures (a la UML) [16].  

 

5.2 Database and Queries 
Now that the content is inside the database, we can use a wide 
range of query mechanism, available through SQL, to retrieve 
data.  Let’s present a few queries using different operators. 

Selections of authors: 
select value(auth).getClobVal()  

from rdf_document_table, table(xmlsequence( 

extract( 

object_value,'/rdf:Description/author','xmlns:rdf=
"http://www.w3.org/1999/02/22-rdf-syntax-ns#" 
xmlns="http://example.org/"'))) auth  

 

Publications where journal contains Software: 
select extractValue (object_value, 

   '/rdf:Description/title', 

   'xmlns:rdf="http://www.w3.org/1999/02/22-rdf-
syntax-ns#" xmlns="http://example.org/"') 

from rdf_document_table where  

contains(object_value,'Software 
inpath(/rdf:Description/journal)')>0  

 

The query language is flexible enough to allow users to issue 
traditional SQL queries, XPath, full-text search, or any 
combination of them. 

In terms of ranking there are certain cases where a sort by a 
structured criteria like date is sufficient like browsing books. For 
searching we use the built in relevancy ranking that uses a mix of 
traditional information retrieval approach with some heuristics. 
The ranking can also be expressed a separate component.  

 

5.3 Information Access and User Interface 
The user interface in current Internet search engines consists on a 
single search box for basic search and a few extra fields in the 
advanced search mode. In general the user interface is tied up to 
the back end and there is very limited room for customization.  In 
other words, a search engine allows a user to search on certain 
fields. This is understandable because the search engine has 
control over the page real estate and needs enough space for 
placing ads.   

There has been research done in decoupling a user interface from 
the back end search engine [6] and lately some standards like 
Open Search is proposed [7] for search results syndication. Our 
approach is to decouple the interface and give users more choices 
on how they want to search and see information. 

The GIO user interface consists on three views to access content. 
The first one is to provide browsing of articles using classes from 
the ontology. The second view is to use labels (or tags) based on 
clusters as an alternative classification scheme. Finally, the search 
box provides random access to any item. Figure 3 shows a couple 
of screenshots. The first one is the home page and the second one 
is the query search results  
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Figure 3. User interface home page and search results 

including hit list clustering 

 

5.3.1 Browsing 
One of the advantages of having some OWL classes as folders in 
the repository is that we can build a simple mechanism for 
browsing content.  The following SQL query returns the top-level 
hierarchy (presented as path):  

 
select path from path_view where 

under_path(RES,'/home/DBLP/DocumentHierarchy')=1; 

 

Adding levels of hierarchy and presenting the results for the web 
interface is straightforward as presented in the next Java code 
snippet from the JDeveloper IDE (figure 4): 

 

 
Figure 4. Query for browsing the ontology 

 

5.3.2 Clustering 
Lately there has been a lot of activity on using clustering to 
improve either search results [20] or as an alternative way to 

discover groups of information [21]. A recent study on user 
search experience has found that users do prefer to use clustering 
when they are in exploration mode or trying to get an overview 
for a topic [17]. 

In GIO we combine both approaches. There is a view for most 
popular clusters based on publication title using a variation of 
traditional approaches like k-means [12]. The size of font in the 
label has a direct mapping to the quality of the cluster. The second 
approach is to cluster search results. We use hit list clustering 
based on suffix trees, which is more flexible for contextual results 
[22]. 

Finally, there is the ability to present all the clusters using an 
information visualization metaphor like tree maps. Section 6.3 
describes this technique in more detail. 

5.3.3 Advanced search 
Like any modern search engine, there is a single box as default 
search with the option to switch to the advanced mode. In contrast 
with Internet search engines, the advanced mode provides an 
interface that allows users to search fields depending on the 
availability (or not) of different sources.  

As discussed before, at the core of the system is a powerful 
mechanism to discover and populate metadata with XML. Using 
AJAX (Asynchronous JavaScript and XML) as the main 
technique, we built a flexible mechanism to search source and 
attributes dynamically.  The metadata loader component queries 
the database extracting all data source metadata and index 
metadata (for each data source) returning XML. The user interface 
generator uses the xmlHttpRequest  object to populate certain 
elements of the user interface along with JavaScript and CSS. The 
result is a flexible interface that gives users flexibility for 
advanced search. Figure 5 shows the main components of the 
advanced user interface generation using AJAX. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Advanced UI generation with AJAX 

 

The user selects a data source and automatically the interface 
displays available attributes for search. Figure 6 shows a search 
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for DBLP publications from a particular school. Figure 7 presents 
a search on a different source (researchers home pages) where 
there is no data at the moment. A very important aspect of using 
metadata to construct the user interface is that you have more 
control on what you want to search. 

 

 

 
Figure 6. Discovery of search attributes in advanced search 

 

 

 
Figure 7. AJAX driven interface  

 

 

5.4 Information Visualization 
We are also seeing information retrieval go beyond keywords. A 
picture is worth a thousand hit lists, and visualization techniques 
on the information grid are providing pictorial summaries of 
query results.  

There are several visualization metaphors available to explore 
large data sets. In the context of browsing, we have decided to use 
tree maps for cluster visualization [11].  

In the prototype the tree map cluster visualization will read the 
configuration in XML as well as the data generated via SQL. This 
is very powerful because you use the XML built-in technology in 
Oracle as the main integration point.  From the database 

perspective, a server side package queries the tables needed and 
generates on the fly the tree map format specification and applet 
calls. Figure 8 shows a flat clustering of the DBLP data set. 

 

 
Figure 8. Visualization of clusters using tree maps 

 

The information visualization layer is independent from the 
details of a particular visualization metaphor (like tree maps, 
hyperbolic tree, etc.). Since the technology is XML-based, a 
number of visualizations, from Oracle or 3rd party vendors like 
Lab Escape [14], can be added to visualize the same data.  

 

5.5 Inference and Social Networks 
One of most promising features of a semantic web is to see a 
domain of applications connected by concepts and to inference. 

So far we have concentrated mainly in using the DBLP data set 
and demonstrated the usage of Oracle functionality to manage 
RDF and OWL.  An information grid involves more than just one 
data source. The ability to connect different sources and derive 
insight is a key part of the process. 

Let’s say we would like to add more information about 
researchers (like home page, affiliation, etc.) to our application.  
Using the researchers names with a combination of heuristics as 
seed to a focus crawler we were able to retrieve XML documents 
that contain the desired information.  

Once the new home page data source was available, we’ve 
inserted a few of them into the XDB repository using drag and 
drop via WebDAV.  Because GIO is metadata driven once the 
first document about a home page was in the repository, it 
indexed the document content and metadata making this new data 
source available in the advanced user interface. It also provides 
new information for computing inference. 

As an example of inference we want to know do display public 
personal information from a researcher and its social network 
(here as a co-authors). Once the XML document that represents a 
researcher is available in the system, we can inference some 
relationships like authors who are then presented as a social 
network. This is, of course, a limited implementation of an 
inference engine. The idea is to show that you can implement 
inference using a) RDF support in the database or b) a different 
inference engine as a component.  



 

 

Figure 9. Social network visualization 

 

Social networks and small worlds can help not only to identify 
degrees of separation but also as tools for intelligence gathering, 
design process, and business [25].  In our prototype we want to 
show the results of some inference as a social network as a 
mechanism to show “linked” information.  

The last part of the inference is to visualise the social network of a 
researcher (figure 9). Again, using the same information 
visualization framework that we described before we have 
integrated a social network visualization based on the prefuse 
toolkit [13]. 

6. RELATED WORK 
There has been interesting work on applications that support a 
number of Semantic Web features. Haystack is system for 
semistructured data management with an emphasis on end users 
[1]. Our approach has a similar perspective on viewing 
information and the importance of having a database as a core 
component. We concentrate more on the back end implementation 
with existing technology. PiggyBank [3] takes some of the ideas 
explored in Haystack and makes them available in a web browser 
[3]. There are similarities in the combination of search and 
categories (or clusters).  Their approach is based on open source 
technology where we rely on a single industrial data management 
platform. We think that there is a need for clients to be more 
“semantic aware” but at the same time meta-data application 
should also be server based so different applications (and users) 
can take advantage of it. Soogle [24] offers a new perspective on 
search and indexing semantic content. It is possible to replace or 
enhanced the current ranking technique that we have prototyped 
with something similar to Soogle. 

Magnet [2] and BANKS [23] are examples of systems for 
navigating and browsing large data sets. Our GIO prototype 
provides browsing as a central feature of the system. Presentation 
of RDF content like in [19] are important aspects of any semantic 
applications. Our work not only provides interfaces that rely on 
metadata but also includes other editing tools that can read and 
save back to the database RDF/OWL content. 

As mentioned in the paper we do believe in meta-data generation. 
From the Web Engineering perspective, WEESA is a good 
example for automating the generation process [18]. Although 

their implementation is focused in the Apache framework, similar 
results should be possible to replicate using the Oracle XML 
tools.  Automatic generation has not been the focus of the paper at 
the moment. Mappings from XML Schema to OWL like the one 
proposed in [28] should also be possible to achieve in our 
architecture. 

Integration of information retrieval and semantic web is a 
direction that we share [4]. However, if the infrastructure is not in 
place, that path is difficult to follow. We have concentrated at the 
moment, in providing with underlying foundation where such 
techniques can be applied. 

The life sciences area is probably the most active industrial 
participant with semantic technologies. Oracle has been very 
active in providing the necessary infrastructure for such 
applications [8]. 

7. CONCLUSIONS AND FUTURE WORK 
We presented the information grid – a new perspective on 
managing semantically rich information.  This paper presented the 
new ideas along with an architecture that can be used to build 
similar information grid applications. To our knowledge not much 
work has been done to integrate semantic web technologies using 
existing products. 

We have demonstrated the applicability of the ideas in the GIO 
prototype using the DBLP data set as a domain example. The 
prototype was entirely built using existing technologies like the 
Oracle 10gR2 database.  

Our approach focuses on the usage of existing XML tools to take 
advantage of semantic content that can be expressed with 
OWL/RDF. The next step is to provide features and services that 
can take advantage of semantics like search, clustering, inference, 
and social networks.  

From a pragmatic perspective, XML metadata allowed us to add 
sophisticated visualization metaphors and new approaches to user 
interfaces very easily. 

Based on the experience with the DBLP data set we plan to work 
on other domains. We plan to continue working on applications 
based on Information Grid that combines XML, search, and novel 
approaches for information presentation. We also plan to 
incorporate some of the ideas presented here as part of 
forthcoming products. 
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