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SW Today ¥

» Can create large populated ontologies

» Lots of manually annotated documents; can
do high-quality semantic meta-data
extraction/annotation

* Have query languages (SPARQL), RDF
guery processing, reasoning, and rule
processing capabilities
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Types of Ontologies

(or things close to ontology)

» Upper ontologies: modeling of time, space, proce&s

» Broad-based or general purpose ontology/nomenelstCyc,

WordNet ;

» Domain-specific or Industry specific ontologies
News: politics, sports, business, entertainmdsb(gee TAP ans ) (P)

Financial Market )

Terrorism (L/G)

Biology: ] ; PropeO P)
Clinical (See ) (L, P,C)

GO (nomenclature), NCI (schema), UMLS (knowledgebasé)

» Application Specific and Task specific ontologies

Risk/Anti-money laundering~), Equity Research’), Repertoire Managemerit

NeedToKnow (L/G), Financial Irregularity (L/G)

e P=Public, G=Government, L=Limited Availability,

Differnent approaches in developing ontologies:

schema vs populated; community efforts vs reusing knowledge sources
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Open Biomedical Ontologies
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Example Life Science Ontologies
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Large Scale Ristributed InforfatiOf-Systems

anual Annotation
(Example PubMed abstract)

@
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failure. Potential complications of ablation include, in particular,
Ppulmonazy veins stenosis, latzogenic left-atrial tachycardia,
thrompoembolic events and fatal atrio-escphageal fistulas.

LD - Medizinische Klinik I, Klinikunm Grosshadern, Universitat Munchen.
Carise 3 de

FAU - Reithmann, C
AU - Reithmann C

AU - Remp T

2 - ger

PT - Journel Article

PT - Review

TT - Hathetersblation bei Vorhoffl Lasionen lekers
Blockaden.

PL - Germany

TA - MM Fortschr Med

JT - MW Fortschritte der Medizin.

JID - 100893959

E

MH - Atrial Fibrillation/physiopathology/+surgery
MH - Atrial Flutter/etiology

B Ablation/adverse effects CIaSSIflcatlon/Annotatlon

- Chronic Disease

MH - English Ebatract
M - Escphageal Fistula/etiolegy
MH - Heart Failure, Congestive

MH - Humans

MH - Iatrogenic Disease

MH - Stroke Volume

MH - Tachycardia/etiology

M - Thromboembolism/etiology

MH - Ventricular Dysfunction, Left
RF -0

EDAT- 2006/05/23 09:00

MHDA- 2006/06/13 09:00

PST - ppublish

50 - MM Forcschr Med. 2006 Apr 13;148(15):40-3; quiz 44.
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SEMAGI!X

EOWER: RELEVANCE

Blue-chip bonanza continues

company company company
Dow above 9,000 as HE, Home Depot lead advance; Microsoft upgrade helps techs,
August 22, 2002; 11:44 AM EDT

By Alexandra Twin, CNN/Money Staff Writer

company

ity
New York (CNN/Money) - An upgmde of software leader I t and strength in blue chips. mdudm

Hewlett-Packard and oo Tlepot were among the factors pushing stocks higher at midday Thursday,

fna
with the Dow Jone S(rla\ivera g¢ spending time above the 9,000 level

ncial index
Around 11:40 a.m. ET, the Dow aCHES u'duslf ‘eve'aqe gamed 65.06 to 9,022.09. continuing a more
than 1,300-point resurgence since July 25 The [\!as@g composvle gained .12 10 1,418.37.

0 index rose 8 S'F 1o 958.97.

slocksyn
iewle!l-Packard ( HPQ: up'$0.33 1o s|5 03] Research, Estimates) said a report shows its share of
the printer market grew in the second quarter awmougn another report showed that its share of the
continent
computer server market det‘)med m Eu&«g the MIdQLL( and Afnca,
company

Home Depot ( HD: up’ 51 07to 533 75, Research, Estimates) was up for the third straight day after

topping fiscal second-quarter eamings estimates on Tuesday.

i

commued to rise after

Tech stacks managed a (umamur\d amey upgraded

No. 1 software maker ng_':smﬂ (M V\HFT up: IU 55to 552 83, Research, Estimates) to "outperform”
5 company.
from "neutral” and raised its price target to $59 from 555 Busmess software makers Qracle
sockgm | S s t0ckSym s
{ ORCL: up $0.18/to $10.94, Research, Esllma(es) Egpm_eﬁ_pk ( FS.ET up $1.17 to $20.67.
mpany
Research, Estimates) and BEA Systems f GEA$ up $U 28110/ 57.12, Research, Estimates)

all rose in tandem.
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Automatic Semantic Annotation
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SEMAGIX

EOWER - THEOUGH - RELEVANCE

</Identification >

- <NewsManagement> <#roperty Formaltiam:

<Longuage Formalfiame:
Praperty Formalisme=

" Vaeabulary:

“stocksymbol" value=P" />

<NewsItemType Formaliame="News" /> B i ol et Lo
1 <Froperty Formalliame="CompanyName" Value="BP p.L.c." />
T142709<, </property>
5 Property Formal mpetite
o foperty Formallamen+CompanyName® Ualue="Ultramar Diamond Shamrock forp.
</property>
<Property Formalta

<HeadLine>The Debate is on the Future of Timer Sea LNG=/H
p 01, 2001 (Gas-to-Liquids News/PBI Media vial

<DateLine>Sel

<KeywordLine

etitor'>
<Broperty FormalName="CompanyName” Valus="Royal Dutch/Shell Group" />

tes of

Content
‘Enhancement’
Rich Semantic
Metatagging

Comtex">oil</KeynordLine>
Comtex’>transportation=/Keywardline>

origin

- < AdministrativeMetadata >

- <Catalog
~ <Resourse>
<U : - <Property Formaliame="CompanyExecutive" alus="Turner, Kathryn C.">
<DefaultVocabularyFar Context="Provider/Party" /> <Froperty FormalNisme="CompanyPosition” Value="Director" />
</Resource> </Property>

- <Resourse>

- Zoroerty Formaliiame="CompanyExecutive” Valu Ph.D., Kevin'>

<property Formalfiame="CompanyPosition’ Valu

<U
<DefaultVocabularyFar Centext="Source/Party" /> - Zroparty Formaliam:
</Resource>

- <Resource>

</t </Property>

owe, John'

panyExecutive" Valu
<property FormalNiame="CompanyPosition" Value=

panyExecutive Valu

<u 3
X Ey Compenypesttion: Vaver'Chatemaan of the Board s
DEtuocabulanvorContext="Fraperty il <Property FormalNisme="CompanyPosition Uslue="Chief Executive Officer" /
</Resource>
</Catalog> mpanyExecutive’ Value="Batchelder,

<Filehlame >22698565 xml</FilsName >

- <Provider>

<Party Farmalliame="Comtex" />

</Provider>
- <Saurce>

<Property FormalNsme="SourceCode" Val
</administrativeMetadata>
- <RightsMetadata>
<CopyrightDate > 2001 </CopyrightDate>
</RightsMetadata>
- <DescriptiveMetadata>
<Language Formaltiam:

- <Property
Vocabulary}

“Executive Vice President, Alaska Operations® />

enior Vice President, Planfing arfd strategic Transactions® />

ce preside:

="companyPosition’ Valu 7
hiet Information Officer” /

CompanyPosition" Value=

FormaiName~"
nalisme="CompanyExecutive" Value="Whitworth, J. Bry
hief Administrative Office:
wecutive Vice President’ /
‘General Counsel” /

hillips Full” />

<Property Formaitome CompanyName* Valus="BP p.Lc." />
</Propert
~ Zhroperty Formaltame="Competitor’>

<Froperty Formaliiame="CompanyName Value="Chevron Corp." />

</DescriptiveMetadata>

- <Cantentltem>

iaType Formaliame="Text"
<HimeType Formaliam
~ <DataContent>

Competitor'>

amer

roy’ />
o nd TPTCNITE" = Shroperty FormalNames"tndustry” Value="Tntegreted Oil and Gas* />

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

* Private
companies

« Type of company
« Industry affiliation
* Sector

« Exchange

+ Company Execs
- Cc

© Semagix, Inc.
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Spatio-temporal-thematic semantics

http://Isdis.cs.uga.edu/library/download/ACM-GIS_B@rry.pdf

Embedding Metadata in
multimedia, a/v or sensor data

Enhanced |
Digital Cable',

MPEG-2/4/7 :
’HE MP I.......* EG L Em GREAT

> Enc oder USER
EXPERIENCE
Create Scene Description Tree Retrieve Scene Description Track

Node = AVO Object

Scene
Description
Tree

= = Enhanced
|| XML

Description

Produced by: Fox Sports
Creation Date: 12/05/2000

\\‘ League: NFL //~

Teams: Seattle Seahawks,

Voqutte/Taalee

“NSF Playoff” | Semantic II- Atlanta Falcons II- “NSF Playoff”
ngine p Players: John Kitna
~ Coaches: Mike Holmgren, ’
Node Dan Reeves W

Metadata-rich

Location: Atlanta
Value-added Node

Object Content Information (OCI
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; :

Metadata for Automatic Content Enric@;je
r

r—

Interactive Television

CISCO SYSTEMS
taday's high 4
taday's low
taday's open
volume
S2-week high
52-week low
PVE ratio Mo

38,70

[T

Part of the screen can be
automatically customized to
show conference call specific
information— including transcript,
participation, etc. all of which are
relevant metadata

Conference Call itself can have
embedded metadata to
support personalization and
interactivity.

[ asrs | S
e | s |

IBM 96 816 -0.84

This segment has embedded or referenced metadata that is
used by personalization application to show only the stocks
that user is interested in.
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W$DL-S Metamodel -

Intefans

Finding

Endzoint

nam: : Sting
extends : List
Jolple Yefaull | URL

name : Strng

name : String

0.F
-
0.

i
-—

Semice

name : string

' Conshraint \

' Gumiliv . Sting|

0 Property J [ Operation 0 Feature
o7 name : String u-" name : Sting URI: URL
patterm : URL B lrsquirearEasiean
Types required : boo ean| O 07 |otle s URL
[eataty : boslean
lement - Strirg
o ——— Vg ~.
0. ‘o.* 0.0 , R ’ s . N
o - K .
Faut Infastt Dutput /
Outfauit Input /
0. HTee F '
messsgelabel : String messageRefelence : URL !
direction : Sat alreetion : S \

messageLabel : String

H .{P |

Post

Fre

element: String

0| sedType

ow Type mi:Tepe
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WSDL-S X

<?xml version="1.0" encoding="UTF-8"?>
<definitions
xmins:rosetta = " http://Isdis.cs.uga.edu/projects/m eteor-s/wsdl-s/pips.owl “ >
<interface name = "BatterySupplierinterface"
description = "Computer PowerSupply Battery Buy Quote Order Status "
domain="naics:Computer and Electronic Product Manufacturing">  £nction from

<operation name = "getQuote” pattern = "mep:in-out” Rosetta Net
action = "rosetta:#RequestQuote " >// Ontology
<input messagelLabel = "gRequest” element="rosetta:#QuoteRequest " />

<output messagelabel = "quote” elemen ="rosetta:#QuoteConfirmation " />
<pre condition = gRequested.Quantity > 10000" />

</operation>
</interface> Data from
</definitions> Rosetta Net
Pre Condition Ontology
on input data
s | arge Scale Distributed Information Systems ;
W L L

Relationship Extraction

LTS
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About the data used

 UMLS - A high level schema of the biomedical
domain
— 136 classes and 49 relationships
— Synonyms of all relationship — using variant lookup

(tools from NLM) TIAT—effec
T147—induce

T147—etiology
T147—cause

° M eS H T147—effecting

. T147—induced
— Terms already asserted as instance of one or more

classes in UMLS

e PubMed
— Abstracts annotated with one or more MeSH terms

Large Scale Distributed Information Systems
Method — Parse Sentences in

PubMed

[1254239-1] An excessive endogenous or exogenous
stimulation by estrogen |induces adenomatous
hyperplasia of the endometrium.

SS-Tagger (University of Tokyo)

SS-Parser (University of Tokyo)
(TOP (S (NP (NP (DT An) (3J excessive) (ADJP (JJ endogen ous) (CC or) (JJ
exogenous) ) (NN stimulation) ) (PP (IN by) (NP (NN es trogen)))) (VP (VBZ

induces) (NP (NP (JJ adenomatous) (NN hyperplasia)) (PP (IN of) (NP (DT
the) (NN endometrium)))))))

o
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Method — Identify entities and

Parse Tree

Modifiers
Modified entities
Composite Entities

An excessive endogenous or exogenous
stimulation by  estrogen

adenomatous
hyperplasia of the endometrium.

[Ramakrishnan, Kochut, Sheth 2006]
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Limitations of Current N/W Design

e Too rigid
— Knowledge of exact IP address is mandatory

* No support for content-based communication

— Content-based communication is implemented omveeay
N/W as an application

» Overlay-Underlay mismatch leads to inefficiencies

— The Overlay network creates Logical Links overlthks the
provided physical network
* Alogical link can traverse many physical linkgdamdes
» At each node a packet must traverse the netwadk $b routed
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Limitations (Contd.)

Security mechanisms not adequate
Communication control based on firewalls &
black/white lists is not powerful

— Newer applications like P2P file sharing
circumvent communication controls

Weak accountability and audit mechanisms

Cannot prevent deliberate information leakage

14
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What Can Semantics Do For N/Ws

“Richer” communication paradigm

— Liberates parties from needing to know exact sxkle
» Routing based on Semantic Concepts

Improved efficiency

— Single or very few traversals of network stack
» Content is routed by the physical network basetherSemantics

Enhanced security and control

— Control based on message content rather thamdagi
destination)

Better accountability and audit

10
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Content Based Networking

» Several existing products use “rudimentary”
forms of semantics
« Content switches

— Redirects in-coming requests to appropriate
content servers/caches

» Application Oriented Networking
— CISCO’s XML-based networking platform
— Does in router processing of XML
— XPath, XSLT, etc...

Large Scale Distributed Information Systems

CISCO AON

Applications, Data/Domain Content

Processes, User Interaction

People Business Logic
Business Process
Message Routing
Application Security
Inlellige_nl Event Capture
Networking

Application Message Ability

Packet Security

a ﬁ L % | Packet 00S/CNS

i — I 15 - _d

H d Packet Load Balancing
H A o

e 3e %

Packet ! '

: v Packat Dalivery/Routin,
Netwark PUs o B B L e e ey 8

Diagram: CISCO AON (www.cisco.com)

11



Large Scale Distributed Information Systems

&

Semantic Aware Networking *:

Semantic Enabled Network Systems, NSF ProposathSAe Ramaswamy, L., et. al.

Large Scale Distributed Information Systems

Semantic Network Auditing

Ontology User U; Adﬂrﬁrt:?;?gror
=T

Agent_type

=
Explosive | J Biological | | Chemical |
Pz
pd
P Aﬂec{s\\ ﬂ
| Blood || Blister | | Defoliant ‘
Trigger
Notification

[Inustard gas]| chemical compound used
as a poison gas in World War I. Some
effects of exposure to mustard gas are
delayed up to 12 hr; death may result
several days after exposure.

—
Document D, ~——

Figure: Semantics-enabled Accountable Systems, LSDIS Lab, SAIC, Cisco

12



Medical Domain Example

« Use Semantics at the network level to deliver
to doctors critical information in a timely
manner.

— Allowing the doctor to treat the patient more

efficiently with the most current, relevant
information

Data Sources

A

Elsevier iConsult PubMed NCBI
Genome, Protein

Health Information 300 Documents DBs
through SOAP Web Published Online || Updated Daily with
Services each day new Sequences

Heterogenous Datasources need for integration
and getting the right information to those who
need it.

13



Profiles (Subscriptions)

 Human Constructed
— Graphical Interface with which they select part

of an Ontolir subscription

Heart Failure Clinical Pathway: SEIIl Proposal, Bhet. al.
Ontology: A Framework for Schema-Driven RelatiopsBiscovery from Unstructured Text, Ramakrishnanak, ISWC 2006, LNCS 4273, pp. 583-596

Extracting the Relationship

Diabetes mellitus adversely affects the outcomes ieqativith myocardial infarction (MI), due in partttee exacerbation of left
ventricular (LV) remodeling. Although angiotensirtype 1 receptor blocker (ARB) has been demonstratbd &ffective in the
treatment of heart failure, information about tlwtemtial benefits of ARB on advanced LV failure assedatith diabetes is lacking.
To induce diabetes, male mice were injected intiagrezally with streptozotocin (200 mg/kg). At 2 weeknterior Ml was created b
ligating the left coronary artery. These animals irektreatment with olmesartan (0.1 mg/kg/day; 0¥ & vehicle (n = 51) for 4
weeks. Diabetes worsened the survival and exaggeretedadiographic LV dilatation and dysfunction in.Mteatment of diabetic
MI mice with olmesartan significantly improved theual rate (42% versus 27%, P < 0.05) without affegtitood glucose, arterial

diabetes were ameliorated by ARB, providing furthédence that angiotensinx
after diabetic MI.

interstitial fibrosis, and the number of apoptotids@l the noninfarcte I rom diabe 1. Post-MVLremodeling and failure in

plays a pivotal’role ie@xacerbated heart failure

blood pressure, or infarct size. It also attenuatediysfunction in diabetic MI. Likewise, olmesartan attated myocyte hypertrophy|,

A\ngiotensin Il type 1 receptor blocker attenuatescerbated left ventricular remodeling and failureliabetes-associated myocardial infarctior].,

Matsusaka H, et. al.

14



Ontology Work at the
Network Level

» What can be done?
— Routing documents based on annotation

— Distributed Relationship Computation

» A router at document arrival can compute whethshould be
forwarded over named relationship or not

— Store minimal set of related entities and relaiops at each node

* What are the challenges?

— Distributing the annotation across all nodes
* Instances bases for Ontologies are quite large
— Cannot expect a node to have that much storage
* How to forward the documents/events across theork?
— Possibly to all children? (Overhead in documeridation)

Ontology

produces
causes

Ontology: A Framework for Schema-Driven RelatiopsBiscovery from Unstructured Text, Ramakrishnanake, ISWC 2006, LNCS 4273, pp. 583-596

15



Conclusions

* In the future, content will be able to be
addressed to nodes on the network by use of
concepts and topics instead of IP addresses
— Providing users with critical information in a

timely manner

« Semantics will be used to allow networks to
audit information flowing through them in a
more in-depth, reliable manner
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For more information

LSDIS Lab:
Kno.e.sis Center:
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