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Before We Get Started...

« Two views of the Semantic Web:
e implementing SEMANTIC applications using web technologies

e using semantic technologies to support new WEB applications

 Exploring the relationship (and tension) between the
two over time

e This talk is
e a retrospective, a status report

e an “interpretation”
e avision for the future
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1990’s: “Pre-history”

 Rebirth of Artificial Intelligence (end of “ Al Winter”)

* “big” Al applications
« Deep Blue, Mars Rover, Deep Space 1, ...
 embedded vs. stand-alone

e Web Al

» |R, statistical NLP, machine learning
* |ots of datal!

« Emergence of the Web

* new ways of doing things
* new business models (even new social models)
* new technology

e “dot-com” boom

« Early forays into “meta-content”
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Traditional Al applications

1990’s: “Pre-history”
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2000-2001: What Did We Believe?

What ahout the rest of the Weh?

 Jim: Semantic Web and the
advent of pervasive
computing (March 2000)

DML TetherlessDAML @@y
- The Mobile Semantic Web

owl.mindswap.org

« Jim: Roadmap from the “old”
Web to the Semantic Web
(October 2001)

‘Buy Aitline
, | Ticket

http:www.daml.org: NOKIA
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2000-2001: What Did We Believe?

Semantic Web: Characterizations

(
(@ ‘ Ontological approaches
’a (RDF, DAML+OIL, etc.)
A

RDF !

 Ora: Semantic Web and the “RDF Facism’
advent of pervasive
computing (June 1999) bicesdlpiinding i i

useful manipulation)

(unlikely)

Why Your Microwave Oven e r
Needs (1'0 surf) the www ' Syntactic approaches (“plain” XML)

Ora Lassila

« Ora: Roadmap from the “old”
Research Manager Web to the Semantic Web

Agent Technology Group, Nokia Research Center / Boston

& (October 2001)

Member of the Advisory Board
World Wide Web Consortium (MIT/LCS)

June 1999
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2000-2001: “Early Years”

e “Dot-Com” optimism still prevails:
easy to explore new directions

 Government meddles with semantics
« DARPA’s DAML program; EU follows
« DAML+OIL

 Web community discovers metadata
 W3C Metadata Activity

EUW3C
Members/directors

 RDF (Dan Brickley, coord
“3-pronged” attack: Semantic Web
_ D ARP A Activity
i EU IST 3.0rg/2001/SW
- W3C TS DAML
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2000-2001: “Early Years”

A
Semantic Web research & new
g standards (DARPA, EU, ...)
© SCIENTIFIC
—_ AMERICAN .
< j
o)
qJ .
< Joint
2] > Committee
) o (DAML+OIL)
o LUl
-
@)
O | - l X
)
S Early RDF apps (FoaF, RSS)
S | s
>
Applicability Across Domains
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Original Outline (July 2000)

Scientific American Article notes

[Joint starting place:]

I Semantic Web Vision (TBL) | SC'T'F IC
AMERICAN

[I. What are the enablers? (in sequence)
Screen Scraping (Ora and TBL)
Data on Web (Ora and TBL)
Zip code link between Data Bases (TBL)
Ontology Independence (JAH)

Effect of Scale (TBL)
“Then, a miracle occurs”

[II. What can you do with it? (not necessarily in sequence)
Self-describing documents (JAH)
Logic to encode... (TBL)
Services and Advertising (Ora)
Devices (Ora)
Digital Signatures, Authentication, and Trust (TBL)

/

(historical note: last draft to printers - March 9, 2001) |
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2001

"‘\ Rules Trust
. Data 1 Proof E
Data | Logic E.
% it v_; < Funded Research
| doc. RDF + rdfschema 5 | < WG activity
XML + NS + xmischema < Recommendation

 Research, experimentation,

Semantic Weh Today A
e The Semantic Web of 2002 resembles the early days of the ..
World Wide Web « Reminiscent of the early

+ Development funded primarily by Govt, but emerging corporate interest

¢ Alot of excitement, but confusion as to business case d ay S O f t h e We b

+ Open source tools and “geeks in control”
+ Standards starting to stabilize to point where they permit deployment
+ Developer tools, libraries, languages

10 (1)




2003

i_-“- Trust
Data Proof 4
:: | = — £ < Funded Research
ﬁ. | |_ ﬂl;ltnlogy vocabulary E < WG aCtiVity
m:. p g I E. g
e L & [« Recommendation

_ e Early
“Our” Semantic Weh

e Jan 1, 03: Crawler finds 5.8M+ DAML statements on 20,000+ web pages

« Doesn'tinclude many instance KBs tied to ontologies ad O p t i O n

« Doesn'tinclude many very large RDFS-based KBs that include some OWL
e Ontology library at http://www.daml.org has 195 ontologies (March 2003) .
+ Open for anyone to create ° E m
¢ Open for anyone to use e r g I n g
o OWL is being supported by large corporation labs

« Web tool developers: IBM, HP, Sun, Intel, Fujtsu 't
+ Content providers: Daimler-Chrysler, Nokia, Motorola, EDS, Agfa C O r p O r a‘ e
o OWL is starting to be used by thesaurus developers .
« C.f. National Cancer Institute metathesaurus released in OWL Lite I n t e r e S t
« United Nations Standard Product Codes available in DAML
+ NASA thesaurus available in DAML

e Use of semantic markup for Web Services beginning to move beyond basic
research

+ DAML-S cited as required reading for Web Services Composition WG

Sanken, 03 23 www.mindswap .org
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™. Rules Trust
i oot | ¢ | € Funded Research
| = 2 =
Data | Logic 5 |« WG activity
BRSNS 5 | < Recommendation
g

i | RDF + rdfschema

XML + NS + xmlschema
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Now

e Companies getting into the act

* IBM SNObase ontology management system
* Oracle to support RDF in Oracle 10.2
& * Open source (Kowari) scalable triple store
« Commercial tools
* OWL support coming
* HP Labs open-source Jena API

° Lots Of open * Many open source tools becoming available for

experimentation/academic use

source SOftware * Kowari, RDFLit 3Store...

Jena, Sesame...
* Protégé, SWOOP, Onto(xxx)..

1 H Building corporate demonstratorbecoming cheap and

. gc ate de Stre ec g chese
« Scalability B dine con " e
o

MINDSWAP




2006: You Are Herel




Significant Corporate Activity

« Semantic (Web) technology companies starting & growing

e Cerebra, Siderean, SandPiper, SiberLogic, Ontology Works,
Intellidimension, Intellisophic, TopQuadrant, Data Grid, ...

Bigger players buying in

e Adobe, Cisco, HP, IBM, Nokia, Oracle, Sun, Vodaphone...
announcements/use in 2005

* integrator and contractor uptake: Northrop Grumman buys TKS, Lockheed-
Martin uses SiberLogic in FCS, SAIC teams with ClarkParsia, ...

 tools being announced: AllegroGraph, TopBraid, ...
Government projects in and across agencies
 US, EU, Japan, Korea, China, ...
Life sciences/pharma an increasingly important market
e Health Care and Life Sciences Interest Group at W3C
Many open source tools available
e Kowari, RDFLIib, Jena, Sesame, Protegé, SWOOP, Onto(xxx), Wilbur, ...
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Significant Corporate Activity

8 & & semantic web company - Google News }
Be» l G || + | € hup://news.google.com/news?hl =en&ned=us&ie=UTF-8&q=semantic+web+company aQ~ Google ) |
[I1 Apple .Mac Amazon eBay Yahoo! News (707)¥ Apple (196)v S
Results 1 - 10 of about 74 for semantic web company. (0.09 seconds)
| Top Stories Sorted by relevance Sort by date
World Caboodle Networks Launches Open Source Semantic Web-Based Search ...
I USs. LinuxElectrons, TX - Mar 4, 2006
... Networks has launched an open source search engine based upon semantic web standards ... to discovery by traditional text-retrieval
I Business search engines the company claims ...
| scilTech _ _
| sports Access-eGov: Accessible eGovernment embracing the Semantic Web

| Entertainment
| Health
| Most Popular

5 News Alerts

RSS | Atom
About Feeds

New! Mobile News

About
Google News

PR Leap (press release), CA - Mar 2, 2006
... to e-Government Services Employing Semantic Technologies) is ... get a building permit, register a new company
(web) accessibility expertise ...

Hooking up with RDF

GCN.com, DC - Mar 3, 2006

... the Resource Description Framework in his 2003 book The Semantic Web, but for ... available with the Oracle Spg
the company's software ...

Mandriva to help build "Social Semantic Desktop"

Desktop Linux - Feb 28, 2006

... Social Semantic Desktop represents ... The company will also take over the submission of NEPOMUK ... standa
the World Wide Web Consortium, as ...

50+ Semantic
Web press
releases within
the last month

News For Your Web Site

dBusinessNews San Jose (press release), CA - Feb 23, 2006

... National Institutes of Health, Raytheon, The Walt Disney Company, and General ... as other respected innovators such as Eric Miller, the

Semantic Web activity lead ...

Hip hop offers data integration lessons
Infoworld, Netherlands - Feb 22, 2006

... use information that is available on the Web or in company databases and some ... for mashups and other applications would be to use

Semantic Web technology such ...

Parasoft Releases Latest Version Of Automated Test Software For ...
SYS-CON Media, NJ - Mar 2, 2006

According to the company, the new release delivers extensive ... they need to validate their web services for ... fall into four categories: BPEL

semantic tests, WSDL ...

Experiments in data integration
Webwereld, Netherlands - Feb 23, 2006

... The company evolved from a group of University of Washington scientists and has rapidly ... XDA is due in early 2008 that will incorporate

Semantic Web technologies ...

Finally, there is an Alternative to the Internet
PR.com (press release), NY - Feb 23, 2006

M L e NN i e
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Significant Government Activity

 Agencies moving
beyond the "talk"
phase
e primarily prototyping,
but first acquisitions
starting

 Example:

 NASA is developing
an enterprise data
strategy around using
existing data via
Semantic Web
integration

. . L] @
Lots of activities across NASA
® Science, Engineering, and Mission all have SWT
production or development efforts in place
e Now focus in on re-using the data systems we already
have in place o _ ‘
people dbms @ Marshall
° Agencl), \Vidc :\;:2:\?2 B?“'T::'.;:a.:‘a.cy-.mam POPS Source DM lwe:nof:vom Demo’ - Lagged in as ‘andrew’
integration planning [T e 7T s et s
is underway for ——
building a federation
of models into an
integrated information
service across all .
disciplines é
|
(A. Schain, 3/06)
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There's a Lot Out There!

£df filetype:rdf - Google Search

= Q- rdf filetype raf

(00 Apple Mic Amizon efay Yahoo! News(707)v Apple (19617

Signin M)
Web Images Groups News Froogle Local mores
Google === =
Web Results 1 - 4 )
freshmeat nevbackend/fm.rdf f od Link i

WI’W News; Top 5!0"0!
- View g HTML
mwwmm\vmm @ pioneer in cnline journaksm, has been at the forefront of
daily technology news coverage since its launch in 1996. ...
ww wired Com/nis_drop/netcenter/netcanter rdf -

kuroShin.org
« Format. Unrecognized - View a3 HTML
http /hwww. kuroShin o/ technology and culture, from the trenches enws Copyright 1996.2002
- KuroShin org 2005-12-03T 14.00.012 KuroShin org The readers of ...
ond rdf -

www kuroShin orpt

Unrecognized - View as HTML
the mazila.org website hitp./fwww.mozilla.ceginews htmi hitp://www.mozilla. com/firefox/

2008-0201 Nt /www maozilla org/projects/seamonkey/relesses ... S.".ﬁ?:,o,, rescurce directory
wiww.mozils. cep/news. rdf - wwaw gatbactiodo com

,120,000 hits on
"RDF filetype:rdf"

Unrecognized - Yiew as HTM
puoumngeammp Iiwww thecogister. co.uk/Design/graphics/Roeg_def:
The. Register_RSS pnghttp//www.theregister.co. meBmmlwﬂlmngﬂv COukK ...

www theregister. co uk/Tonys/slashdo rdf

(March, 2006)

3]! 4 http: £ iwww.google. farid i &q=rdf + fletype:rdf&ie=UTF-840e=UTF-§

ROE File Editors
Locking For RDF Editors?
Download Free Triall Start Teday

www Altova. com

Raf

Looking for RAf?

Find exactly what you want foday
www 8By com

AVA econ

ACvanced economic treatment systems
for hazardous/ non-hazardous waste
W AVE-8200, £0M

ontology filetype:owl - Coogle Search

Paid ads

Web Images Gmoups Nows Froogle Local mores

GOUgle il

Web

Sld Pmﬁle owly 1.1 2004/11/23 02:02:24 matthieu Exp $ OWL ...
- View a3 HIML

Sid. Profie o-A v 1.1 2004/11/23 02.02:24 matthieu Elp S OWL ontology for Advedisements
(ie Profies). This file belongs to the OWL-S Releas:
www.w3 org/Submission/2004 SUBM-OWL-S 2f'(\-“'22 Profile.ow -

ndil Ly 14 /11
mat: Unrecognized - View as HTML
n-n d the OWL-S ontology. see http.//www.daml.org/services/. This version is intended for
use with WSDL 1.1. The OWL-S Coalition plans to produce a future ...
www w3 ong/Submi s‘ur-/)() SUBM-OWL-S-20041122/Grounding owl
(L. )

Results 1-10 of about 1.

= Q- ontology Methoe owl

Semantic Web Conference
Leamn how Semantics will transform
the Intemet. San Jose CA Mar 2006

WWW_Semantic-Confersnce. com
i H
Visual RDF/OWL Editor

Free Trial. Leaders In XML IMwh’y
www Altova. com/Semant:

lationshi I
An enf subomo ofime (OWL-Time) 111111111111, Discover Data Relationships In
V’Y ub:’ View as P(‘YVL g Coru:l vd Cogito Knowledge Center
An"‘lrv!lboﬂblowdhmt(mnm) 11111111111111111111 www.Cogitolne. com/
W, i8] 6CL/~ PaNCamItIme/time-entry. owl Ontology
Whatever you're locking for

13,600 hits on
‘ontology filetype:owl"

du/ontology/puiication. owl -

ety umi

0o version number yet... Resource Ontology for OWL-S
» Format: Unrecognized - View as HTM

1o version number yel .. Resource Ontology for OWL-S.

www daml org/services/om-s/1 O/Resource owl

$id: Process.owl.y 1.53 2004/05/07 22:43:08 martin Exp $ Upper ..,
o Format: Unrecognized - View as HTML

you can get it on eBay.
www 0By com

Flash Thesaurus

145,000 words and 110,000 meanings.
Structure your knowledge
www.tho-amandoccar com

We can't hire smuﬂ uwnmm;h
fast encugh at

www.adapt comlc m-«a

Ontology
World's largest online Sorary

Over one milion books & articles
Questia com




Semantic WEB
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Data harvesting &
visualization

A little Semantics
goes a long way
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SEMANTIC Web

File Options Windows Bookmarks Advanced Help

MAl, P
ol = =

Address: file:/Users/hendler/Desktop/kimo.owl * ( Browse Local ) Current Store. | Local .
i B a’ Medialnfo Class Tree Instance Form

Europa (NaturalSatellite) -

) Europa Ol ;

description Europa is a moon of Jupite L

generatedBy  Jupiter_Web_Site - 4 e

New

hasAlias New

hasContactinfo o

hasUniversity New

fatitude e 9o

locatedin Milky Way 5 3 9

New
longitude R
Ok Cancel

Search: | <All> % Search ) [ Match Case

Digital asset management

™ S s [ v [0
ot T | s o s |

Tools for developers

) [
Q0 O O Crrmrmm o s s e (i)

o e Dskmarts s ol bt A - s o e e RF parent €. o G- wne " Gage et s Mt -

[ werp fove P com 4150007 |18 Adked Guastons on | butman ideo sdam wes 1

Bio-Central

Decluimer: This is & demonstration websitel Consider all iformation as contived snd unfounded.

We woukd B 1 extend our thanks 10 the MNDSWAP group t Unwersity of Maryland, for the use of ther software, vakable
deas and indspensable help in putting ths ste together
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Scientific portals

A little Web
goes a long way
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2006: The Gap Is Closing

A
Semantic Web applications of
varying complexity and applicability
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Applicability Across Domains
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SEMANTIC Web Lessons

« What we learned from Al...
e embedded Al succeeded, stand-alone did not
e tools are hard to sell
e reasoners are a means, not an end
e knowledge engineering bottleneck

e ...applied in the Web context
e futureproofing
* URIs are important
e good standards evolve
» languages (RDFS, OWL, RIF, ...)
e content!
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Semantic WEB Lessons

 Web needed high value sites
e personal (homepages, pets)
e public (hobbyists, govt)
* As these linked up, new
functionality emerged
* Yahoo, Alta Vista, ...

e New business models

followed...
e “give it away” (Netscape)
« marketplace (Amazon) « What do we need?
e advertising (Yahoo, Google) « Open Source Tools
e Semantic Web? « Open Source Datasets
e SHARE: GIVE IT AWAY!  Open Source Harvesters

SIS
9

; NOKIA
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Where Are the Agents?

 “Brave New Applications” o
e oOperate autonomously in “unanticipated” situations g
» exhibit robustness in the face of SCIENTIFIC

AMERICAN

(TOMORROW'S WE

« changing, inconsistent and unexpected data
 variations in reliability, trust

e capable of serendipitous behavior, opportunism

e Move from the “tool use” of personal
computing to systems that work on our
behalf

* (Semantic) Web services as “plumbing”
for agents

e emerging as we speak...
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Linking Is Power!
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Then a Miracle Occurs...

“I think you should be more explicit here in step two.”

frotn What s 5o Funny about Science? by Sidney Harris (1977)



Model Complexity

Looking Further Out

T
_ H

Applicability Across Domains
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Summary

 Most things we predicted have happened
e (or are happening at the moment...)

« Some things happened faster than we anticipated
 triple store scaling
e reasoner performance actually matters
e ontologies are there (but very little linking)

e Some things are yet to materialize (but we are hopeful)
e public information sources (as RDF, OWL, ...)
e digital convergence, pervasive computing just emerging
 little progress on agents

Now go out there and make some money off this...!

NOKIA

Connecting People




Any Questions?
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“A Little Semantics Goes A Long Way”
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