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Interoperable Information System

a personal perspective)

Generation Ill

(information
brokering)

1997 ...

Generation |l
(mediators)

1990s

Generation |
(federated DB/
multidatabases)

1980s

SemantiCs (ontology, Context, Relationships, KB)

Ir:;g:.ll!t Semantic Web, some DL-Il projects,
VideoAnywhere Taalee Semantic Engine, Oingo

VisualHarness

Metadata (Domain model)

InfoSleuth, KMed, DL-I| projects
Infoscopes, HERMES, SIMS,
Garlic, TSIMMIS,Harvest, RUFUS,...

Data (schema, “semantic data modeling”)

Mermaid
DDTS

Multibase, MRDSM, ADDS,
[ISS, Omnibase, ...



Semantics:
The Next Step in the Web’s Evolution

“The Web of data (and connections) with meaning in the
sense that a computer program can learn enough about

what the data means to process it.... Imagine what
computers can understand when there is a vast tangle of interconnected

terms and data that can automatically be followed.” (Tim Berners-Lee,
Weaving the Web, 1999)

A personal definition

Semantic Web: The concept that Web-accessible
content can be organized and utilized semantically,
rather than though syntactic and structural methods.



v

Semantics:

= ‘meaning or relationship of meanings, or relating to
meaning’(Webster)

= IS concerned with the relationship between the
linguistic symbols and their meaning [Kromrey 1994]

= Meaning and use of data (Information System)



i Important Building Blocks

s Semantic Domain Modeling

s Semantic Inter-Domain Relationship Modeling
» Resource Characteristics Modeling

» Complex Operations

= Semantic Information Request Modeling

» Knowledge Discovery Paradigm




!'_ Outline

» Commercial SOA of Semantic Web
s Research SOA

= Research for realizing full potential of
Semantic Web - complex relationships




{ Taalee Semantic Engine™

Content Aggregation
and Enhancement

Enterprise
Data

Content

Understanding

Applications

Classifiers

Catalogers

Relationship

Builder

Metadata
Enhancers

Intelligent Content

::E:: WorldModel

Content Metabase

Content Engines
Search
Directory
\ Personalization
Content Integration

: Targeting
Alert

Semantic Cluster
Interactive Marketing
& E-Commerce

/

Third Party Applications
Content Management
Syndication
Targeting



Taalee/Voquette Semantic Platform Architecture
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N — z
Semantic Content

T

Content which does Content which does not Content the user did
contain the words contain the words not think to ask for, but

the user asked for the user asked for, but which he needs to

is about what he asked know.
for.



Semantic Associations using Simple Relationships
supported by Taalee Semantic Engine

2tition

C S in

IND Y with
Competing PRODUCTS

COMPANIES in Same or
Related INDUSTRY

slo)ulaiions

Impacting INDUSTRY
or Filed By COMPANY

Technol
Prod

Important t
or COMPANY




] Taalee Financial Dashboard - Microsoft Internet Explorer

E International Trading Bank

Intel Corporation 07103 4:57 PT

Symbol Change Price Yolume Equity Indices
IMNTC +0.81 3006 38618100 RgElElE bk
I‘Jiew maore charts... ;I i
Intel Corporation (IS0 Price = 21,36
26,38
26,58
[ 26. 1A
29.748
29.3A/
Intel Corporation (US00 Wolops ==108, B8 7. o
5.2
Z2.6A
A, 88
18am 1lam 1Z2pm lpm  Zpm ZFpm dpm Spm

Resources for Intel Corporation

TheStreetcom  Hey Stats = Income = Cash Flow = Broker Rating
m-m-m SEC Financials

“=Market Guide  Snapshot = Analyst Corner = Compsny Profile
(EE_ Meszage Boards
Eﬂ Analyst Recommendations
““'h'“ﬂ“ﬂ Price and volume action

Industry and Competiton Hews
Wiew competitors. .. ~ W Listen to audio programs... = 24 g

Stock Ticker: - [Go

Analysis Hews

J.P. Morgan Boosts Microzoft to 'Buy!

Microzsoft Corp.
Microzoft Corp.

Company Hews
Websense Inc. Presents Corporate Highlights at The...

London shares =il on offer midday  techs and ad...
THE Wy ASHIMGTOM POST: MIMTEMDO'S Al 1S BIGGER

Market Commentary Hews
Techs rize modestly

European bourses mixed
Marketz Up On Microsoft Mews

Mergers & Acquisitions
Landis acduires QLAY OMNE

THE TIMES: MICEOS0FT STILL FACES BATTLE
BOSTON GLOBE: STOCHS BOUNCE O BULIMG

YWebsenze Inc. Preserts Corporate Highlights &t The. .
London shares =il on affer midday, techs and ad...
THE WuASHIMGTOM POST: MIMTEMDO'S Al 1S BIGGER

Company Hews
Techs rize modestly

European bourses mixed
Marketz Up On Microzoft Mews

06/29:2001 Business\eek
QE29:2001 OM24
QE2572001 ONz24

0682001 COMTEX
06M 552001 CRRFK
06M 202001 COMTEX

070252001 CHMFI
O6/29/2001  CHMFH
OB/25/2001 CHS

[Mare...
07022001 COMTEX
07012001 COMTEX

06292001 COMTEX

0532001 COMTEX
0652001 CMMFM
0EM 22001 COMTEX

070202001 CRRFK
06/2952001 CRRFK
og/28:2001 CBS

Powered By #‘Eﬁ lee

© Taalee Inc



i Semantic Web Research today

= Resource Modeling/Markup with ontology
= RDFS, OIL, DAML(+OIL)
= Service modeling ?

= Inferencing/Reasoning: Description Logic
(subsumption), frame based, theorem
proving ...

= Applications: Search Q

= Query Language: ?
= Learning, discovery, : ?? j .

-----------

Resource  Markup



. S

Classical “crisp” logic,
inferencing..

Same fate as Q/A systems?



Some comments on State of the Art

= "the ontology cited in the query matches one of the ontolgies in
the list of the namespaces of the web page” -- what if they have

different ontologies (likely)

= "DAML-M would be a service that for a given ontology and a set
of classes and properties returns mappings to other ontologies
and their classes and properties that are declared to be
equivalent.” Equivalence is not sufficient... it quickly gets more
complicated.

= 'There might be a "Name-Match” service available that given a
name like “Jim” returns “James” and “J.”. Highly context
sensitive..so no generalized mappings are possible! Search
engine cannot decide if name-math can be used
(e.qg., for legal purpose).

Quotes from Denker et al at SWWS, 2001



= Arise in several contexts, especially involving
multiple ontologies (hence mappings)

« information interoperability where related resources
subscribe to different but related ontologies

« information requestor and resource modelers choose
to use different ontolgoies

« information requests to support analysis, knowledge
discovery, decision making, learning that requires
linking multiple domains with different ontologies

Developing all encompassing, unified ontology is not shown to be
practical. Preexisiting classifications/metadata
standards/taxonomies are hard to ignore.



i Semantic Web And Beyond...

Knowledge Discovery

_ Simp lationships
Semantic Web (is-a, instance-ofpartof,

value-of, less th
nformation Interoperability
Integration

Complex, user defined, fuzzy
Relationships
(cause, affect)




iComplex Relationships and Knowledge discovery

VOLCANO ENVIRON.

DESTROY

COOLS TEME

DESTROYS

KILLS




i InfoQuilt System Core capabilities

Ability to handle heterogeneous, static or dynamic
content — wrappers & extractors, with resource modeling

(completeness, data characteristics, binding patterns)

Information Extraction: Semi-Automatically or
Automatically create domain-specific or contextually
relevant metadata

Domain modeling with complex (user defined, inter-
ontology) relationships, domain rules and FD

User defined Functions (esp. for fuzzy/approximate
matching) and Simulation

Post processing result analysis (e.qg., chart creator)




Inter-Ontological Relationships

A nuclear test could have caused an earthquake
if the earthquake occurred some time after the
nuclear test was conducted and in a nearby region.

Nucl ear Test Causes Eart hquake
<= dateDi fference( Nucl earTest. event Dat e,
Eart hquake. eventDate ) < 30
AND di st ance( Nucl ear Test. | atitude,
Nucl ear Test . | ongi t ude,
Eart hquake, | ati t ude,
Ear t hquake. | ongi tude ) < 10000




i Iscape

= A computing paradigm that allows users to
query and analyze the data available from a
diverse autonomous sources, gain better
understanding of the domains and their

interactions as well as discover and study
relationships.



Iscape ..asimple example

= user’s request

= for semantically related information
(regardless of all forms of heterogeneity)

= specified in terms of components of knowledge
base (domain model, relationships, functions,
simulations)

“Find all earthquakes with epicenter less than 5000 mile from the
location at latitude 60.790 North and longitude 97.570 East and
find all tsunamis that they might have caused”

Next - KD using ISacpes



Knowledge Discovery - Example

Earthquake Sources

in e e e

Nuclear Testing Rocks the World

Pl Eilects on i8a Magnetphers

Nuclear Test Sources

Nuclear

Complex
Relationship:

How do you

Is it really true? model this?




Knowledge Discovery - Example

When was the first recorded nuclear test conducted?
1950

Find the total number of earthquakes with a magnitude
5.8 or higher on the Richter scale per year starting from 1900

Number of Earthquakes Per Year

Increase in number of

140

120
2 100
£
E 80 — .
3 1 earthquakes since 1945
Z e0 — —_ T~ HHH <+

40 1 — B e el el e I e e e e e N e N e

20 - — —_ T~ HHH <+

0 T T T T T T T T T T T T T T T T T T T T

1900 1905 1910 1215 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Year



K“OWIedge Discovery == exploring relationship...

For each group of earthquakes with magnitudes in the ranges
5.8-6, 6-7, 7-8, 8-9, and >9 on the Richter scale per year
starting from 1900, find number of earthquakes

Number of Earthquakes Per Year By Magnitudes

11+ | Number of earthquakes with
4y kW | magnitude > 7 almost constant.
=1 | So nuclear tests probably only

1

— T | cause earthquakes with
MFEEEF magnitude < 7
LG ELEERLERERELLER



Knowledge Discovery - Example...

Find nuclear tests and earthquakes that may have
occurred as a result of the test

| B Edt Mew Fguste: Tock Heo [ = ]
| L . & '}ﬂ 4 k) <] ) o = i
e Etlats St wafrach Home Search  Favortes  Htory rint Digtuss  vahoo! M. Maseengsr |
| s ) i et co g om0 SeapeReuls " =] o |
|Links @]Custemize Lnks @ ]Free Motmad @] Windows Media @] Windows @] Java(TM) 2 Platferm, ¥1.2.2 APL ii:2 It b
Result 2 |
Fanhquake. magniuds 55
Eanhquake.ragion Egypt, Cairo, lorasl, Elat
Huclea Test tentSite Pakistan, Chagai test site
Huclear TesthadyWaveMagninide 47
HuclearTest.explosiveiehl MiA
HuclomTest.conductadily Fabietan
distance 4427121
(Earthquake Latitude HuclearTestlatitude Earhquake longinade MucleaTestlongindey
diffinbays
(HucloarTost.ovembate Earthquake. ave:
Eanthuake.evenDate 1998, May, 25
Earthauak siption Cine peeser drured ot Cairs. Fell in the Cairo arcs, Alao S ot Elat, lsrae]
Multime dla (Farthquake fmage) - -
Resuit3
Earthquake.ma 5
Earthquake.region Chiria, Seuth Ninginrg
HuclomTest.tas1Site Irdia, Ragethan, Pakaran teet st
HuclearTestbodyWaveMagninide ar
Huclea Test.explosiveviehl NfA
Huclem Test.conductedBy India
distance 5 BA04
iEarthquake. latitude HuclearTes|
diffnDays
iHuclear TestevemDate Eanhquake.eventDate)
Mhquake.eveniDate 1996, May, 28
Earihquake.desciiption Twenty-eight pecple injured, more than 2,00 buildings destroyed, an additional
3000 damaged and 5,000 head of cae billed in southwestem Xinfans
Mutime dia (Earthquake image)
olla -1
Lsl

&7 Dore [T [ ineenet 4




Ontologies

Terms/Concepts
(Attributes)

Functional
Dependencies
(FDs)

longitude description
E Hierarchies

site => latitude,
longitude
damagePhoto ~ "Natural Man-made bodyWaveMagnitude
' Djsaster Disaster
numberOfDeaths
conductedBy
Volcano

A\ NuclearTest explosiveYield
magnitude >0 H—— Earthquake
bodyWaveMagnltude >0

magnitude <10 bodyWaveMagnitude <10
Domain Rules

Disaster




Knowledge Builder

E%-_": Knowledge Builder

=1

[ Main | Attributes | Data Characteristics | Functional Dependencies | Relationships | Resources | Function Store |

Ontology Hame iEarthquake

Description {Do not use newline)

11
Eg_;,al(nowledge Tree

Knowledge of the system represented as a tree

destruction at Kodiak, Cordova, and Seward and cause
Wmetica, paticularly at Crescent City, Califarnia, Some
Liguefaction, which happens when loosely packed, wa
strong shaking, causes major damage during earthgu
liqguefaction ofthe soils and debris used tafill in a lago
sliding of the around surface in the Marina districtin Sz
cause more destruction than the earthguakes themsel
landslides devastated the Turnagain Heights residenti
Wnchaorage.

Parent Ontology <None>

Keywords
hazard Add / Edi:
disaster
quake

seismic

Keyword

| Remove Keyword

| Save All | [s

o oNuclearTes"t
) testSite
=Y hodvWaveMagnitude
EY explosiveyield
) eventDate
Y testType
Y conductedBy
=) longitude
2} latitude
FD (iestSite) -= (longitude)latitude)
Rule hodyWaveMagnitude GREATERTHAN 0
Rule hodyWaveMagnitude LES STHAN 10
& () TestSitesDB
o] @ NuclearTestsDB
2} testSite
EY explosiveYield
) bodWWavelMagnitude
L) testType
) eventDate
Y conductedBy
DC hodyWaveMagnitude GREATERTHAN 3
@- ‘ HuclearTestCausesEarthgquake

-

o Q Vegetation
© ontology & Relationship DC Data Characteristic Rule
e Attribute e Condition LC Local Completeness
Rule pomain Rule @ Resource
FD Functional Dependency BF Binding Pattern




IScape Builder

E"gg |Scape Builder O] x|

'rStem _|/5tep2 |/5tep3 |/5tep4 |/5tep5 |/Hun |

Specify all the ontologies and relationships to he used in IScape

| Mew IScape || Open IScape || Save [Scape || Clear IScape || Delete IScape |

Statement |Etudy the effect of nuclear tests on earthguakes

Description List earthquakes caused just after a nuclear test and in a nearby location

Ontologies Ontologies in IScape

Tsunami Earthoguake

Earthguake MHuclearTest

MuclearTest Select Remove
“Yegetation

Daikieathear

Relationships Relationships in IScape
MuclearTestCausesEarth MuclearTestCausesEarth
EarthquakeCausesTsuns

EarthquakeAffectsEnviron Select




IScape Execution

Knowledge
Knowl%ge
Knowledge
Agentg R User Agent
Fihal Results @IScape
IScape @ i Final Results
Planning @ * - | Correlation
L B > Broker >
Optimizing | (1) (r’@ Agent
Agent Plan Mt Plan
e iE s @ Data retrieved
Query ® Query (&)
Query (&)

Resource Resource Resource
abha Agent s4da abha Agent sha abha Agent a
L J L 2 L 4
opo Extractor o4y  ohoDatabase L, 1, Other L,
I Wrapper Wrapper Wrapper

sgoDatabase 090 °*‘-.',§‘f.?ther_5:_+:b-ﬂ°

FUANE
-?.' -



i Planning and Optimization

= IScapes are specified in terms of ontologies

= Source selection

= Execution plans that are executable

= Plans that retrieve more complete information
= Integrate data from sources

= Optimization using domain and resource
characteristics



IScape 1

Resource Resource

Nucl ear Test sDB( Si gni fi cant Eart hquakesDB(
testSite, explosiveYield, waveMagnitude, event Dat e, description, region,
t est Type, eventDate, conductedBy, magni t ude, latitude, |ongitude,
[dc] waveMagnitude > 3 ); nunber Of Deat hs, danmagePhot o,

[dc] eventDate > “January 1, 1970" );

http://sun00781.dn.net/nuke/hew/Library/Catalog

Resource USGS site

Nucl ear Test Si t es(
testSite, latitude, |ongitude );

Ontology Ontology
Nucl ear Test ( Eart hquake(

testSite, explosiveYield, waveMagnitude, testType, event Dat e, descri ption, region,

event Dat e, conductedBy, |atitude, |ongitude, magni t ude, | atitude, |ongitude,

waveMagni tude > 0, waveMagni tude < 10, nunmber Of Deat hs, danmagePhot o,

testSite -> latitude |ongitude ); magni tude > 0 );

\ /
Relationship

Nucl ear Test Causes Earthquake
<= dateDi fference( Nucl ear Test. event Date, Earthquake.eventDate ) < 30
AND di st ance( Nucl ear Test. | atitude, Nucl earTest.| ongitude,

Eart hquake, | ati tude, Earthquake.|longitude ) < 10000
IScape

“Find all nuclear tests conducted by India or Pakistan after January 1, 1995 with
seismic body wave magnitude > 4.5 and find all earthquakes that could have been
caused due to these tests.”




Missing Attributes

= Use functional dependencies (FD)

m <attribute>+ -> <mssing attributes><attribute>*

= Couple with associate resource

Join (using LHS attributes) Primary.B = Associate.B AND

Primary.C = Associate.C

All available attributes LHS attributes + missing attributes
(A, B, C, D) BC -> DEF (B,C,E,F)
Primary resource Associate resource

A,B,C,D A, B,CEF



IScape Processing Monitor (IScape 1)

Eg,%ls::ape Proceszzing Monitor
|Scape Find all nuclear tests conducted by India or Pakistan after January 1, 1995 with seismic body wave magnitude > 4.5 and find all earthquakes that could have been caused du|
Processing Log :
Message Id Time Stamp Message From Brief Message
020:29:14. 484 User Agent Started processing
120:29:14.671 Broker Agent Started processing
2120:29:15.045 Planning Agent Applied Domain Rules to IScape's constraint
320:29:15.109 Planning Agent ChecKing I5cape’s constraint and relationshi...
420:29:15.187 Planning Agent Selecting sources for Earthquake
A20:29:15.234 Planning Agent Selecting sources for NuclearTest
620:29:15.453 Planning Agent Plan created by the planner. Returning it to Br...
TR20:29:15.578 Broker Agent Received plan from planner
820:29:15.843 CorrelationAgent Executing IScape
9[20:29:16.390 TestSitesDBE Resource Agent Queried TestSitesDB
1020:29:16.359 mignificantEarthgquakesDB Resource Agent Cuueried SignificantEarthgquakesDB
1120:29:16.500 Correlation Agent Computed Union
12020:29:16.718 Huclear TestsDB Resource Agent Cuueried NuclearTestsDB
1320:29:16.843 Correlationigent SelectNodeProcessor done processing
1420:29:16.984 Correlation Agent Evaluated Jain
1520:29:17.046 Correlation Agent Computed Union
T620:29:17.250 Correlation Agent Evaluated functions on a relation.
1720:29:17.359 Correlationfigent SelectModeProcessor done processing
1820:29:17.750 Correlation Agent Evaluated Relationship on a set of relations
1920:29:17.765 Correlation Agent Evaluated projection on a relation
2020:29:17.796 Broker Agent Received IScape results from Correlation Ag...
2120:29:17.937 User Agent Returning final result to client
Detailed Log Message Show Associated Data




i Related Work

= Features of InfoQuilt not supported by any
other systems

= Ability to assist in learning about domains and
complex inter-domain relationships

= Support for use of functions and simulations to
post-process

= Support for complex relationships and constraints
that can use functions as special operators

» Powerful semantic query interface (IScapes)



i Related Work...

= SIMS/ARIADNE/InfoMaster

» Mediator specialized to one domain
= No local completeness information about sources

= OBSERVER

« Limited to basic relationships
= Resource models are not as rich




i Related Work...

= [SIMMIS

» Mediators defined using MSL

= Adding or removing sources is difficult

» Query-centric (uses pre-defined query templates)
» Can answer a restricted set of queries

= Information Manifold

= No domain rules, FDs

= Capability records cannot model query capability
limitations precisely



i Future

= SemWeb activities (DAML+OIL)

= Heuristic, Inexact/Fuzzy vs
Formal/Classical Reasoning (DL??)

s P2P - more
dynamic/volatile/heterogeneous




‘!'_ Thank You!

http://Isdis.cs.uga.edu



Modeling Features

User-Defined Functions

Users can provide their own implementation of function
based on their own requirements

Complex Predicates/
Relationships

-Relationships can be defined as complex expressions
based on user-defined and/or existing functions, relational
and logical operators

- This means that properties of relationships beyond sub-
typing and part-of can be modeled explicitly e.g. Causes

Iscape

-Ability to define complex information requests utilizing
existing domain models, user-defined functions and
complex relationships.

- Ability to re-use and re-configure such requests

Mapping Rules

-Enables users and domain experts to model mappings
between concepts in different ontologies

-This allows for data integration analogous to multi-
database joins but more complex

Resource Modeling

-Captures description of actual/ content as opposed to
potential content which helps in better resource selection




Execution Features

Iscape Consistency
Checks

- Checks if Iscape is meaningful with respect to domain
models chosen. Support for dynamic information
resources

Resource Selection

- More specific because of dc and Ic rules
-More complete because of FDs.

Binding Patterns

-Support for dynamic information resources




