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My Background in 10 Bullet Points

mHP Europe
mEPFL M.Sc., Eurecom Institute + INRIA M.Sc.
m|IBM Watson Research (NY)

mEPFL Ph.D. (est thesis award 2006, EPFL Press Mention 2006)
m Emergent Semantics, RDF PDMS

mU.C. Berkeley
mMicrosoft Research Asia
maM.I.T.

m Database Systems

mSwiss NSF Prof. at Uni Fribourg




SW and ME

m Interested for years in sharing data on the Web
mRDF/S is the only reasonable solution!

m International Semantic Web Conference (ISWC)
m Co-organizer in 2007, 2009, 2010
mVice-Chair in 2011 (Bonn)
mPC-Chair in 2012 (Boston)

= Hope to see you there!

m Research Topics

mDecentralized Data Integration
mRDF Storage (P2P/Cloud)

mSemantic DNS



The Semantic Web Vision

m Provide interoperable, machine-processable
data on the Web

mMachines cannot meaningfully parse HTML pages

mRelational DBMSs were designed to be centralized
(implicit schema, local data, outside of the Web)

m XML i1s document-oriented

m Pushed by Sir Tim Berners-Lee
m Standardized by the W3C (RDF/S, OWL)

m Now promoted by major vendors & actors
m Google, Yahoo!, Facebook, Oracle,

mPharmaceuticals, Governments, News industry, etc.
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Advantages

m Standardized!
m Flexible schemas

m Also supports highly-expressive ontologies
m inference!
mEasy to
mexport (Rel2RDF)
mpublish (SPARQL end-point)
mdiscover (SW search-engines)
mconsume (standard libraries)
mintegrate (links bw datasets)



Application (1/3): Knowledge Bases

m US National Center for Biotechnology
Information, "Oncology Metathesaurus”

m 50,000+ classes, ~8 people supporting full time

= OWL DL rigorously followed = NJCRB|

m Provably consistent

m BBC World Cup 2010 Web Site

m Dynamic publishing

National Center for

Biotechnology Information

—
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Applications (2/3): Web Metadata

TickerSymbol Person Location
<
v mRNews
mNew IPTC

standard (News)
m Better news search
m Better news alerts

mBetter ad
placement

mBetter analytics

Headline Latest News
headlinedBy g \ =X
l-led< =
‘lh .“‘. —— e




Applications (2/3): Web Metadata

m Metadata parsing supported by major search
engines
GO Ugle | thai green mango salad

About 1,870,000 results (0.07 seconds) Gou
*4 Everything > Salad Thai Gneen Mango Salad Recipe . - 2 visits - 9 May
ik ik 7 reviews - 20 mins
(O] Images You asked for a one-page printable version of my step-by-step Green Mango
B Videos Salad recipe, so here it is! This salad will blow you away with its ...
o thaifood.about.com/.../thaisnacks/.../greenmangosalad.htm -
% News Cached - Similar

¥ More Green Mango Salad - Thai Green Mango Salad Recipe Q
This green mango salad recipe will blow you away with its tastebud-awakening ...
thaifood.about.com/od/thaisnacks/ss/greenmangosalad.htm - Cached - Similar

Fribourg
Change location #| Show more results from about.com
The web 5 Aug 2010 .. 080510 LizV mangoe JPG Thai Green Mngo Salad serves 2, 2| large green

Pages from Switzerland mangos, peeled and ﬁnely julienned 1 carrot, finely julienned ..

ww.thekitchn.com/.../salad/cool-recipe-thai-green-mango-salad-123700 - Cached - Similar
More search tools

m Also: Facebook Open Graph APl = !
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Application (3/3): Decentralized DBMS
b Castnet Ozone Map @ 6

Ozone Stations 84 o (3¢
B e e
1 : Ma Satellite | Hybrid
Land e {5 Wind Cave NP fom NPS o : |_Wap_1 Seioe e
27 Agne = ‘ 53ppb (Average Ozone level) v ‘ e ‘ L A\
! Coastal/Marsh | ‘ ‘ Land Use: Prairie ' '
1 Desert izl
40 Forest '
! Forest/And

2 Forest/Marsh v

Terrain
37 Rolfmg P
4 Mountaintop
1 Flat/Water
14 Flat
27 Complex
! Coastal NS

Agency
29 EPA
25 NPS

24:%

Ozone order

*30 03% Qa2 () Osa Oso

m Easy publication and integration of data

m Taken from data.gov

FAYAYAYAYAYAN
FAYAYAYAYAYAN
FaVAYAYAN
FAVAYAYAN
Fa¥a\

I\
10 UNIVERSITAS
FRIBURGENSIS



Application (3/3): Decentralized DBMS

m For the first time, a giant Web of Data is
emerging!
=| inked Open Data
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Building Block 1: RDF

m [riples!

1:subject, 2:predicate, 3:0bject

ex.. philippe made idmesh_paper:

1. http://data.semanticweb.org/person/philippe-cudre-mauroux
2: http://xmins.com/foaf/0.1/made

3. http://data.semanticweb.org/conference/www/2009/paper/60

m Everything is a URI!
mLiterals / XML data types also possible for object
m That's it!


http://data.semanticweb.org/person/philippe-cudre-mauroux
http://data.semanticweb.org/person/philippe-cudre-mauroux
http://xmlns.com/foaf/0.1/made
http://xmlns.com/foaf/0.1/made
http://data.semanticweb.org/conference/www/2009/paper/60
http://data.semanticweb.org/conference/www/2009/paper/60

Naturally Forms Distributed Graphs

db:Massachusetts
dbo:capital \dboieovemov
= / \ db:Deval_Patrick
db BOS‘\'On A) ‘inState dbo:nickname .

\

/ /dbo:popu\aﬁon

f - diorpios dvo:friend
J ‘dvoiniokams The Bay State
J dbo:population
2,320,4 db:Barack_Obama
Seantown 3,6 o dbo:livesIn o
xsd:integer
642,109 FollowsOnTwitter
xsd:1integer
FollowsOnTwitter
<http://www.w3.0rg/2010/Talkes/1107-rdf-sandro/slides> . /

<http://www.w3.org/
® N dsvestsy / People/Sandro/data

#Sandro_Hawke>
tfdb Boston dbo n1ckname "Beantown" i

*;db.Boston dbo:population "642109"~"xsd:integer.
{ db:Boston dbo:inState db:Massachusetts.

¢ db:Massachusetts dbo:capital db:Boston. )
vgdb:Massachusetts dbo:nickname "The Bay State". §

Graphs © Sandro Hawke, W3C
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A Bit of Structure

m RDF Schema (RDFS)

mlLike a DB schema but
Web-based

m Discoverable, sharable

mDefines classes,
subclasses, properties,
lists, etc.

mVocabularies
(schemas) can be
global (foaf) or local

Politcal Unit
City &
@
x
type type

Bos’fon\./
-/ \
Nickname

l Population
l

Beantown

642,109

xsd:integer
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RDF Schema Example

Political Umf

subC\assof

subC\assOf o
© state
cit type
". Massachuseﬂ's type gk
B omain
* e
W?e LA Capda\ /
80510" nS‘tafe Ntckname
/ Population O
' Population
Nioxvame The Bay State / 5
¢ Population
range
Beantown 2,320,400 J
xsd:integer

642,109
xsd:integer

® ssd:integer

m Provides structure! easier to check, process

IIIIIIIIIII
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XML Serialization

m Exchange format
m Not meant for humans (ugly!)
m Not meant for DBMS (verbose!)

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:db="http://dbpedia.org/resource/">
<rdf:Description rdf:about="http://dbpedia.org/resource/Massachusetts">
<db:Governor>
<rdf:Description rdf:about="http://dbpedia.org/resource/Deval Patrick" />
</db:Governor>
<db:Nickname>Bay State</db:Nickname>
<db:Capital>
<rdf:Description rdf:about="http://dbpedia.org/resource/Boston">
<db:Nickname>Beantown</db:Nickname>
</rdf:Description>
</db:Capital>
</rdf:Description>
</rdf :RDF>

FAYAYAYAYAYAN
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http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/resource/
http://dbpedia.org/resource/
http://dbpedia.org/resource/Massachusetts
http://dbpedia.org/resource/Massachusetts
http://dbpedia.org/resource/Deval_Patrick
http://dbpedia.org/resource/Deval_Patrick
http://dbpedia.org/resource/Boston
http://dbpedia.org/resource/Boston

RDFa

m Embedding RDF information in HTML pages
m Supported by Google, Yahoo, etc.

<body>
<div about="http://dbpedia.org/resource/Massachusetts">The
Massachusetts governor is
<span rel="db:Governor">
<span about="http://dbpedia.org/resource/Deval Patrick">Deval
Patrick
</span>,
</span>
the nickname is "<span property="db:Nickname">Bay State</span>",
and the capital
<span rel="db:Capital">
<span about="http://dbpedia.org/resource/Boston">
has the nickname "<span property="db:Nickname">Beantown</span>".

</span>
</span>
</div>
</body>

FAYAYAYAYAYAN
FAYAYAYAYAYAN
FAYAYAYAN
FAYAYAYAN
Fa¥a\

Fa¥a\

1 7 . UNIVERSITAS
FRIBURGENSIS


http://dbpedia.org/resource/Massachusetts
http://dbpedia.org/resource/Massachusetts
http://dbpedia.org/resource/Deval_Patrick
http://dbpedia.org/resource/Deval_Patrick
http://dbpedia.org/resource/Boston
http://dbpedia.org/resource/Boston

Building Block 2: SPARQL

m Declarative query language for RDF/S
m SQL for the Semantic WeDb!

prefix db: <http://dbpedia.org/resource/>
prefix dbo: <http://dbpedia.org/ontology/>

SELECT Z?cap
WHERE { db:Massachusetts dbo:capital ?cap }

IIIIIIIIIII
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http://dbpedia.org/resource/
http://dbpedia.org/resource/
http://dbpedia.org/ontology/
http://dbpedia.org/ontology/

Building Block 3: OWL

m The Web Ontology Language
m\Very expressive schemas! (ontologies)

mDescription Logics
. and several flavours

-Example OWL 2 EL axioms:

class inclusion (SubClassOf)
= class equivalence (EquivalentClasses)
m class disjointness (DisjointClasses)
= object property inclusion (SubObjectPropertyOf) with or without property chains, and data property inclusion (SubDataPropertyOf)
= property equivalence (EquivalentObjectProperties and EquivalentDataProperties),
= transitive object properties (TransitiveObjectProperty)
= reflexive object properties (ReflexiveObjectProperty)
= domain restrictions (ObjectPropertyDomain and DataPropertyDomain)
m range restrictions (ObjectPropertyRange and DataPropertyRange)

m assertions (Samelndividual, Differentindividuals, ClassAssertion, ObjectPropertyAssertion, DataPropertyAssertion,
NegativeObjectPropertyAssertion, andNegativeDataPropertyAssertion)

= functional data properties (FunctionalDataProperty)

= keys (HasKey)

FAYAYAYAYAYAY

m Inference! ex.: TransitiveObjectProperty(hasAncestor)
hasAncestor(x, y) n hasAncestor(y, z) — hasAncestor(x, z) &%
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Research Topic 1:

idMesh--Disambiguation of URIs

m The World, modeled as a collection of identifiers
mLinked Data
mSemantic Web
mRESTTful services
403

http://data.semanticweb.org/person/philippe—cud@

foaf:made

http://data.semanticweb.org/conference/www/2009/paper/60



http://data.semanticweb.org/person/philippe-cudre-mauroux

Naming & Decentralization

m [he great thing about unique identifiers is that
there are so many to choose from
m Top-down efforts to impose canonical ontological
names (instances) have failed largely

m Decentralized naming game
m Soaring dimensions in Web 2.0 / 3.0 contexts

http://semanticweb.org/id/Philippe_Cudre-Mauroux
http //data.semanticweb. org/person/phlllppe cudre mauroux

htt eople.csail.mit.edu/pcm/i

http: //semantlcweb org/wiki/Special: ExportRDF/Ph 3%A9-Mauroux
http://tw.rpi.edu/wiki/Special:ExportRDF/Phj

http://wiki.ontoworld.org/index.php/S Cudr%C3%A9-Mauroux
http://korrekt.org/index.php/S Cudr%C3%A9-Mauroux

http://prauw.cs.vu.nl:808
9% 2BCudre-Mauroux

FAYAYAYAYAYAN
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http://semanticweb.org/id/Philippe_Cudre-Mauroux
http://semanticweb.org/id/Philippe_Cudre-Mauroux
http://data.semanticweb.org/person/philippe-cudre-mauroux
http://data.semanticweb.org/person/philippe-cudre-mauroux
http://people.csail.mit.edu/pcm/
http://people.csail.mit.edu/pcm/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://lsirpeople.epfl.ch/pcudre/
http://semanticweb.org/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://semanticweb.org/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://semanticweb.org/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
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http://semanticweb.org/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://semanticweb.org/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://tw.rpi.edu/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://tw.rpi.edu/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
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http://tw.rpi.edu/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://tw.rpi.edu/wiki/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://wiki.ontoworld.org/index.php/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
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http://korrekt.org/index.php/Special:ExportRDF/Philippe_Cudr%C3%A9-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://prauw.cs.vu.nl:8080/flink/graph?profile=http%3A%2F%2Fwww.cs.vu.nl%2F%7Epmika%2Fsocionet%23Philippe%2BCudre-Mauroux
http://www.flickr.com/photos/28735240@N00/
http://www.flickr.com/photos/28735240@N00/
http://www.facebook.com/profile.php?id=1251943923
http://www.facebook.com/profile.php?id=1251943923
http://www.facebook.com/profile.php?id=1251943923
http://www.facebook.com/profile.php?id=1251943923

Entity Consolidation

m Urgent need to disambiguate / consolidate URIs

m URI directories
m semantic DNS ?

mPairwise, decentralized mechanisms

<rdfs:Class rdf:ID="Entity"/>

<rdf:Property rdf:ID="idMeshProperty">
<rdfs:domain rdf:resource="#Entity" />
<rdfs:range rdf:resource="#Entity" />
</rdf:Property>

<rdf:Property rdf:ID="LinkConfidence">
<rdfs:domain rdf:Statement />
<rdfs:range rdf:datatype="8&xsd;decimal" />
</rdf:Property>

<rdf:Property rdf:ID="EquivalentTo">
<rdfs:subPropertyOf rdf:resource="#idMeshProperty" />
</rdf:Property>

<rdf:Property rdf:ID="NotEquivalentTo">
<rdfs:subPropertyOf rdf:resource="#idMeshProperty" />
</rdf:Property>

<rdf:Property rdf:ID="Predates">
<rdfs:subPropertyOf rdf:resource="#EquivalentTo" />
</rdf:Property>

<rdf:Property rdf:ID="Postdates">
<rdfs:subPropertyOf rdf:resource="#EquivalentTo" />
</rdf:Property>

<rdf:Property rdf:ID="Equidates">
<rdfs:subPropertyOf rdf:resource="#EquivalentTo" />
</rdf:Property>

<rdf:Description rdf:about="http://www.epfl.ch/">
<idMesh: NotEquivalentTo rdf:ID="link0001"
rdf:resource="http://www.ethz.ch"/>
</rdf:Description>

<rdf:Description rdf:about="http://www.epfl.ch/">
<idMesh:EquivalentTo rdf:ID="link0002"
rdf:resource="http://en.wikipedia.org/wiki/EPFL"/>
</rdf:Description>

<rdf:Description rdf:about="#link0002">
<idMesh:LinkConfidence
rdf:datatype="8&xsd;decimal"> 0.9 </idMesh:LinkConfidence>
</rdf:Description>

FAYAYAYAYAYAN
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idMesh: Social Disambiguation

§ i) Trust Values
S ' for Sources
S
E Trust
é Constraint
3
Cl? Initial
3 Link Values
3
> Combined
__________________________________ - - <*—)qlue Functions /
ii) e o Priors for Links
]
S
N~
2 Inferred
€2 i €3 ‘:> 3 Link Values
lkA //ﬁ ) S
€4 2
S Graph
Constraints

Entity Graph

Probabilistic, social inference based on graphs
cf. World Wide Web 2009 paper
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Research Topic 2: GraphDB

m RDF has a data model that is very different from
relational data or XML

m Urgent need to develop highly scalable, native
stores

m GraphDB, a native graph-based RDF store
mon-the-fly schemas
mnovel graph indexing
mhighly-compressed template-based data
mdedicated query optimizer
mextensions for collaborative cloud storage

= 2 orders of magnitude faster than Oracle RDF
on most queries!

IIIIIIIIIII
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Conclusions

m Semantic Web provides machine-processable data
to the Web

m Standardized

m Currently growing exponentially

m Major companies are jumping on the bandwagon
m Many exciting research / R&D opportunities

m To go one step further: invited tutorial @ ISWC
http://people.csail.mit.edu/pcm/SemWebTutorial.html



http://people.csail.mit.edu/pcm/SemWebTutorial.html
http://people.csail.mit.edu/pcm/SemWebTutorial.html

Thanks for you Attention!

m Q&A

® ©@RYAN ETTER/NANCY SUESS
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