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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: 37
Where we have come from, where we are going

Semantics (Ontology, Context, Relationships, KB)
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o Federated Databases Research
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Outline

e 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

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



Emerging Trends, Changing Focus

e From syntax/structure to semantics

* From techniques that focus on either unstructured data (text)
or structured content, to both types and semi-structured data

e 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

o 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
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Semantic Web in a nutshell

e Ontology as the centerpiece
e Metadata that associate meaning to content

e Computing (complex guerying, 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

Creation

it s techniques) supporting Automatic
Apgli:):tli(;n Ontology API Ontology Population C I ass |f| Catl on

e Ontology-driven Semantic Metadata

Extraction/Annotation
« Utilizing semantic metadata and

ontology
— Semantic
B — “ search/querying/browsing
O ] Vetadata Extacton — Information and application
%/ integration - normalization
................................................ ' — Analysis/Mining/Discovery —
relationships
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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
e Ontology is in turn the center price that enables
— resolution of semantic heterogeneity
— semantic integration
— semantically correlating/associating objects and documents



Broad Scope of Semantic (Web) Technology (7 %)
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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
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EXpreSSiveneSS Range: Knowledge Representation and Ontologies

. KEGG TAMBIS BioPAX
Thesauri
“narrower I$jointness,
term” Formal Frame_s nverse,
relation Is-a (properties)
Catalog/ID DB Schema_ UMLS __ RDF RDFS_ CYC
Terms/ Informal _Formal Val Gengral
glossary IS-a INStance| Restri Log!ca]
onstraints
GO SWETO GlycO
EcoCyc
Pharma

Ontology Dimensions After McGuinness and Finin
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Building ontology

o 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

 |s 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)

e 767 classes

o 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
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The first levels of
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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.
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Query and visualization

[Ortolagy | GlycO
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Description and Provenance Information for residue © & residue is a subunit of a polymer. For biopolymers, hydrolysiz breaks bonds between the residues to generste a collection of small molecules
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Query and visualization
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Semagix Freedom Architecture: for building ontology-driven information system
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The Evolution of Meta Data

The more sophisticated
technologies:

Types of Meta Data and
Semantic Annotations

*Provide scalability and flexibility

o *Handle all types of data

Ontologies

(e., Business) . (unstructured, semi-structured,
ol ,}1\. B.;_,'=:r
Semantic Meta Data ﬁ.,\ﬂ‘%ﬁ“ structu red)
Company, Headguarters, Ticker, ,Ep‘h \.;5""" .
Exchange, Industry, Executives, etc. W’ sAccommodate SmartQuerying

{e.g., Sam Palmisano CEQ of IBM Corp.)

Structural Meta Data
Document Structure: DTDs, X501
Clustering and Similarity Processing: Concept Extraction

Syntactic Meta Data
Language, Format, Document Length, Creation Date, Source,
Audio Bit Rate, Encryption, Affiliation, Date Last Reviewed, Authorization, eft.,

Data *Enable powerful enterprise
/ \ decisionmaking

— flexible, intelligent querying

«Create SmartData — enhancing
raw data with context and
relationships

Structured, Semistructured and Unstructured
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LSDIS

Metadata extraction from heterogeneous
content/data

Nexis Digital Videos
UPI
AP A
Feeds/ Data Stores
. Documents
WWW, Enterprise Digital Maps
Repositories 703
SRS
a3y s
Digital Audios

Digital Images

EXTR ORS
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Metadata Extraction and Semantic Enhancement
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Semantic

Annotation/

Metadata

Extraction
+

Enhancement

[Bancroft, Hammond, Sheth]

Blue-chip bonanza continues

_company | company _company
lDow above 9, uuiuas HP, lead advance; Microsoft upgrade helps techs.
date
‘August 22, 2002: 11:44 AM EDT |

By Alexandra Twin, CNN/Money Staff Writer

oy
New York (CNN/Money) - An upgrade of software leader Microsoft and strength in blue chips including
Ak L .4 Sai
Heef. Packard and Ko Depo wee atang te fatrspushingsocks igher atmidday Thursday
with the [ mencingume above the 9,000 level.

tirme | dex

Around 11:40 a.m. ET, H'EEaldeEDEthMDQ continuing a more
date stock exchange
mn1mmwwmmwmgimﬂg1ztﬁ1ﬁ183?
_ financialindex

rose 9.61 to 958.97.
Hewlett-Packard ( HPQ: up/$0.33/to $15.03, Research, Estimates) said a report shows its share of
tl'lepnntermarketgrewmmemndquarter alﬂ'nughmomerrepurtshmdmatltsshareofﬂ!e
- region
oumpmﬂservermarketdacuned nEm ﬂwﬂlﬁdlafa&isnd&ﬁlﬁi
Hnma_nemﬂﬂn up’% %m; aﬂesearch Estimates) was up for the third straight day after
topping fiscal second-quarter eamngs estimates on Tuesday.
Tech stocks mmagedatlmaround Mwnﬁmwmns&aﬁmwﬂumm
Ma. 1soﬂwaremakermmmqmﬂ? up 50 '{togszfénm Estlrnatas]to"nulpaﬂom'l’
from "neutral” mdmmedﬁspﬁoeiargettomlﬁ'mg% B.:sinasssuﬂwaramakersm
( ORCL: up%qtag‘ &Raseamh Estimates), W{EEE[ up[ 1 1%&%
 company  stockSym ’I'
Research, Estimates) andﬂE&flmms{REﬂE up/$0.28to $7.12, Research, Estimates)

all rose in tandem.
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Automatic Semantic Annotation
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StockSymbol" Value="P" /=

</Property =
«/DescriptiveMetadata=
- = Contentltern >

<MediaType Formallam
<MimeType FormalName="text/wnd.IPTC.NITF" /=

- =DataContent>

"Text" /=

POWER - THROLMGH = RELEVAMNCE

=
]

Language ForrmalMare:
Property FarmalMam

PublicCompany" Yocabulary

YRR A

P /=

e v pePetroleaTTtoT
<Property Formalbame="StockSymbol" Value=
<Property Formallame="Competitor"s=

<Property Formallame="CompanyName" Value="BP p.l.c." /=
</Property =
<Property Formallame="Competitor"=

<Property Formallame="CompanyMame" Value="Ultramar Diamond Shamrock
</Property =
<Property Formallame="Competitor"=

<Property Formallame="CompanyMame" Value="Royal Dutch/Shell Group" /=
=/Property =
<Property Formallam

yiaT

"Headquarters" Yalue="Bartlesville, Oklahoma, United &

<Property Formalbam StockExchange" Valus="NYSE" />

=<Property Formallam Sector" Yalue="Energy" /=

<Property Formallame="Industry" Value="Integrated Dil and Gas" />

"CompanyExecutive" Value="Augustine, Norman R.">

CompanyExecutive" oren, David L."=

CompanyExecutive" happell, Ir., Robert E." =

CompanyExecutive" Devlin, Robert"=

CompanyExecutive" Horner, Larry D." >

CompanyExecutive" Roy, 1. Stapleton"=

<Property Formalllame="CompanyExecutive" obias, Randall L." =

<Property Formallam CompanyExecutive" schinkel, ¥ictoria 1.">
«Property Formallame="CompanyPosition" Yalue="Director" /=

=</Property =

<Property Formallame="CompanyExecutive" Value="Turner, Kathryn C.">
<Property Formallame="CompanyPosition" Value="Director" />

</Property =

<Property Formallame="CompanyExecutive" Value="Meyers, Ph.D., Kevin"=>
«Property FormalName="CompanyPosition" Yalue="Executive ¥ice President, A

=/Property =

<Property Formalbame=
<Property FarmalMam

</Property =

<Property Formallame="CompanyExecutive"
<Property FarmalMam CompanyPosition"
«Property Formallame="CompanyPosition"

</Property =

<Property Formallame
<Property Formallam
<Property Formallam

</Property =

<Property Formalkame
<Property FarmalMam
<Property Formallame;
«Property FormalName=

=/Property =

<Property Formallame="CompanyExecutive"
«Property Formallam CompanyPositi
<Property Formallame="CompanyPo
<Property Formallam CompanyPosition"

<Property Formalbam
<Property Formallam
<Property Formalbam

ompanyExecutive" Value="Lowe, John"=
"CompanyPosition" Yalue="Senior Vice President, Planj

Value="Mulwa, 1. 1.">
“alue="Chairman of the Board" />
Walue="Chief Executive Officer" />

value="Batchelder, E. L.">
Walue="¥ice President" />
‘Yalue="Chief Information Officer" /

ompanyExecutive"
CompanyPosition"
CompanyPosition"

Value="Whitworth, 1. Bryan":=
alue="Chief Administrative Office
alue="Executive ¥ice President" /
“alue="General Counsel" /=

"CompanyExecutive"
CompanyPosition"
CompanyPo
CompanyPosition"

Valug="Carrig, John"=>
“alue="Chief Financial Officer" /=
‘Value="Senior Yice President" />
Value="Treasurer" /=

IPTOperty &

&

Froperty =
Property FormalMame="PrivateCompany" Yalue="Shell 0il Co."=
<Property Formallame="Competitor"s=

<Property Formallame="CompanyMName" Value="BP p.l.c." /=
</Property =
<Property Formallame="Competitor">

<Property Formallame="CompanyMName" Value="Chevron Corp." />
</Property =
<Property Formallame="Competitor"=

<«Property Formallame="CompanyMName" Valus="Exxon Mobil Corp." />
</Property =
<Property Formallame="Headquarters" Yalue="Houston, Texas, United States of
<Property FormalMame="Sector" Value="Energy" />
=Property FormallMame="Industry" Yalue="Integrated Dil and Gas" /=

lates of A

Ameri

‘urn:newsml:comtexnews.net:20010201:DomesticPublicCompanies:1">

Content
‘Enhancement’
Rich Semantic

Metatagging

erations" /=

Strategic Transactions" /=

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

« Private companies
* Type of company
* Industry affiliation
 Sector

» Exchange

» Company Execs

« Competitors

T
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Customer Needs Driving Innovation

Industry Needs

Horizontal Needs

Content

Exploitation

*Understand and leverage
siloed data

Increase worker productivity

Knowledge

Discovery

*Access/leverage universe of
data

*More accurate

Competitive
Advantage

«Outmaneuver competitors

eImprove enterprise decision
making

*Better KM across competitive/threat sLess damage control
enterprises assessment
AML Homeland Security | Pharmaceuticals

*Comply with current/future
regulations

*Ensure broker/trade
compliance

*Reduce risks and costs
*Enhance CRM

sImprove intelligence
gathering/analysis
*Enable information
sharing/preserve security
*Create effective first
responder programs

*Represent/update known
data

*Expedite drug discovery
process

*Enhance speed-to-market
*Reduce redundancy




 Pharmaceuticals: intelligent literature
search/mining, drug discovery

« Government and Intelligence

e Glycomics: semantic annotation of scientific (e.g.,
mass spectroscopy) data, complex processes with
bioinformatics web services



VideoAnywhere and Taalee Semantic Search Engine (2000)

Eile

Back Forward FReload H‘Dme Frint Security Stp
§ Bookmarks A LDCﬁtIDnZIhtlp:,-",fadept.cs.uga.edu,a’\a’ideaAnywhere,"search.htm

B Instant Message Wiahhail Contact People Yellow Pages Download [ Channels

Search MNetscape

Targeted e-shopping/e-commerce

amazon.com LD
* BOOKS | MUSIC VIDEO GIFTS |e-CARDS [AUCTIONS| YOUR ACCOUNT
SEARCH BROWSE TOP NEW & FUTURE KIDS & AWARDS &
VIDEO GENRES SELLERS RELEASES DvD FAMILY RECOMMENDATIONS

Search Video

+| @& wh

Your Search Results
53| Wwe found no matches for keywords: "AlientResurrectiont . Below are results for
© VHS only

include "alien resurrection”. If you prefer, you may try another search.
ATTRIBUTE & KEYWORD o ey T tehes for thi .
< ormats Oop matches ror IS searcn:
QUERYING P

- Alien Reswrrection (1997) -- Sigourney Weaver, Winona Ryder;, VHS
- Alien Reswrrection (1997) -- Sigourney Weaver, Winona Ryder; DVD
Search Video - Alien Resurrection (1997) -- S8igourney Weaver, Winona Ryder; VHS Widescreel

Title, Actor,
_ I Director Full Results: 5 items are shown below.
Title | Alien ;

Yideo Search

T Tips Alien l_lesu.rrection = VHS
Contents |

Sigourney Weaver, Winona Ryder / Subtitled in Spanish

Qur Price: $12.99 ~ You Save: $1.99 (13%)
Classificati |Mowe Assets-Movies

Read more about this title...

= All Assets

= Buginess

A Movie Assets

B Film Festivals
B Interviews

Bl Movies

Bl Reviews

O News

=4 Travel

Search Results

assets access
Mﬁn #i low_alienrest asx - Windows M... [H=] E3
SEMANT'C BROWSING File View Flay Fawortes Go Help
é—sﬂ [Ciar] Alien-Resurrection "":I —

e ﬁ Showcase

|,“|ien Resurrection @ MoV [fj

== tails Alien Resurrection @ Mo ‘@

I ~icr-Resurrection Alien Resurrection @ ‘Asx ‘@

-

|

v

|
v

-
&
L
|_Y

Sigourney Weaver Winona Ryder

The experiments begin. An unhaly combination of human Alien Resurrection | @ asx | é
and alien genetics, made possible by an uneasy alliance |

between a renegade band of smugglers and a zealous
cadre of scientists and officials. One subject is familiar -- ——
awoman horrifically linked to the alien species that now
elicits so much scruting. Ripley is back and all is not what
it seems. . Alien Resurrection stars Sigourney Weaver as
Ripley, the rale she ariginated in Ridley Scott's 1979
classic, Alien, and reprised in James Cameron's Aliens
(forwhich she received an Academy Award nomination)




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

File  Edit

Wiew  Favortes

Tooks  Help Send

l Ahmed lbrahim al MaggarJone of 12 handed over to
i mmer, wore the red clothing of

Wost of the defendas
Islamic mavement
knawn to be closely

rnasterminding attacks on American embassies in east
Africa last year.

All nine of the condernned
men are lving as fugitives

Eleven others, corvicted of
1 conspiring to overthrow the
governiment, received life

sentences with hard labour

Same ofthe men have known
links with Osama Bin Laden .
They included several

militants extradited from other countries.

a condemned man because he had been sentenced to
death in an earlier trial for plotting an attack on Caira's
Khan al-Khalili market - a major tourist attraction

| o

€]

o Intemet

Knowledgebase Browse:

M bin Laden, Osama
Classifications:

personinTheMews

outside Egypt. They include Aliases:
I
e Jihad leader, Ayman al Eiiiaian
g s I Osama

hin Laden, Osama memberOf organization:

I~ 4l Qaeda

Search for Staries

Pager 1 2 3 4 5 B 7

Precise Matches:

=]

Blair predicts Bin Laden Killing
The likely cuteome of US-led military action in Afgh anistan is the
death of 11 September suspect Osama Bin Laden, the Uk

Carmen bin Laden
In an exelusive interview Caimen bin Laden, the wite of an older
brother of Osama bin Laden, speaks frankly about her..

Rumsfeld: We'll yet Bin | aden®
US Defence Secretary Rumsfeld says his comments to a newspaper
that Bin Laden may never be found have been overstated

Anthrax detected at facility handling White House mails

Anthig has been detected at the mail facility that handles mail

Kuwait fears Bin Laden funding link
The BBC's Frank Gardner reports on alleged links betmeen some
Kuwati sharities and 0sama Bin Laden's al-Qaeda network.

US steps up attacks on Taliban, as winter nears
With winter barely three weeks away, the US is escalating its air
sttacks on Afghanistan's ling Taliban, hoping to topple

British special forces to help US find Osama; report
Britain has agreed to a US request to deploy all its Special Air
Senice (SA5) forces to by and help smoke out terrorist...

© Eliminate Bin Laden, CIA told

President Bush has given the ClA sweeping powers to remove the
threat from the al-Qaeda terorist netwotk, it is revealed.

Eliminate Bin Laden, CIA told
President Bush has given the Cl& sweeping powers to remove the
threat from the al-Qaeda terorist netodk, it is revealed

* Bin Laden 'received UN cash®

A BB investigation reveals the UN onse funded a charity
suspected of being a frant for Gsama Bin Laden.

Page: 1 2 3 4 8 6 7
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Kuwsait fears Bin Laden funding link
The BBC's Frank Gardner reports on
alleged links between some Kuwaiti
charities and Osama Bin Laden's al-

Feople:

Organizations:

&l Gaeda

bin Laden, Osama

Claeda network. Locatian: Kuweait, Middle East
hiedia: video

Wieww Complete Sto
Praduced by: BEC

Click to play: EeraTe i
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Visualizer Content: BSBQ Application
(Hem | Content_|[Knowledge | {|[zoom v ][4l 7 3]

Search Results for: drug Procrit in category Medical | B i - -
“| | procrit ity ) ]
FDA& notifications. Watch out for counterfeit Procrit, 2 lot 13 | - | | And Bt | Classes Instances

ition awailable) A T
ptien available) Content Details B

The obj i 3 o a: Cancer-related anemia commaonly is associated with fatigue and
darbepoetin alfa (Aanesp’ 2
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Semantic Information Integration in Portals

JAgdless I@ hittp://beta knowledgeples, orgftapic. html?o=246 j @Go J EIE N JLinks @Samagiﬁ Ermail @Hotmai\ @Haliabletnm @The Hub @Yahoo! Groups @CNN.com @Dasiﬂadio

Workforce Development

* Housing Prezeruation /
Expiring Use
Multifamily Houzing

- Property Management

BCONOMmIc development programs.

The professional resource for affordable housing and community development

Thiz page summarizes KnowledgePlex content shout Workforce Development.

wiorkforce Development is & general term to describe various efforts to improve the wark and work-readiness skils of all ctizens.
workforce development efforts are otten referred to generically s= "Job Training" of "Jobs" programs, and often administered by
single-purpose employment organizations or by muli-purpose community-improvement organizetions &= 8 part of lstger community

C

YWelcome, Yash Warke

Topic Workforce
Development

Role Public

Best Practices & Models,
Public Housing, Health
Care / Child Care

Locales GA

Roles Public

* Senior [ Special Needs
Housing
Single Family Housing

HUD's Draily Focus
. hud.g o

Some Tips on Collecting Data
fu

* Business Recruitment &
Retention

= Commercial Development §
Finance

* Historic Preservation

* Micraentarprize

- Workforce Development

waamss i org

Fundraising: Multiple Mail Appeals
v rihiorg

Fair Housing
Profile of a Healthy Fundraising Program, by Kim
Klzin

= BastPractices & Maodels
- Development & Finance
Programs

Trends in Maturalization
Fiz,Passzl, Sucher

* Homebuyer Assistance
* Mortgage Lending / Predard

g discussion
Lending

Mew Sources Of Development Finance?

Land Use & Housing
planni Affordable Housing Development & Finance

* Enwironmental Issues Success In Financing Cormmercial Deals

Sep 112029

documents more

Sep 15
2002
Calendar

Sep 14
2003

Sep 14
2003

Sep 14
2003

Sep 17

2003
Hews and
Evertts

L Zep 112030
L Economis Revitalization E
Affordability - . 4 - I
o i e Tk @ i”’_‘”;'g"?t""‘“ e [Py [l Eemileis Sep 112032
Al 3ir Housing
* Landbanking Foster Children And Su; i
pport Housing
- Planning & Zoning o e Sty i 2

- Smart Growth
* Transportation % Parking

Law Interest Rates And Mortgage Lending Abuses
Homeownership / Mortgage Makets

Organizational
Deve

Srnart Growth Partnerzhips

YECFEFELEEED

Sep 11 20036

Land Use & Housing Planning B 1 JDe

- CDC Capacity

+ Leadership / Skills Training Accountability Far Non-prafits o

- Measuring Success £ Impa Organizational Development P

s eniz stiensLEfle crvene Ida Program Growth And Success

Sleorimarce Fee e B il ele

$ i personal Fnance & Future Of Hope Vi o
Public Housing P

- Financial Literacy

+ Financial Strategies & Tool Arts & Cultural Pragram Examplas Sep 1120445
Social # Comprehensive Develapment
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Currant news on Workforce Development.

Trends in Maturalization
Fix P aszel Sucher

Farnilies that Receive Government Benefits after
Leaving Welfare Are Less Likely ta Return
Urban Institute

m Half of Welfare Recipients without Barriers are
4 working
Urban Institute

Half of Farmer Welfare Recipients Are Working ar
Worked Recently
Urban Institute

calendar

m‘ Sidebars to Cover Story
Lol

ic Hotel (Seattle, Wa)

Sep 17
2003
[read]

Sep 11
2003
[read]

Sep 11
2003
[read]

Sep 11
2003
[read]

Sep 15
2003
Journazl

Sep 15
2002

Journal

—

~\

Other topics from your 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

Anderson Gardens

Insight

USDA Hopes ta Fund Pilot Agriculture Innowvation
Centers in 2003
iz conline.arg

Sep 15
2003
Journal

Sep 15
2002
Journzl

Sep 15
2003
Study

Sample
content item
that is
explicitly or
implicitly
associated
semantically
to facets in
user profile
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Equity Research Dashboard with Blended Semantic Querying and Browsing

Automatic
3 party
content
integration

Yoquette Equity Rezearch Dashboard

E International Trading Bank

Motorola, Inc.

Symbol Change Price
MOT +0.61

VYolume

1553 8535500y

I\.-'iew maore charts..,

=

23622 PM EDT

Equity Indices
) 0

zoft Internet Explorer

Company Hews
WebLink Wireless Reveals Test 2 Voice...
Inzignia's Jeods PDS Bdition To Be n..
Altera Teams Up with Wirdginia Tech Re...

0972452001
09/2452001
0951952001

COMTEX
COMTEX
COMTEX

Analysis Hews

Competitive
research
inferred
automatically

SEMAG!X
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Hotoraola Incorpors CUSD Price =
o 15. 7@
M“ "\\N 15.58
Ty 15,568
15. 1@
L4 14.98
14,78
Motorola Incorporated (USID Yo|ufb ekions 168
1.28
a.sa |
L .48
PR N " a. pe
18am 1lam 12pm  1pm 2pm  3pm 4pm Spm

“Wiew competitors.., - Lip

Resources tor motorola, Inc.
TheStreeteom | Hey Stats = Income = Cash Flovw = Broker Rating

an to audio programs...

([ wizarn SEC Financials

S Market Guide | Snapshat = Analyst Corner = Company Profile

Cogel,  Messane Boards
Pocxs Analyst Recommendstions

#AUEE Price and volume action

[uala]

Focused
relevant
content
organized
by topic
(semantic
categorization)

Related relevant
content not
explicitly asked for
(semantic
associations)

CEPB sees guality in Gualcomm 081052001 CBS Marketwatch
tderrill Dovengrades Motoralks to Mear-.. 090652001 1 Businessieek OnlineI
tdatorala 09052001 I onza :
S ———————————.
Earnings Hews Tore. .
EXPAMSION: OGILYYINTERACTIVE ESPANS F. . 09041552001 COMTEX I
LES ECHOS: STMICROELECTROMICE LOOKS F... 09/ 052001 I commex
tdatorola Reduces Third-Guarter Sales . 09/06:2001 | Bloomkerg I
—_— = e = = = = = ; [
Industry and Competition Hews [0)i=30
Techs keep falling . 090552001 CHMFMN |
Hot Stocks: Federated, hay Department ... L iy =T
Landiz acquires QUSYOMNE 1 ovmzizom I COMTEX I
— e e e e - e e o =
Market Commentary Hews =
“olatilty buffets telecom sector 08/21£2001 CBS Marketwatch
PCs, chips plunge; storade pushes up 09/ 7r2001 | BS Marketwatch
Wiorkers Return; Mot Business as Usual 098 2620 | CHBC
Mergers & Acquisitions -
Platinum Ecuity Acouires Multizervice. .. 090452001 COMTEX I
tdatorola Sees Job Cuts as Chip Lines Cut 031 302001 I crec
A Maovo Broadband Signs Binding Adgreem... 05 452001 | COMTEX l
______ o
Powered By

Automatic Content
Aggregation
from multiple

content providers

and feeds
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Semantic Integration of Heterogeneous Data for AML application

Watch Lists

Establishing

New Account

Law

Enforcement

Regulators

World Wide
Web content

Structure Government Data

Scores the entity
based on the
content and entity
relationships

Snippets is displayed base

on best match to entities

User will be able to navigate
the ontology using a number
of different interfaces
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Customer Identification and Risk Azsessment User: Larry Parker | Sign Off
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Visualizer Content: BSBQ Application
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View Risk Scores for a specific company or customer
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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 Technical Challenges Results
-Several hundred users *Handle extremely large scale datasets — in «Superior and more timely
*Integrate with enterprise single | excess of 10 million incidents — with a very high identification of prolific officers
sign-on systems rate of daily incremental update «Better prioritization of cases
*Enforce visibility and privacy rules appropriate to | «Greater investigator productivity
the user and the available data sets and effectiveness

e|ldentify case behaviours / modus operandi in
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Associations Found

Results 1 - 10 of 47. Search took: 4.289 seconds

1. Chee-Keng Yap =faculty_member_at: New York University Department of Computer Science
chas_academic_departments New York University clocated_in» New York clocated_in: Columbia
University =has_academic_department: Columbia University Department of Computer Science
=faculty_member_at» Ravi Ramamaoorthi

2. Chee-Keng Yap =listed_author_in Refinement Methods for Geometric Bounds i in Constructive Solid
‘Geometry. cpublished_in:» ACM Trans. Graph. cpublished_inz F space
rendering. =listed_author_ind Ravi Ramamoorthi

3. Chee-Keng Yap clisted_author_in> Refinement Methods for Geometric Bounds in Constructive Solid
‘Geometry. =published_in# ACM Trans. Graph. =published_inz Chromium: a stream-processing
framework for interactive rendering on clusters. clisted_author_in> Ren Ng clisted_author_inz All-
frequency shadows using non-linear wavelet lighting approximation. =listed_author_ins Ravi
Ramamoorthi

4. Chee-Keng Yap =listed_author_inz On k-Hulls and Related Problems. =published_ins SIAM 1.
‘Comput. =published_in® Ranking Algorithms: The Symmetries and Colorations of the n-Cube.
clisted_author_in# Jay P. Fillmore clisted_author_in» Spherical averages and applications to spherical
splines and interpolation. epublished_ins ACM Trans. Graph. cpublished_in: Frequency space
environment map rendering. clisted_author_inz Ravi Ramamoorthi

5. Chee-Keng Yap <listed_author_ins On k-Hulls and Related Problems. =published_ins SIAM 1.
Comput. =published_in» On Backtracking: A Combinatorial Description of the Algorithm.
clisted_author_in% Jay P. Fillmore clisted_author_in% Spherical averages and applications to spherical
splines and interpolation. =published_in» ACM Trans. Graph. =published_in: Frequency space
environment map rendering. clisted_author_in® Ravi Ramamoorthi

6. Chee-Keng Yap =listed_author_in» Reversal Complexity. =published_in» STAM J. Comput.
epublished_inz Ranking Algorithms: The Symmetries and Colorations of the n-Cube.
=listed_author_inz Jay P. Fillmore =listed_author_in» Spherical averages and applications to spherical
splines and interpolation. epublished_in# ACM Trans. Graph. =published_in: Frequency space
environment map rendering. =listed_author_inz Ravi Ramamoorthi

7. Chee-Keng Yap =listed authcr m:: Ileversal mplexity. =published_in» SIAM J. Comput.
=published_in> On Backti i Descrrpnorl oi the .Mgonthm clisted_author_in» Jay
P. Fillmore clisted_author_ina ical ions to spheri splmz and
interpolation. =published_in> ACM Trans. Graph cpubhshed ire F space
rendering. =listed_author_ind Ravi Ramamoorthi

&. Chee-Keng Yap clisted_author_in> Precision-Sensitive Euclidean Shortest Path in 3-Space.

=published_inz SIAM 1. Comput. cpublished_in# Ranking Algorithms: The Symmetries and Colorations

of the n-Cube. clisted_author_in> Jay P. Fillmore clisted_author_in> Spherical averages and

appllcatmrls to spherlcal splms and interpolation. =pubhshed in® ACM Trans. Graph. =published_in»
space map rendering. clisted_author_in> Ravi Ramamoorthi
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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 Iin 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.
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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.

e 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.
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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.
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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
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Semantic Technology Building Blocks

« A vast majority of the Semantic (Web) Technology
Applications that have been developed or envisioned rely on
three crucial capabilities:

. 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.
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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.
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Content Heterogeneity

e 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.
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Processing

e 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.
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Conclusion
o 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
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Conclusion
o 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

e Technology beyond proof of concept
« But difficult research and engineering challenges ahead

e Researchers should be mindful of state of the art commercial
technologies and real applications
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For Further Information

» Atrticle in Data Engineering special issue on Making the Semantic Web
Real (Dec. 2003)

http://wwwt.semagix.com/documents/SemanticWebTechinAction.pdf
o Commercial Technology: http://www.semagix.com/download.html|

* Research: Semantic Association and Semantic Discovery Projects:
http://Isdis.cs.uga.edu/proj/proj.htmi

» Publications and Presentations: http://Isdis.cs.uga.edu/lib/lib.html
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