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What do you want to do with information?

Increasing sophistication in applying semantics
Relevant Information (Semantic Search & Browsing)
Semantic Information Interoperability and Integration
Semantic Correlation/Association, Analysis, Early Warning

Not just relevant data,
but actionable information,

analysis and insight



Three generation of Information Systems:
Where we have come from, where we are going

, Semantic Web technologies and platforms, Semantic Web technologies and platforms

MediaAnywhereMediaAnywhere
InfoQuiltInfoQuilt, , 

OBSERVEROBSERVER
Semagix FreedomSemagix Freedom

Generation IIIGeneration III
2000s2000s

Semantics (Ontology, Context, Relationships, KB)

Metadata based integration, Mediator Metadata based integration, Mediator 
Systems, Digital LibrariesSystems, Digital Libraries

Generation IIGeneration II
1990s1990s

VisualHarnessVisualHarness
InfoHarnessInfoHarness

AdaptXAdaptX/Harness/Harness

Metadata (Domain model)

MermaidMermaid
DDTSDDTS

IntervisioIntervisio

Heterogeneous databases/Heterogeneous databases/
Federated Databases ResearchFederated Databases Research

Generation IGeneration I
1980s1980s

Data (Schema, “semantic data modeling)



Outline

• Observations
• Semantic Web and its key enablers

– Ontology: What do real world ontologies look like, 
how are they created

– Metadata: what enables automatic metadata 
extraction, how metadata enables integration of 
heterogeneous content

• What type of industry and scientific Semantic 
Applications are built

• Conclusions: Ontologies as a best-in-class approach; 
analytics as in most demanding applications



Emerging Trends,  Changing Focus
• From syntax/structure to semantics
• From techniques that focus on either unstructured data (text) 

or structured content, to both types and semi-structured data
• From directly analyzing data (warehousing and mining) 

to ontology based processes of creating high quality metadata 
and analyzing metadata 

• From search and browsing for delivering relevant documents; 
from locating entities within contents to discovering complex 
relationships and delivering actionable information with 
insights; 
from semantic search to integration, mining, analytics 



Empirical observations based on real-world efforts 
• Comprehensive commercial products support development Ontology-based 

information systems and Semantic Applications
– Several commercial companies with offerings that vary from tools

to comprehensive enterprise software platforms
– Deployed, business critical applications can be found
– Applications validate the importance of ontology  the current 

semantic approaches
– Significant impact of academic research in early stage companies

• Empirical observations in this talk are based on development of several 
real-world ontologies and implemented/deployed semantic applications by 
Semagix and its partners/customers

http://www.semagix.com/


Semantic Web in a nutshell

• Ontology as the centerpiece
• Metadata that associate meaning to content
• Computing (complex querying, inferencing, other 

reasoning) that support semantic applications



Ontology-driven Information System Lifecycle
Building a scalable and high 

performance system with support 
for:

• Ontology creation and maintenance
• Knowledge-based (and other 

techniques) supporting Automatic 
Classification

• Ontology-driven Semantic Metadata 
Extraction/Annotation

• Utilizing semantic metadata and 
ontology

– Semantic 
search/querying/browsing
– Information and application 
integration - normalization
– Analysis/Mining/Discovery –
relationships

Schema
Creation

Ontology Population

Metadata Extraction

BSBQ Application 
Creation

Analytic
Application
Creation

Ontology API

MB KB

http://www.semagix.com/


Central Role of Ontology

• Ontology represents agreement, represents common 
terminology/nomenclature

• Ontology is populated with extensive domain knowledge 
or known facts/assertions

• Key enabler of semantic metadata extraction from all forms of content:
– unstructured text (and 150 file formats)
– semi-structured (HTML, XML) and 
– structured data

• Ontology is in turn the center price that enables
– resolution of semantic heterogeneity 
– semantic integration
– semantically correlating/associating objects and documents
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Types of Ontologies (or things close to ontology)
• Upper ontologies: modeling of time, space, process, etc
• Broad-based or general purpose ontology/nomenclatures: Cyc, CIRCA 

ontology (Applied Semantics), SWETO, WordNet ; 
• Domain-specific or Industry specific ontologies

– News: politics, sports, business, entertainment
– Financial Market
– Terrorism
– Pharma
– GlycO
– (GO (a nomenclature), UMLS inspired ontology, …)

• Application Specific and Task specific ontologies
– Anti-money laundering
– Equity Research
– Repertoire Management

Fundamentally different approaches in developing ontologies 
at the two end of the above spectrum 

http://www.semagix.com/


Expressiveness Range: Knowledge Representation and Ontologies 

Catalog/ID

General
Logical

constraints

Terms/
glossary

Thesauri
“narrower

term”
relation

Formal
is-a

Frames
(properties)

Informal
is-a

Formal
instance

Value 
Restriction

Disjointness, 
Inverse,
part of…

Simple
Taxonomies

Expressive
Ontologies

Wordnet
CYCRDF DAML

OO
DB Schema RDFS

IEEE SUOOWL
UMLS

GO

KEGG TAMBIS

EcoCyc

BioPAX

GlycOSWETO

Pharma

Ontology Dimensions After McGuinness and Ontology Dimensions After McGuinness and FininFinin



Building ontology

• Three broad approaches:
– social process/manual: many years, committees

• Can be based on metadata standard
– automatic taxonomy generation (statistical clustering/NLP): 

limitation/problems on quality, dependence on corpus, naming
– Descriptional component (schema) designed by domain experts; 

Description base (assertional component, extension) by automated
processes

Option 2 is being investigated in several research projects; 
Option 3 is currently supported by Semagix Freedom



Ontology can be very large

Semantic Web Ontology Evaluation Testbed – SWETO v1.4 
is

• Populated with over 800,000 entities and over 1,500,000 
explicit relationships among them

• Continue to populate the ontology with diverse sources 
thereby extending it in multiple domains, new larger 
release due soon

• Two other ontologies of Semagix customers have over 10 
million instances, and requests for even larger ontologies 
exist



GlycO

• is a focused ontology for the description of glycomics
• models the biosynthesis, metabolism, and biological 

relevance of complex glycans
• models complex carbohydrates as sets of simpler structures 

that are connected with rich relationships



Ontology schema can be large and complex

GlycO statistics now (and growing)
• 767 classes
• 142 slots
• Instances Extracted with Semagix Freedom:

– 69,516 genes (From PharmGKB and KEGG)
– 92,800 proteins (from SwissProt)
– 18,343 publications (from CarbBank and MedLine)
– 12,308 chemical compounds (from KEGG)
– 3,193 enzymes (from KEGG)
– 5,872 chemical reactions (from KEGG)
– 2210 N-glycans (from KEGG)



GlycO taxonomy
The first levels of 
the GlycO
taxonomy

Most relationships 
and attributes in 
GlycO

GlycO exploits the 
expressiveness of OWL-DL.
Cardinality constraints, value 
constraints, Existential and 
Universal restrictions on Range 
and Domain of properties allow 
the classification of unknown 
entities as well as the deduction 
of implicit relationships.



Query and visualization



Query and visualization



A biosynthetic pathway

GNT-I
attaches GlcNAc at position 2

UDP-N-acetyl-D-glucosamine + alpha-D-Mannosyl-1,3-(R1)-beta-D-mannosyl-R2
<=> 

UDP + N-Acetyl-$beta-D-glucosaminyl-1,2-alpha-D-mannosyl-1,3-(R1)-beta-D-mannosyl-$R2 

GNT-V
attaches GlcNAc at position 6

UDP-N-acetyl-D-glucosamine + G00020 <=> UDP + G00021 

N-acetyl-glucosaminyl_transferase_VN-glycan_beta_GlcNAc_9
N-glycan_alpha_man_4



Semagix Freedom Architecture: for building ontology-driven information system

© Semagix, Inc.

http://www.semagix.com/


1. Ontology Model Creation (Description) 2. Knowledge Agent Creation

Ontology Creation and Maintenance Steps

Ontology

Semantic Query 
Server

3. Automatic aggregation of Knowledge4. Querying the Ontology
© Semagix, Inc.

http://www.semagix.com/


The Evolution of Meta Data

The more sophisticated 
technologies:

•Provide scalability and flexibility

•Handle all types of data 
(unstructured, semi-structured, 
structured)

•Accommodate SmartQuerying
– flexible, intelligent querying

•Create SmartData – enhancing 
raw data with context and 
relationships

•Enable powerful enterprise 
decisionmaking

http://www.semagix.com/


WWW, Enterprise
Repositories

METADATAMETADATA

EXTRACTORSEXTRACTORS

Digital Maps

Nexis
UPI
AP
Feeds/

Documents

Digital Audios

Data Stores

Digital Videos

Digital Images
. . .

. . . . . .

Create/extract as much (semantics)
metadata automatically as possible, from: 

Any format (HTML, XML, RDB, text, docs)
Many media
Push, pull
Proprietary, Deep Web, Open Source

Metadata extraction from heterogeneous 
content/data



Metadata Extraction and Semantic Enhancement

[Hammond, Sheth, Kochut 2002]

http://www.semagix.com/


Semantic
Annotation/
Metadata
Extraction

+
Enhancement
[Bancroft, Hammond, Sheth]

http://www.semagix.com/


Automatic Semantic Annotation

Limited tagging
(mostly syntactic)

COMTEX Tagging

Content
‘Enhancement’
Rich Semantic 

Metatagging

Value-added Semagix Semantic Tagging

Value-added
relevant metatags
added by Semagix
to existing 
COMTEX tags:

• Private companies 
• Type of company
• Industry affiliation
• Sector
• Exchange
• Company Execs
• Competitors

© Semagix, Inc.

http://www.semagix.com/


Customer Needs Driving Innovation
Horizontal Needs 

Content 
Exploitation
•Understand and leverage 
siloed data
•Increase worker productivity
•Better KM across 
enterprises

Knowledge 
Discovery
•Access/leverage universe of 
data
•More accurate 
competitive/threat 
assessment

Competitive 
Advantage
•Outmaneuver competitors
•Improve enterprise decision 
making
•Less damage control

AML
•Comply with current/future 
regulations
•Ensure broker/trade 
compliance
•Reduce risks and costs
•Enhance CRM

Homeland Security
•Improve intelligence 
gathering/analysis
•Enable information 
sharing/preserve security
•Create effective first 
responder programs

Pharmaceuticals
•Represent/update known 
data 
•Expedite drug discovery 
process
•Enhance speed-to-market
•Reduce redundancy
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• Pharmaceuticals: intelligent literature 
search/mining, drug discovery

• Government and Intelligence
• Glycomics: semantic annotation of scientific (e.g., 

mass spectroscopy) data, complex processes with 
bioinformatics web services



VideoAnywhere and Taalee Semantic Search Engine (2000)

BLENDED BROWSING & QUERYING INTERFACEBLENDED BROWSING & QUERYING INTERFACE

ATTRIBUTE & KEYWORD
QUERYINGATTRIBUTE & KEYWORD

QUERYING

uniform view of worldwide 
distributed assets of similar type

SEMANTIC BROWSINGSEMANTIC BROWSING

Targeted e-shopping/e-commerce

assets access



Blended Semantic Browsing and Querying 
(Intelligence Analyst Workbench): 2002

http://www.semagix.com/


Visualizer Content: BSBQ Application

http://www.semagix.com/


Semantic Information Integration in Portals

Sample 
content item 

that is 
explicitly or 
implicitly 

associated 
semantically 
to facets in 
user profile

User profile as 
a context for 

semantic 
integration of 
diverse yet 

relevant 
content 

Semantic 
integration 

and 
presentation 
of various 
types of 

personalized 
content items 
in one place

http://www.semagix.com/


Focused 
relevant
content 

organized
by topic

(semantic 
categorization)

Automatic Content
Aggregation
from multiple 

content providers 
and feeds

Related relevant 
content not 

explicitly asked for 
(semantic 

associations)

Competitive 
research 
inferred 

automatically

Automatic 
3rd party 
content 

integration

Equity Research Dashboard with Blended Semantic Querying and Browsing

http://www.semagix.com/


Semantic Integration of Heterogeneous Data for AML application 

User will be able to navigate 
the ontology using a number 
of different interfaces 

World Wide 
Web content

Public 
Records

BLOGS,
RSS

Un-structure text, Semi-structured Data

Watch Lists
Law 

Enforcement Regulators

Structure Government Data

Snippets is displayed base 
on best match to entities

Scores the entity 
based on the 
content and entity 
relationships

Establishing
New Account



CIRAS KYC Check

http://www.semagix.com/


Visualizer Content: BSBQ Application

http://www.semagix.com/


CIRAS KYC Check Associations

http://www.semagix.com/


View Risk Scores for a specific company or customer

http://www.semagix.com/


European Law Enforcement Agency – Case Study

To identify and target prolific offenders by creating a holistic view of crime incident data 
and related entities

Needs / Business Requirements
•Merge and link case data from multiple sources using effective identification and 
disambiguation of entities associated with cases
•Link cases to a taxonomy of modus operandi based on analysis of unstructured textual 
information such as witness statements and crime reports
•Ability to use pre-defined or investigation-specific case profiles for search and match, with 
matching determined by configurable scoring of case attributes and associated entities
•Positive and negative searching of cases based on presence /absence of key characteristics or 
behaviours
•Ability to explore and browse case data starting from any specific associated entity via link 
analysis and intelligent entity identification and annotation in supporting unstructured textual 
documents

System Requirements
•Several hundred users
•Integrate with enterprise single 
sign-on systems

Technical Challenges
•Handle extremely large scale datasets – in 
excess of 10 million incidents – with a very high 
rate of daily incremental update
•Enforce visibility and privacy rules appropriate to 
the user and the available data sets
•Identify case behaviours / modus operandi in 
unstructured text

Results
•Superior and more timely 
identification of prolific officers
•Better prioritization of cases
•Greater investigator productivity 
and effectiveness



FREEDOM
ONTOLOGY

Knowledgebase
And

Metabase

AUDIT

PROLIFIC
OFFENDERS

QUERY
ONTOLOGY

Boolean/Partial
Navigate
Drilldown

Web Browser
Screen Flow

RDBMS (Oracle9i)
MATERIALIZED

VIEWS

SES
People Spotting

STATIC
and

DYNAMIC
SQL

SEMAGIX FREEDOM
APACHE Web Server, TOMCAT Web/Java App Server, Oracle9i

(DHTML, CSS, JavaScript, JAVA, JSP, XML, XSL, SQL)
(HTTP, HTTPS, SSL, JDBC, OCI, FCGI)

Red Hat Linux Enterprise Server
---------------------------------------------------------------

INTEL 32bit HARWARE

Authentication

Secure/Encryption

Scalable
(users, response, 

data)

Available 24x7

European Law Enforcement Agency – Architecture Overview



SemDIS Prototype: Relationship Discovery

• SemDIS project
– Discover relationships 

between entities in 
semantic knowledge 
bases

– For prototype, use a 
subset of SWETO as a 
dataset



Turn Ranking On



Configure Ranking Schema with Context in ‘Colleges’ and 
‘Academic Depts.’



Returns Ranked Results



Ontology Quality

• Many real-world ontologies may be described as semi-formal 
ontologies 
– populated with partial or incomplete knowledge
– may contain occasional inconsistencies, or occasionally 

violate constraints (e.g. all schema level constraints may 
not be observed in the knowledgebase that instantiates the 
ontology schema)  

– often ontology is populated by many persons or by 
extracting and integrating knowledge from multiple sources 

– analogy is “dirty data” which is usually a fact of life in 
most enterprise databases.

http://www.semagix.com/


Ontology Representation Expressiveness

• Applications vary in terms of expressiveness of representation 
needed.

• Trade-off between expressive power and computational 
complexity applies both to knowledge creation/maintenance 
and to  inference mechanisms for such languages. It is often 
very difficult to capture the knowledge that instantiates the 
more expressive constructs/constraints. 

• Many business applications end up using models/languages 
that lie closer to less expressive languages. 

• On the other hand, we have seen a few applications, especially 
in scientific domains such as biology, where more expressive 
languages are needed, and OWL-Full or FOL is not adequate.

http://www.semagix.com/


Ontology Size / Population / Freshness

• Ontology population is critical. Among the ontologies 
developed by Semagix or using its technology, a median size 
of ontology is over 1 million instances/facts and relationship 
instances each (at least two have exceeded 10 million 
instances).  This level of knowledge makes the system very 
powerful (as it is applied . Furthermore, in many cases, it is 
necessary to keep these ontologies current or updated with 
facts and knowledge on a daily or more frequent basis.  Both 
the scale and freshness requirements dictate that populating 
ontologies with instance data needs to be automated.

http://www.semagix.com/


Metadata Extraction 
Large scale metadata extraction and semantic annotation is 

possible. IBM WebFountain [Dill et al 2003] demonstrates the 
ability to annotate on a Web scale (i.e., over 2.5 billion pages), 
while Semagix Freedom related technology [Hammond et al 
2002] demonstrates capabilities that work for a few million 
documents per day per server.  However, the general trade-off 
of depth versus scale applies. Storage and manipulation of 
metadata for millions to hundreds of millions of content items 
requires database techniques with the challenge of improving 
performance and scale in presence of more complex structures

http://www.semagix.com/


Semantic Technology Building Blocks

• A vast majority of the Semantic (Web) Technology 
Applications that have been developed or envisioned rely on 
three crucial capabilities: ontology creation, semantic 
annotation (metadata extraction) and 
querying/inferencing.  Enterprise-scale applications share 
many requirements in these three respects with pan Web 
applications.  All these capabilities must scale to many 
millions of documents and concepts (rather than hundreds to 
thousands) for current applications, and applications requiring 
billions of documents and concepts have also been discussed 
(esp. in intelligence and government space) but not yet 
deployed.

http://www.semagix.com/


Primary Technical Capabilities/Key Research Challenges

• Two of the most basic “semantic” techniques are “named entity 
identification”, and “semantic ambiguity resolution”. [It would 
be nice to have relationship extraction too.]  A tool for 
annotation is of little value if it does not support ambiguity 
resolution.  Both require highly multidisciplinary approaches, 
borrowing for NLP/lexical analysis, statistical and IR techniques 
and possibly machine learning techniques. A high degree of 
automation is possible in meeting many real-world semantic 
disambiguation requirements, although pathological cases will 
always exist and complete automation is unlikely. 

http://www.semagix.com/


Content Heterogeneity
• Support for heterogeneous content is key – it is too hard to 

deploy separate products within a single enterprise to deal with
structured, semi-structured and unstructured data/content 
management.  New applications involve extensive types of 
heterogeneity in format, media and access/delivery 
mechanisms (e.g., news feed in RSS, NewsML news, Web 
posted article in HTML or served up dynamically through 
database query and XSLT transformation, analyst report in 
PDF or WORD, subscription service with API-based access to 
Lexis/Nexis, enterprise’s own relational databases and content 
management systems such as Documentum or Notes, e-mails, 
etc). Semi-structured data (XML-based data and RDF based 
metadata) is growing at an explosive rate. 

http://www.semagix.com/


Processing
• Semantic query processing with the ability to query both 

ontology and metadata to retrieve heterogeneous content is 
highly valuable. Consider “Give me all articles on the 
competitors of Intel”, where ontology gives information on 
competitors, supports semantics (with the understanding that 
“Palm” is a company and that “Palm” and “Palm, Inc.” are the 
same in this case), and metadata identifies the company to which
an article refers, regardless of format of the article.   

• Analytical applications could require sub-second response time 
for tens of concurrent complex queries over a large metadata 
base and ontology, and can benefit from further database 
research.  High performance and highly scalable query 
processing techniques that deal with more complex 
representations compared to database schemas and with more 
explicit roles of relationships, is important.  Have not found 
great use of DL reasoning.

http://www.semagix.com/


Conclusion
• Great progress from work in semantic information 

interoperability/integration of early 90s until now, re-energized 
by the vision of Semantic Web, related standards and 
technological advances

–Standards defined by W3C are very timely and are bringing 
some level of interoperability

• No longer an exotic technology 
–beyond proof of concept and now facing main stream 
engineering challenges
–some industries very open to ontologies
– in other industries applications hide semantic technologies

http://www.semagix.com/


Conclusion
• Great progress from work in semantic information 

interoperability/integration of early 90s until now, re-energized 
by the vision of Semantic Web, related standards and 
technological advances

• Technology beyond proof of concept
• But difficult research and engineering challenges ahead
• Researchers should be mindful of state of the art commercial 

technologies and real applications

http://www.semagix.com/


For Further Information

• Article in Data Engineering special issue on Making the Semantic Web 
Real (Dec. 2003) 
http://wwwt.semagix.com/documents/SemanticWebTechinAction.pdf

• Commercial Technology: http://www.semagix.com/download.html
• Research: Semantic Association and Semantic Discovery Projects: 

http://lsdis.cs.uga.edu/proj/proj.html
• Publications and Presentations: http://lsdis.cs.uga.edu/lib/lib.html

http://wwwt.semagix.com/documents/SemanticWebTechinAction.pdf
http://www.semagix.com/download.html
http://lsdis.cs.uga.edu/proj/proj.html
http://lsdis.cs.uga.edu/lib/lib.html
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