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Module 14 schedule

9.45-11.00 _ o
« Linked Data principles
 Vocabularies & datasets
11.00-11.15 | Coffee break
11.15-1230 1+ Open Government Data
« Tools
« Open issues & challenges
12.30-14.00 | Lunch break
14.00-16.00 1. |ntroduction to FactForge and LinkedLifeData
 The "Modigliani test” for the Semantic Web
16.00-16.30

Coffee
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Module 14 outline

 Linked Data principles

« Vocabularies & datasets

« Open Government Data

 Tools

 Openissues & challenges

* Introduction to FactForge and LinkedLifeData
« The "Modigliani test” for the Semantic Web
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:ontotext GATE
Linked Data

“To make the Semantic Web a reality, it iIs necessary to have
a large volume of data available on the Web in a standard,
reachable and manageable format. In addition the
relationships among data also need to be made available.
This collection of interrelated data on the Web can also be
referred to as Linked Data. Linked Data lies at the heart of
the Semantic Web: large scale integration of, and reasoning
on, data on the Web.” (W3C)

 Linked Data i1s a set of principles that allows publishing,
guerying and browsing of RDF data, distributed across
different servers

 similar to the way HTML is currently published & consumed
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Linked Data design principles

1. Unambiguous identifiers for objects (resources)
 Use URIs as names for things

2. Use the structure of the web
« Use HTTP URIs so that people can look up the names
3. Make is easy to discover information about an
object (resource)

When someone lookups a URI, provide useful
Information

4. Link the object (resource) to related objects

. Include links to other URIs
#6
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Linked Data evolution — Oct 2007

BBC
Later +
TOTP

Sem-
Web-
Central

RDF Book
Mashup

DBLP
Hannover

Project
Guten-
berg
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Linked Data evolution — Sep 2008

ECS
South-
ampton

Audio-
Scrobbler

MySpace

Flickr
exporter

Wrapper

8BC X \
Playcount | | Jamendo 3 e
Data ~ X 3 >
1‘ ‘7.-" ’ S
i ~ ——
Magna- |- - ~ N S
tune i Hhao-
0 o N RDF Book
8aC e N Mashup
Programmes / 2> Linked DBLP
MDB Berlin
us Y o
Census 1 pub RKB
Data Guide Explorer
UMBEL DBLP
Project Hannover
Guten-

berg

As of September 2008
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Linked Data evolution — Jul 2009

BBC
Playcount
Data

Semantic
wWeb.org

Audio-
Scrobbler

MySpace
Wrapper

BBC Music | | @

v/

BBC

National
Science
Foundation,

Project
Guten-

Virtuoso
Sponger

Programmes

()¢
.

RDF Book
Mashup

Linked
GeoData

|<—§| ProDom

As of July 2009
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Linked Data evolution — Jul 2010

« 50+ Interlinked datasets
« 20 billion RDF triples
« Data.gov + data.gov wiki — 11.5 billion
 LinkedGeoData — 3 billion
 UniProt — 1.1 billion
 DBpedia — 1 billion
« US Census Data — 1 billion
 PubMed - 0.8 billion
» AudioScrobbler — 0.6 billion

° Freehace — O 1 bhillion
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Linked Data example — Montreal

& FactForge

RDF Search and Explore | SPARCL Cu

. . ROF Rank .
Montréeal —— RDF Search and Explore:

Montreal is the second-largest city in Canada and the largest city in the province of

Quebec. Originally called Ville-Marie, or "City of Mary", the city takes its present
name from Mont-Royal, the. .

Source: http:/dbpedia.cra/rescurce/Montreal
Same as: hitp:isws geonames.ora/8077243, umbelen:Montreal, yagoe:Mentreal, hitp:isws geonames.orq/8077244/,
nytimes:N59179828585486530801, dbpedia:Montreal. Quebec, fbguid 920238c04000541 f2000000000028aa7, dbpedia:Funtreal

| Subject (100 of 2516) || Predicate || Object || Al | View as Graph | Tabulator Download in JSON | RDF | N3/Turtle | N-Triples
Statements in which the resource exists as a subject. Named Graph: All ~ Locale: English w Inference: Explicit only -
rdf-type city

Districts

Feature

http:/fwww._opengis_net/gml! Feature
Municipality
opencyc: Mxdn\VIACZwpEbGdreNEY29ycA
opencye:Mxdrn\ViiHpwpEbGdreNEY 2%y cA
place
lace
populated place
Thing
Village
same as Montréal

Montréal

Maontréal

comment Mentreal is the second-largest city in Canada and the largest city in the province of Quebec. Originally called
Ville-Marie, or "City of Mary”, the city takes its present name from Mont-Royal, the triple-peaked hill located
in the heart of the city, whose name was also initially given to the island on which the city is located, or Mont
Reéal as it was spelled in Middle French, (Mont Royal in present French).@en

label Funtreali@en
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Linked Data example (2)

« The description for Montreal on FactForge
aggregates data from
»  DBPedia
GeoNames
Freebase
« NY Times
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Linked Data example (3)

=P @ @ @ D http://dbpedia.org/page/Montreal

About: Montreal
An Entity of Type : place, from Named Graph : http://dbpedia.org, within Data Space : dbpedia.org

Montreal is the second-largest city in Canada and the largest city in the province of Quebec. Originally called Ville-Marie, or "Ci
city, whose name was also initially given to the island on which the city is located, or Mont Réal as it was spelled in Middle Fre

Property Value

dbpedia-owl-PopulatedPlace/arealrban = 1677.0
= 1675.722307387392

dbpedia-owl-PopulatedPlace/populationMetroDensitya 854.0

Montréal ca. 20 m

Canada » Quebec » Montréal
post office

N 45° 31' 9" W 73° 33' 17"
45.51928 / -73.55497
GeoNameld : 6077244

dbpedia-owl:PopulatedPlace/populationUrbanDensity 1978.0
dbpedia-owl-abstract = Montreal (deutsch, englisch) bzw. Montréal (franzdsisch) ist mit 1.6 Mia

Montreal leben etwa 3.7 Millionen Menschen. Montreal liegt im Osten
Rallunnsaehiet qilt sie als zweitorilte franzisischsorachine Stadt der
~ http:/fwww.freebase.com/view/en/mentreal

displaying Geonames id : 6077244
refresh to display all features in area

GeoNames Wikipedia

Montreal

Serall ta: Embed this Topic &
Olympic host city

Filming location

Montreal (French: Montréal; pronounced [m3se al] ( listen) in
e French, { mantri'a:lfin English) is the second-largest city in

destination X 2 Canada and the largest city in the province of Quebec. Originally

Sports Team called Ville-Marie, or "City of Mary”, the cily takes its present name
— Location from Mont-Royal, the triple-peaked hill located in the heart of the
city, whose name was also initially given to the island on which the
city is located, or Mont Réal as it was spelled ... More

W Read article at Wikipedia

e of Date founded: May 17, 1642

Governmental
Jurisdiction

Location

LY Time zone(s): MNorth American Eastern Time Zone
More... Area: 365.13652 kom® (140.98 mi*)

Also known as: Montreal, Quebec, Canada, Montréal, Montreal, Canada, Montreal, Quebec

Olympic host city

Olympics hosted

1976 Summer Olympics

The 1976 Summer Olympics, officially known as the Games of the
XX Olympiad, were an international multi-sport event celebrated in
Montreal, Quebec, Canada, in 1976. Montreal was awarded the
rights to the 1976 Games on May 12, 1970, at the 69th IOC Session
in Amsterdam, over the bids of Moscow and...

Edit this topic

Last edited Al

Name fo L
Related Topics 1 ® Montréal Canada post office 0 km

Export : csv 42, png 2

Atlanta

Los Angeles

Boston

Sydney

Montreal elsewhere on the

i Official Website #14
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Why use Linked Data?

« Facllitate data integration
« Use LOD as an “interlingua” for EDI

 Additional public information can help alignment and linking

« Add value to proprietary data

* Public data can allow enhanced content and more
analytics on top of proprietary data

« E.g. linking to spatial data from GeoNames, search for images

« Better description and access to content

« Make enterprise data more open & accessible

 Public identifiers and vocabularies can be used to access

them
#15
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Success Stories

« BBC Music

* Integrates information from MusicBrainz and Wikipedia for
artist/band infopages

 Information also available in RDF (in addition to web
pages)

« 3" party applications built on top of the BBC data

« BBC also contributes data back to the MusicBrainz

e NY times

« Maps its thesaurus of 1 million entity descriptions (people,
organisations, places, etc) to DBpedia and Freebase

#16
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Vocabularies

« Existing vocabularies make publishing &
Integrating Linked Data easier

*  Friend-of-a-Friend (FOAF)

Vocabulary for describing people (names, contact info, ...)
Dublin Core (DC)

Vocabulary for general metadata attributes (author, topic, ...)

«  Semantically-Interlinked Online Communities (SIOC)

Social Web data

#18


http://xmlns.com/foaf/0.1/
http://dublincore.org/documents/dcmes-xml/
http://dublincore.org/documents/dcmes-xml/
http://dublincore.org/documents/dcmes-xml/
http://sioc-project.org/
http://sioc-project.org/
http://sioc-project.org/

:ontotext GATE
Vocabularies (2)

« Existing vocabularies (contd.)
SKOS

. GoodRelations

Vocabulary for describing products and business entities

Music Ontology —
« Lined Open Description of Events (LODE) —

. Creative Commons —

#19


http://www.w3.org/2004/02/skos/
http://www.heppnetz.de/ontologies/goodrelations/v1
http://musicontology.com/
http://linkedevents.org/ontology/
http://creativecommons.org/ns

o

“:ontotext

Vocabularies (3)

The GoodRelations Ontology for E-Commerce

Language Overview - UML Class Diagram

http:/purl.org/goodrelations/

Version 1, Release 2010-04-12
Martin Hepp. mhepp@computer.org

gr:BusinessEntity
gr:hasNAICS xsd:int
gr:hasISICv4 xsd:int
gr:legalName untyped literal
gr:hasDUNS xsd:string

gr:hasGlobaILocationNumber xsd :string

! gr:eligibleCustomerTypes

growns

[gr:BusinessEntityType |

ar:Wi tyPromise

gr:hasWarrantyScope

rdurationOfWarrantylnMonths xsd:int

grhasPOS

gr:availableAtOrFrom

gr:Offering

~ / rincludes

gr:hasOpeningHoursSpecification

gropens xsd:time

grcloses xsd:time

grvalidFrom xsd:dateTime
rvalidThrough xsd:dateTime

gr:hasOpeningHoursDayOfWeek

gr:hasNext
gr:hasPrevious

gr:PaymentMethodCreditCard

gr:hasEAN_UCC-13 xsd:string
gr:hasGTIN-14 xsd:string

gr:hasStockKeepingUnit xsd:string

gr:eligibleRegions xsd:string
gr:validFrom xsd:dateTime
gr:validThrough xsd:dateTime
gr:availabilityStarts xsd:dateTime
gr:availabilityEnds xsd:dateTime

-

\

grinclude; igv:hasMak?AndModd
\ \)‘ H,:munofs-wicns«cmhmnuli’mmmr —
w

gr:availableDeliveryMethods gr

gr:ehglbleTransac\ionVolume\

gr:acceptedPaymentMethods

Objec]

gr:typeOfGood

gr:TypeAndQuantityNode

gr:amountOfThisGood xsd float
gr:hasUnitOfMeasurement xsd:string

gr:typeOfGood

gr:serialNumber xsd:string

gr.greater

grilesser

gr:lesserOrEqual ———
l_ A gr:greaterOrEqual j

gr:equal

fe————
f<— gr:nonEqual :

gr:QualitativeValue

r

gr:qualitativeProductOrServiceProperty

gr:hasMakeAndModel

gr:ProductOrService

gr:ProductOrServiceMode

grisVariantOf
gr:successorOf
gr:predecessorOf

i el 4
gr:deliveryLeadTime

gr:eligibleDuration

gr:QuantitativeValuelnteg
xsdi

yLevel

gr:datatypeProductOrServiceProperty any
gr:hasEAN_UCC-13 xsd:string
gr:hasGTIN-14 xsd:string
r:hasStockKeepingUnit xsd:strin

grisConsumableFor

grisSimilarTo

y artFor

gr:quantitativeProductOrServiceProperty

gr:DeliveryModeParcelService

gr:appliesToPaymentMethod

gr:appliesToDeliveryMethod

gr:eligibleRegions xsd:string

int
gr:hasMinValuelnteger xsd:int

grhasCurrency xsd:string

xsd !
hasMaxValueFloat xsd:

float |-
at

[ grQuantitativeValue |
WlgrhasunioMeasurement xsdsiring

gr:t Quantity

or 3
gr:hasMaxCurrencyValue xsd-float
grhasMinCurrencyValue xsd:fioat
grhasCurrencyValue xsd-float
grvalidFrom xsd:dateTime
gr-validThrough xsd:dateTime

greeligibleTransactionVolume

gr:Us

orpriceType xsdstring

grhasUnitOfMeasurement xsd:string

gebilingincroment xsdfioat

Notes:

1. The following GoodRelations elements are not shown in this diagram because they are only shortcuts for simpler annotation or querying. See the

gr:hasMinValue (shortcut for querying

sMaxValue (shortcut for querying
sValueFloat (shortcut for setting both

grhasValuelnteger (shortcut for setting both

at http//purl,

loat and in one turn)
loat and in one turn)
at and at ies to the same value in one turn)
and

to the same value in one turn)

Also, the class gr:N-Ary-Relations is not shown, because it is just a helper class to collate all classes that represent n-ary relations that OWL cannot handle otherwise.

2. For the recommended cardinality of attributes, see the

Language at http/purl

Red highlighting indicates elements added or changed in this release.

for details.:

Y CoodRelations

p s—

® The Web Ontology for E-Commerce

20
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Datasets

 DBpedia
« Linked Data version of Wikipedia

« 3.5 million entities, incl. 410K places, 310K persons,
146K species, 140K organisations, 95K music albums,
50K films, 33K buildings, 15K videogames, 5K diseases

«  Descriptions available in 90 languages

« 1 billion triples, 10 million links to external RDF
datasets

Ontology — 260 classes, 1200 properties, 1.5 million
Instances

#21


http://www4.wiwiss.fu-berlin.de/dbpedia/dev/ontology.htm
http://www4.wiwiss.fu-berlin.de/dbpedia/dev/ontology.htm
http://www4.wiwiss.fu-berlin.de/dbpedia/dev/ontology.htm

T.rontotext GATE
Datasets (2)

 Freebase
«  Similar to DBpedia
«  Higher data quality but ten times less data

« (GeoNames
« Information about 6 million places
Ontology:

« MusicBrainz
« 55K artists, 22K albums, 36 million triples

#22


http://www.geonames.org/ontology/ontology_v2.1.rdf
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Data.gov

=== An Official Web Site of the United States Govermment

QL DATA Gov

FMPOWERING PEOPLY

HOME DATA ¥ TOOLS COMMUNITY

DEEPWATER
HORIZON
RESPONSE

VIEW MORE »

Nith so much government data to work with
developers are creating a wide variety of

Thursday, August 19, 2010 | Text: A*A~ A  Share[®

METRICS DIALOGUE GALLERY WHAT'SNEW

Most Popular Datasets

1. Food and Drug Administration—Recalls
2. Worldwide M1+ Earthquakes, Past 7 Days
3. AVAILABLE TECHNOLOGIES

4. TSCA Inventory

. 2000 Federal Register in XML

S

WUR CATALOGS

Search our catalogs.. SEARCH »

COMMUNITY

Data.gov is leading the way in democratizing
public sector data and driving innovation. The
data is being surfaced from many locations
making the Government data stores available to
researchers to perform their own analysis.
Developers are finding good uses for the
datasets, providing interesting and useful
applications that allow for new views and public
analysis. This is a work in progress, but this
movement is spreading to cities, states, and

SEMANTIC WEB

As the Web of linked
documents evolves to
include the Web of
linked data, we're
working to maximize the
potential of Semantic
Web technologies to
realize the promise of
Linked Open
Government Data.

#24
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Data.gov.uk

& HM Government

What are you looking for?

data.gov.uk @ | searcn |

Data Apps ldeas Forum Wiki Blog

or Sign up
Transparency is at the heart of this Government.
Data.gov.uk is home to national & local data for

EF] Data.gov.uk - site redesign
free re-use.

AUG

«J Data | view all data

Combined Online Information...
by HVT = drdrirded

The Combined Online Information System
(COINS) 15 a database of UK.

Higher Education Statistics...
by BIS | i

This dataset provides a summary academic
staff (excluding atypical)...

{} Apps | view all a

Higher Education Statistics...
by BIS = drdrdrirdr

This dataset provides a summary academic
staff (excluding atypical)...

Higher Education Statistics...
by BIS | i

This dataset provides a summary academic
staff (excluding atypical)...

View all tags

health (¥25) care (435)
heaith-and-social-care (427)
populafion (388)

heaith-well-being-and-care (327)

.Ideas | view all

share your app

hare your idea

Where Can | Live? Post Box Finder Link Post Code to Go...
by Christopher Osborne | e by Matthew Sommenrville | e Open a data set which allows the look up #25
f thm fnll ina infarmaatinn bar et o
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Data.gov.uk (2)

« “...we will aim for the majority of government-
published information to be reusable, linked
data by June 2011; and we will establish a common
licence to reuse data which is interoperable with the
Internationally recognised Creative Commons
model.” (UK Government, Dec 2009)

#26
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Some statistics

« Data.gov
2,400 datasets
Contributed by 90 agencies

... but only 400 datasets RDFized at present

6.5 billion triples / 0.5 billion entities

« Data.gov.uk
. 3000 datasets

H27
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ThisWeKnow

This we Know: About : Team : New

Explore U.S. Government Data About Your Community.

Enter a Location... m

e.g. "Bridgeport, CT™, "90210", "Miami, FL", "Los Angeles, CA"

Least Toxins: Most Nomadic: Lowest Unemployment:

: &

-

-~ -
g -%
-XO L
e e -

Iy \ =
1. Altamonte Springs, FL 1. Emlenton, PA 1. Dickinson, ND
2. Dahlonega, GA 2. Fort Benning, GA 2. Miller, SD
3. Bladensburg, MD 3. Fort Campbell, KY 3. Los Alamos, NM
4. Republic, MO 4. Camp Lejeune, NC 4. Selden, KS
5. Beaufort, NC 5. Camp Pendleton, CA 5. Fort Pierre, SD

Explore More » Explore More » Explore More »

JS Census 2000 Source: Local Area Unemployment Statisti

28
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ThisWeKnow (2)

This We Know: | Pao Ao, cA

Palo Alto, CA

There are 85,210 Home Owners and 55,243 Renters i

WNERS RENTERS

85210 55243

Speak SPARQL?

SPARQL » Show the query that generated this page =

FREFIX o: <http://www.data.gov/oantologyf>
FREFIX ui: <http://www.thisweknow.orglfuif>
FREFIX rdf: <http:// www.w2.org/1993/02/22-rdf-syntax—n=f>
FREFIX rdfs: <http://www.w2.o0rg/2000/01/cdf-schemaf>
FREFIX dc: <http:/ purl.org/dc/element=/1.1/>
FREFIX dcterms: <http://purl.org/dc/terma/>
FREFIX owl: <http://www.w2.org/2002/07/owli>
FREFIX geo: <http://www.wl.org/2003/01/geo/wg=84 po=i>
FREFIX =amp: <http://www.rdfabout.com/rdf/=chema/uscensus/details/=amp/>
FREFIX foaf: <http:/ xmlns.com/Eocaf/0.1/>

=et <parent> = [
SELECT ?pl ?p2 FROM <census> WHERE {
?pl doterms:isPartDE 2p2 .
FILTER [?pl=<http: //www.rdfabout.com/rdf /fusgov/geo/us/cafcounties/2an mateo_county/san mateo/east_palo alto>}
H
1

select 7owners ?town ?renters Ztown
from <ocensus datal»

from <ocensus data>

from <censusr

where |

?town <tag:govshare.info,2005:rdf/census/detaila> [
samp : occupiedHousingUnits [
samp: renterOoccupied [rdf:value ?renters ];
samp : ownerJoccupied [rdf:value Zowners]
1;
=amp:populationS¥earsAndCver [
samp:differentHouselnl3535 [rdf:value ?different];
samp: sameHouseInl3535 ?same;
rdf:value Zpop
1
1.
<parent>([?pl, ?p2]
Eilter (?town=2pl| | 2town=2p2)
H

SPARCL is an RDF query language ThisWeknow uses to formulate the information displayed on these pages.
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Linked Data browsers — Marbles

« XHTML views of RDF data (SPARQL endpoint),
caching, predicate traversal

Open

* ) marbles

hittp://

http://dbpedia.org/resource/Montreal

MR T e, B b, W

failed, retrieved Tue, 17 Aug 2010 14:29:19 GMT (clear)
17 Aug 2010 14:29:18 GMT (clear)

sucoess (200), retrieved Tue, 17 Aug 2010 14:29:22 GMT (clear)
uccess (200), retrieved Tue, 17 Aug 2010 14:23:52 GMT (clear)

failed, retrizved Tue, 17 Aug 2010 14:29:18 GMT (clear)
failed, retrieved Tue, 17 Aug 2010 14:29:17 GMT (clear)

¥ http://dl
http:
{ htto:/iw

§_ htto:/iv
AL http
ak http:



http://marbles.sourceforge.net/

“:ontotext

Linked Data browsers — RelFinder

 Explore & navigate relationships in a RDF graph

RelFinder 5/ we f @ & lmaMater Status
between examples i .
Sir George Williams ... Howard Alper
(1) Concordia University
(2) McGill University
add clear Find Relations
+

Filter by: relations: (17/17)

#% length @ class @& link 4 conne. redirect almaMater

number of ohjects num wi Urban area

1 5/5 ©

2 12/12 | ®

aHiliation Association of Unive... EEMEE campus
Public university
type type
regionSernv...
Il McGill University
—
country
Montreal en | v |l%
rovince
More Infos: dbpedis.org ? =
ville.montreal.gc.ca = =y SLmE
enwikipedia.org
state
> =T tushec location
Stingers
Loyola College (Man... Association of Amer...
province
province

Maontreal is the second-largest city in Canada and

the largest city in the province of Quebec,

Originally called Ville-Marie, ar "City of Mary", the

city takes its present name fram Mont-Royal, the [

triple-peaked hill located in the heart of the city, | 7|



http://relfinder.dbpedia.org/

T ontotext
Linked Data browsers — OpenLink RD
Browser

Explore & navigate relationships in a RDF graph

OpenLink RDF Browser

Data Source (URL):

hitp://dbpedia.org/resource/Montreal Query

http://dbpedia.ora/resource/Montreal & - 1936 triples - Remove from storage - permalink
TOTAL: 1936 triples - parmalink

Filters

No filters are selected. Create some by clicking on values in Categories you want to view.

m Raw triples Grid view SVG Graph Yahoo Map Timeline Images Tag Cloud
This module is used to navigate through locally cached data, one resource at a time. Note that filters are not applied here.

Ville de Montréal

¥ type
City
PortCitiesInCanada
HostCitiesOfTheSummerOlympicGames
MxdrwPfliclwpEbGdrcNSY29ycA
Settlement
8 more...

Ville de Montreal
City of Montreal

N59179828586486930801

id

CitvOfMontrealCanada
CitvOfMontrealCanada
Mx4rvViBUSWPEbGdreNSY29ycA
44 more...

¥ maximumElevation

#33


http://demo.openlinksw.com/DAV/JS/rdfbrowser/index.html
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DBPedia Mobile

GATE

« Based on user's GPS position, renders a map with
nearby places of interest (from DBpedia)

Review
A mustsoe! Very crowdod on weokenda

M Conole | < | poapies
DBpedia Mobile's map view of resources in the user's
proximity is the large plaza

Tiananmen Square

near the center of
Beijing, China, )
named after the

J
P
| Tiananmen (literally, Gate of Heavenly Peace)
| | which sits to its north, separating it from the
Forbidden City. It has great cultural

rinmafinanmn an A somhal hasaosa o woae

A Fresnel-generated summary view of a resource that
includes a review obtained from Revyu

#34


http://wiki.dbpedia.org/DBpediaMobile

T ontotext |
Pubby — A Linked Data Frontend for GATE
SPARQL Endpoints

« Linked Data interface to local/remote SPARQL endpoints
URI rewriting of SPARQL resultsets
Simple HTML interface

HTML RDF SPARQL

Browsers Browsers Clients
HTML _ Linked Data | | SPARQL
i i ‘

|

L= — Flubb'!'r I,-'I Tri |'.'.I'|E
Store

#35


http://www4.wiwiss.fu-berlin.de/pubby/
http://www4.wiwiss.fu-berlin.de/pubby/
http://www4.wiwiss.fu-berlin.de/pubby/
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Open 1ssues & challenges
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Linked Data — open Iissues

« LOD s hard to comprehend
«  Schema diversity & proliferation

« Quality of data is poor

« Many of the datasets are well positioned to serve as
“master data” but their quality is very far from the
enterprise standards

No kind of consistency is guaranteed

« [Issues with reliability of data end-points
«  High down-time is not unusual
 There is no any kind of SLA provided

#37
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Linked Data — open issues (2)

 Querying of linked data Is slow

« Data is distributed on the web
Federated SPARQL gueries are slow

Even single SPARQL endpoints can be slow

Most end-points are experimental/research projects with no
resources for quality guarantees

 Licensing issues
* majority of datasets carry no explicit open license

« Copyright-based licenses (CC) are difficult to apply to
factual data

#38
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Linked Data — licensing issues

Flickr
exporter

MySpace
Wrapper

National
Science

FOAF
profiles

Project
Guten-
berg

Virtuoso
Sponger

v 4 Vaw il
Linked dia | Mashup
GeoData / Freebase
NJ

DBLP
Berlin

Species

Homolo

Gene
\

CC-BY-NC-SA
¥ puBLIC DOMAIN
CC-BY-SA

- GFDL

CC-BY

77 custom LOD Cloud as of July 2009

(c) Leigh Dodds

License Survey Date: 20th

October 2009 # 3 9
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Weaving The Pedantic Web

 [|nitiative of DERI / KIT

 Goals
«  Analyse most common errors in RDF publishing

Propose possible approaches to avoid (publisher side)
or deal with (consumer side) such errors

#40


http://pedantic-web.org/
http://pedantic-web.org/
http://pedantic-web.org/

T rontotext
Weaving The Pedantic Web (2)

GATE

Dereferencability issues

Incompleteness No structured data available

Misreported content types
RDF/XML Syntax Errors

Atypical use of collections, containers and reification

Use of undefined classes and properties

Misplaced classes/properties

Incoherence Misuse of owl:DatatypeProperty (ObjectProperty)

Members of deprecated classes/properties

Malformed datatype literals

Literals incompatible with datatype range

Ontology hijacking

Hijacking Bogus owl:InverseFunctionalProperty values
Ontology hijacking

Inconsistencies Literals incompatible with datatype range

OWL inconsistencies #A41




T rontotext GAT>E
Weaving The Pedantic Web (3)

« Dereferencability issues
«  URI lookup returns an error (violates 3 LOD principle)

 Orresults in a redirect (with the wrong code)

« No structured data available
. RDF data should be returned

«  Misreported content types

« A consumer application needs the correct content type
In order to decide if it can consume the content (should
be application/rdf+xml)

#H42



L.rontotext G ATE
Weaving The Pedantic Web (4)

« RDF/XML Syntax Errors

« Atypical use of collections, containers and
reification
« Use of undefined classes and properties

« although not prohibited, ad-hoc/undefined classes and
properties lead to more complex data integration and
less effective inferences

 Misplaced classes/properties

« Sometimes, a URI defined as a class is used as a
property or vice versa (such usage ruins the inference)

#43
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Weaving The Pedantic Web (5)

 Members of deprecated classes/properties

« Malformed datatype literals / Literals incompatible
with datatype range
 Bogus owl:InverseFunctionalProperty values

When two resources have the same value for an
Inverse-functional property the reasoner will treat them
as equivalent

« Ontology hijacking

« Redefinition by 3" parties of external classes/properties
affects the reasoner results

#44
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Introduction to FactForge and
LinkedLifeData
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Reason-able Views to the Web of Dat:

 Reason-able views represent an approach for
reasoning and management of linked data

 Integrate selected datasets and ontologies in one dataset

» Clean up, post-process and enrich the datasets if necessary

« Load the compound dataset in a single RDF repository
« Perform inference with respect to tractable OWL dialects
* Define sample queries against the integrated dataset

#46
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Reason-able Views: Objectives

* Make reasoning and query evaluation feasible

« Guarantee a basic level of consistency

« The sample queries guarantee provide “regression tests” w.r.t. the
consistency of the data

« Guarantee availability
« Better usability for querying and data exploration

« URI auto-complete and RDF search

« Sample queries provide re-usable extraction patterns, which reduce
the time for learning about new datasets and their inter-relations

#47
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Two Reason-able Views to the Web of

Linked Data

* FactForge
 Integrates some of the most central LOD datasets

« General-purpose information (not specific to a domain)

« 1.2B explicit plus 1B inferred statements (10B retrievable)
« The largest upper-level knowledge base

« http://www.FactForge.net/

* Linked Life Data
« 25 of the most popular life-science datasets
« 2.7B explicit and 1.4B inferred triples
« http://www.LinkedLifeData.com

#48
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Linking Open Data Datasets and
Views
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FactForge: Fast Track to the Center o@
the Web of Data

« Datasets

e DBPedia, Freebase, Geonames, UMBEL, MusicBrainz,
Wordnet, CIA World Factbook, Lingvoj

* Ontologies
* Dublin Core, SKOS, RSS, FOAF

* Inference
« materialization with respect to OWL 2 RL

« owl:sameAs optimization in OWLIM allows reduction of
the indices without loss of semantics

#50
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FactForge: Fast Track to the Center o@
the Web of Data (2)

* Free public service at http://www.FactForge.net
* Very fast incremental URI auto-completion

* Querying and exploration through Forest and Tabulator
 RDF Search: retrieve ranked list of URIs by keywords

« SPARQL end-point

:%: FactForge

FactForge represents a reas

on-able view 8 to the web of data@. It aims to allow users to find
data, like web search engines index WWW pages and facilitate their usage.

RDF Search and Explore

Keyword search retrieves a ranked list of RDF molecules. The automatic

Structured queries can be defined using a SPARQL Form.

Repository overview
Engine: Big-OWLIM-3.3
Inference ruleset: factforge.pie (more [&)

Number of expl. stat ts: 1,357,013.225

Number of entities: 404,796,665
Number of Literals: 259,578,031

fMinder | About | Contact

resources and facts based on the semantics of the

suggestions allow direct exploration of URIs.

Number of retr. stat ts: 9.818,667.408

Number of URI: 145,218 491
Number of Bnodes: 143



http://factforge.net/

“»ontotext

‘FactForge — Loading and Inference

GATE

Statistics

Explicit Inferred Total # of Entities

Dataset Inc!exed In(!exed St?red (‘000 o.f Inferred

Triples Triples Triples nodes in closure

('000) ("000) ('000) the graph) ratio
Sechmata and ontologies 11 7 18 6 0.6
DBpedia (categories) 2,877 42,587 45,464 1,144 14.8
DBpedia (sameAs) 5,544 566 6,110 8,464 0.1
UMBEL 5,162 42,212 47,374 500 8.2
Lingvoj 20 863 883 18 43.8
CIA Factbook 76 4 80 25 0.1
Wordnet 2,281 9,296 11,577 830 4.1
Geonames 91,908 125,025 216,933 33,382 1.4
DBpedia core 560,096 198,043 758,139 127,931 0.4
Freebase 463,689 40,840 504,529 94,810 0.1
MusicBrainz 45,536 421,093 466,630 15,595 9.2

1,177,961

881,224

2,058,185

283,253

#52
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Fact Forge — post-processing

« Several kinds of post-processing were performed
- Goal: to allow easier navigation and browsing

- E.g. preferred labels, text snippets, RDF Rank for nodes
- Results available through system predicates

* Final Statistics
— Number of entities (RDF graph nodes): 405M
— Number of inserted statements (NIS): 1.2B
— Number of stored statements (NSS): 2.2B

— Number of retrievable statements (NRS): 9.8B

— 7.6B statements “compressed” through OWLIM'’s owl.:sameAs
optimisation
#53
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‘GlUess who is the most popular GATE
German entertainer?

PREFIX rdf: .. (run the query at http://factforge.net/sparql)

SELECT * WHERE ({
?Person dbp-ont:birthPlace ?BirthPlace ;

rdf: type opencyc:Entertainer ;
ff:hasRDFRank ?RR .

?BirthPlace geo-ont:parentFeature dbpedia:Germany .
} ORDER BY DESC (?RR) LIMIT 100

« Without FF, answering such gueries in real time is impossible
« Used data from: DBPedia, Geonames, UMBEL and MusicBrainz

« The most popular entertainer born in Germany is:

» Asking factual questions to a global KB can bring unexpected and strange
results 9YJISZ1aIN 4

 We ask who is the most popular person, who qualifies as an entertainer
« It uses a simple notion of popularity: RDFRank



:ontotext GATE
Linked Life Data

 Quick facts
« Integrates more than 25 popular data sources
« 5 hillion RDF statements, 0.5 billion entities
Querying & exploration of integrated data
Public SPARQL end point

#55


http://linkedlifedata.com/
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Linked Life Data— ETL process

Ontologies and Thesauri

Unified Medical Language System

F
; £ &E

The Open Biomedical Ontologies

..‘

.
Drugs
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OrugBank < |
.,
.

Linked Life Data
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b
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~
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J
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Linked Life Data— ETL process (2)

Data Source

GATE

ldentification
v v v v
Flat files OBO files XML RDBMS RDF
v v v v
Special tailored OBO to SKOS RDBMS to
transformer converter Custom XSLT RDF formatter
| | | I
]
RDF warehouse
I |
Instance Semantic
Reasoner ) :
Mappings Annotations

#58
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Linked Life Data — triple distribution

M Genes & Protieins

H Documents

4 Ontologies & Thesauri
M Dbpedia

Linked Open Drug Data
“ BioPAX

4 Inferred

4 Semanitc Annotations
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Different Types of Semantic Search

Search Type Example Queries

Simple Keyword Documents that includes given regular

Search expressions

Text Analysis Documents that refer to a gene and a
disease

Semantic Search Documents that contain a human gene

and a respiratory disease

The Impossible Query  Tell me what is it the best drug to take

#60
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H

Complex Cross-domain Query

/V
' Physiological
Molecular process

Technique
Molecular
Interacti .
niteraction Dlsease
Drugs y
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T :ontotext

New Type of Possible Query #1

Select drugs related to
asthma that are linked
to a curated molecular
Interaction in the
literature where the
protein is known to
cause inflammatory
response

GATE

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

PREFIX biopax2: <http://www.biopax.org/release/biopax-
level2.owl#>

PREFIX uniprot: <http://purl.uniprot.org/core/>

PREFIX drugbank: <http://www4.wiwiss.fu-
berlin.de/drugbank/resource/drugbank/>

SELECT DISTINCT ?fullname ?drugname

WHERE {
?interaction rdf:type biopax2:physicallnteraction .
?interaction biopax2:PARTICIPANTS ?participant .
?participant biopax2:PHYSICAL-ENTITY ?physicalEntity .
?physicalEntity skos:exactMatch ?protein .
?protein uniprot:classifiedWith

<http://purl.uniprot.org/go/0006954>.

?protein uniprot:recommendedName ?name.
?name uniprot:fullName ?fullname .
?target skos:exactMatch ?protein .
?drug drugbank:target ?target .
?drug drugbank:genericName ?drugname .
?drug drugbank:indication ?indication .

The red graph patterns indicate the usage
of mapping rules.

#62
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New Type of Possible Query #2

Select all located in Y-
chromosome, human
genes with known
molecular interactions,
which are analysed with
‘Transfection'

GATE

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX skos: <http://mww.w3.0rg/2004/02/skos/core#>
PREFIX gene:
<http://linkedlifedata.com/resource/entrezgene/>
PREFIX core: <http://purl.uniprot.org/core/>

PREFIX biopax2: <http://www.biopax.org/release/biopax-
level2.owl#>

PREFIX lifeskim:
<http://linkedlifedata.com/resource/lifeskim/>

PREFIX umls: <http://linkedlifedata.com/resource/umis/>
PREFIX pubmed:
<http://linkedlifedata.com/resource/pubmed/>

SELECT distinct ?genedescription ?prefLabel ?pmid
WHERE {
?interaction rdf:type biopax2:interaction .
?interaction biopax2:PARTICIPANTS ?p .
?p biopax2:PHYSICAL-ENTITY ?protein .
?protein skos:exactMatch ?uniprotaccession .
?uniprotaccession core:organism
<http://purl.uniprot.org/taxonomy/9606> .
?geneid gene:uniprotAccession ?uniprotaccession .
?geneid gene:description ?genedescription .
?geneid gene:pubmed ?pmid .
?geneid gene:chromosome 'Y" .
?pmid lifeskim:mentions ?umisid .
?umlsid skos:prefLabel "Transfection' .
?umisid skos:prefLabel ?prefLabel .

J #63
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Query Results

Fesults for PEEFE rdf <http iy wE . (14)

“iew as Exhibit

Download in JSON | SPARCL Resulis in ¥ML | SPARCL Resulis in JSOM

interleukin 9 receptor

RMA binding motif protein, Y-linked, family 1,
member A1

wesicle-associated membrane protein 7
C099 maolecule

colony stimulating factor 2 receptar, alpha,
lowe-affinity (granulocyte-macrophage)

interleukin 3 receptor, alpha (low affinity)
sex determining region ¥

jurnonji, AT rich interactive domain 10
zinc finger, BED-type containing 1

sex determining region

short stature homeobox

099 molecule

thymosin beta 4, ¥-linked

solute carrier family 25 (mitochondrial carrier;
adenine nuclectide translocator), member B

Transfection

Transfection

Transfection
Transfection

Transfection

Transfection
Transfection
Transfection
Transfaction
Transfection
Transfection
Transfection
Transfection

Transfection

pubred-citation: 1376929

pubrmed-citation: 11149922

pubmed-citation: 18362137

pubmed-citation: 16421247

pubmed-citation: 12504125

pubmed-citation: 12504125

pubmed-citation: 18454134

pubrmed-citation: 2145681

pubmed-citation: 12663651

pubmed-citation: 9346931

pubmed-citation: 12960152

pubmed-citation: 16984917

pubrmed-citation: 15557202

pubrmed-citation: 14746803

#64
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New Type of Possible Query #3

GATE

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>

S e I ect al I p artl C | p atl N g PREFIX rdfs: <http:/Awww.w3.0rg/2000/01/rdf-schema>

PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>
1 . 1 h PREFIX gene: <http://linkedlifedata.com/resource/entrezgene/>
I n I nte raCtI O n S u m an PREFIX core: <http://purl.uniprot.org/core/>
. PREFIX biopax2: <http://www.biopax.org/release/biopax-
genes which are drug evizowi> o
PREFIX lifeskim: <http://linkedlifedata.com/resource/lifeskim/>
PREFIX umls: <http://linkedlifedata.com/resource/umls/>

targ et an d are a.n alyse d PREFIX pubmed: <http://linkedlifedata.com/resource/pubmed/>

PREFIX drugbank: <http://www4.wiwiss.fu-

Wlth 'T Fan Sfe Ctl on ! berlin.de/drugbank/resource/drugbank/>

SELECT distinct ?genedescription ?prefLabel ?drugname ?pmid
WHERE {
?interaction rdf:type biopax2:interaction .
?interaction biopax2:PARTICIPANTS ?p .
?p biopax2:PHYSICAL-ENTITY ?protein .
?protein skos:exactMatch ?uniprotaccession .
?uniprotaccession core:organism
<http://purl.uniprot.org/taxonomy/9606> .
?geneid gene:uniprotAccession ?uniprotaccession .
?geneid gene:description ?genedescription .
?geneid gene:pubmed ?pmid .
?pmid lifeskim:mentions ?umlsid .
?umlsid skos:prefLabel 'Transfection' .
?umlsid skos:prefLabel ?prefLabel .
?target skos:closeMatch ?geneid.
?drug drugbank:target ?target .
?drug rdfs:label ?drugname .

} #65
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Query Results

SPARQL Query

7 record(s)

| genedescription~ | prefLabel drugname pmid
5100 calcium binding protein Transfection || Cromoglicate http:#linkedlifedata. comfresource/pubmed
P fid/ 16061845

retinoic acid receptor, gamma Transfection || SR11254, Tazarotene, Alitretinoin, Dodecyl-
Alpha-D-Maltoside, COSB4, Tretinain,
Etretinate, Adapalene, BMS184394, Acitretin,
and 4-[3-0x0-3-(5 5 8 8-Tetramethyl-5 5.7 -
Tetrahydro-Maphthalen-
2-¥1)-Propenyl]-Benzoic Acid

http:#linkedlifedata. comfresource/pubmed
fid/1318502

progesterone receptor Transfection || Progesterone, Mifepristone, Methyltrienolone,
Megestrol, Dydrogesterone, Morgestimate,
Morgestrel, Tanaproget, Desogestrel,
Marethindrone, Levonargestrel, Drospirenone,
Etonogestrel, Medroxyprogesterane, and
Ethynodiol Diacetate

http:#linkedlifedata. comfresource/pubmed
AdA21012339, http:Alinkedlifedata. com
fresource/pubmed/id/16647340,
http:#linkedlifedata. comfresource/pubmed
/idf15084343, and http:#linkedlifedata. com
fresource/pubrned/id/15034345

member C4 (chlordecone
reductase; 3-alpha
hydroxysteroid
dehydrogenase, type |;
dihydrodiol dehydrogenase 4)

interleukin 8 Transfection || Ketoprofen, Simvastatin, Zileuton, and http:#linkedlifedata. comfresource/pubmed
Salbutamal AidA14645117 , http:Alinkedlifedata. com

fresource/pubmedfidA 7035306, and
http:#linkedlifedata. comfresource/pubmed
fid/ 15035334

gonadotropin-releasing Transfection || Mafarelin, Leuprolide, Danazol, Cetrorelix, http:#linkedlifedata. comfresource/pubmed

hormane receptor Abarelix, and Gonadaorelin fidf1B613990

aldo-keto reductase family 1, Transfection || NADH http:#linkedlifedata. comfresource/pubmed

Aidf11158055

3-hydroxy-3-methylglutaryl- Transfection || 1,4-Dithiothreitol, Pravastatin, Rosuvastatin,
Coenzyme A reductase Adenosine-5-Diphosphate, Simvastatin,
MNADH, 2-Monophosphoadenosine
S-Diphosphoribose, Atorvastatin, and
Lovastatin

http:#linkedlifedata. comfresource/pubmed
fid/A 14697242

gene

description

3-hydroxy-
3-methylglutaryl-
Coenzyme A reductase
aldo-keto reductase
family 1, member C4
(chlordecone reductase;
3-alpha hydroxysteroid
dehydrogenase, type |,
dihydrodiol
dehydrogenase 4)
gonadotropin-

releasing hormaone

rarantnr

prefLabel

Transfection

drugname

<

pmid

1 4-Dithiothreitol

2-Monophosphoadenosin
S-Diphosphoribose
4-[3-Ox0-3-(55 8,5
Tetramethyl5 B 7 8-
Tetrahydro-Maphthalen-
2-%1)-Propenyl]-Benzoic
Acid

Abarelix

Acitretin

http:Alinkedlifedata. com
fresource/pubrned
Adf11158055

http: Hlinkedlifedata. com
fresource/pubrned

GATE
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The “Modigliani test” for the
Semantic Web
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The tipping point for the Semantic Wek
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The Modigliani Test: The Semantic Web's Tlpplng Polnt

Written by Richard MacManus / April 16, 2010 12:06 AM / 21 ozt Mext Post »
Comments

LY

In our recent posts about Structured Data, we've emphasized that most
of the current initiatives have been around uploading new data to the
Web - whatever the format. The U.S. and U K. governments have led

| the way with their 'open data' websites, but much of that data isn't

. linked' yet. In other words, it's online - but siloed. So how do we get to

. the next stage of the Semantic Web, linking disparate daia sets

- together so that people can begin fo use that data?

The tipping point for the long-awaited Semantic Web may be when you
can query a set of data about someone not too famous, and get a long list of structured results in
return. I've decided to term this 'The Modigliani Test.'

Amedeo Modigliani is one of my favorite artists. He was moderately famous during the early 20th
century and has something of a cult following nowadays. But he's not Da Vinci or Picasso famous.
What I'd like tn dnin a Semantic \Weh iz fwne the followinn onend intn A search endine and net #68
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T :ontotext @
The tipping point for the Semantic W

 Richard McManus (ReadWriteWeb)

« " ..the tipping point for the Semantic Web may be when
one can ... deliver — using Linked Data — a

comprehensive list of locations of original Modigliani art
works ...” (Apr, 2010)

 FactForge was the first system to pass the
Modigliani test

« Using data from 3 different datasets

Neither DBPedia, not Freebase alone can pass the test

#69
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Passing the test with FactForge

GATE

PREFIX
PREFIX
PREFIX
PREFIX
PREFIX
PREFIX

SELECT

WHERE {

fb: <http://rdf.freebase.com/ns/>
dbpedia: <http://dbpedia.org/resource/>
dbp-prop: <http://dbpedia.org/property/>
dbp-ont: <http://dbpedia.org/ontology/>
umbel-sc: <http://umbel.org/umbel/sc/>
ff: <http://factforge.net/>

DISTINCT ?painting 1 ?owner 1 ?city fb con ?city db_loc ?city db cit

?painting fb:visual_ art.artwork.artist dbpedia:Amedeo Modigliani ;

fb:visual art.artwork.owners [fb:visual art.artwork_ owner relationship.owner ?ow];
ff:preferredLabel ?painting 1

?ow ff:preferredLabel ?owner_ 1

OPTIONAL { ?ow fb:location.location.containedby [ff:preferredLabel ?city fb con] }
OPTIONAL { ?ow dbp-ont:city [ff:preferredLabel ?city db cit] }

OPTIONAL { ?ow dbp-prop:location ?loc

?loc rdf:type umbel-sc:City ;
ff:preferredLabel ?city db loc }

#/70
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Passing the test with FactForge (2)

X FactForge RDF Search and Explore | sPARQL Query | Relfinder l About | Contact
SPARQL Query
Results for PREFIX fb: <http://rdffr... (8) View as Exhibit Download in JSON | SPARQL Results in XML | SPARQL Results in JSON
O e 7 S S 7 S
Museum of Modern Art New York City
Apna Zborowska@en Museum of Modern Art New York City
Portrait of Diego Rivera@en The S&o Paulo Museum of Séo Paulo
Art@en
Wobman with a Necklace@en School of the Art Institute of Chicago
Chicago@en
Portrait ef a Woman@en School of the Art Institute of Chicago
Chicago@en
en Museum of Modern Art New York City
School of the Art Institute of Chicago

Chicago@en

Jeanne Hébuterne@en Barnes Foundation@en Philadelphia




