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INCT for Web Science 
Brazilian Institute for Web Science Research 

ÁWeb Science 

ÁA new domain where the Web is the subject of study  

Áά¢ƘŜ ǎŎƛŜƴŎŜ ǘƘŀǘ ƛƴǾŜǎǘƛƎŀǘŜǎ ǇǊƻōƭŜƳǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
decentralized information systems, encompassing people, 
software and hardware, and their multiple and complex 
ƛƴǘŜǊŀŎǘƛƻƴǎέ 

BERNERS-LEE, T., HALL, W., HENDLER, J.A., OôHARA, K., SHADBOLT, N., WEITZNER, J. ñA Framework for Web 

Scienceò. Found. and Trends in Web Science. Now Publishers Inc, 2006. 



INCT for Web Science  

Brazilian Institute for Web Science Research  

ÁMission 
Á To advance scientific research in themes related to  

the new discipline of Web Science 

Á To educate professionals and researchers,  
to guarantee innovation and  
to promote interdisciplinary cooperation 

Á To transfer knowledge to all sectors of society  
through comprehensive educational programs 

Á To transfer knowledge to industry and to the services sector through 
specific programs, including residencies in the Institute 
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MACULAN, N., LUCENA, C.J.P. Brazilian Institute for Web Science Research. MCC46/08. Dept. Informatics, PUC-Rio. 



  

  

  

  

INCT for Web Science  
Brazilian Institute for Web Science Research  
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INCT for Web Science 
Brazilian Institute for Web Science Research  

ÁBrazilian Partners 
Á PUC-Rio 
Á UFRJ 
Á UNICAMP 
Á RNP 
Á UNIRio 

 

Á International Partners 
Á DERI 

Á L3S 

Á LIP6 

 
Á UFF 
Á UERJ 
Á UENF 
Á UFRN 
Á UFC 

 

 

Á LERO 

Á U. Waterloo 

 

ÁMember of the Web Science Trust Network of Labs 
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INCT for Web Science 
 Brazilian Institute for Web Science Research  

ÁWeb of Data  

ÁGroup 
ÅPUC-Rio  (ALF, MAC, KKB) 

ÅUFC   (VMPV, JAFM) 

ÅUFF  (JVF, LAPPL) 

ÁAdditional funding 
ÅVarious CNPq grants 

ÅCAPES/PROCAD 
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Motivation 
Web of Data  

 
ÁProblems 

Á Data available on the Web may be opaque to search engines 

Á Deep Web databases are hard to discover, integrate and access 

ÁSolution 

Á Complement Web pages with structured linked data 

Á Integrate structured linked data from different sources 
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Key concepts and technologies 
Web of Data  

 
ÁURI ς Uniform Resource Identifier 

Áa compact sequence of characters  
that identifies an abstract or physical resource 

ÁExamples 
http://lattes.cnpq.br/0400232298849115  

http://purl.org/dc/elements/1.1/creator  

http://sw.opencyc.org/concept/Mx4rwDC_HpwpEbGdrcN5Y29ycA  

http://zitgist.com/music/artist/76c9a186 - 75bd- 436a- 85c0- 823e3efddb7f  
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Key concepts and technologies 
Web of Data  

 
ÁRDF ς Resource Description Framework 

 ex:index.html  exterms:creation-date  "August 16, 1999" . 

ex:index.html  exterms:language  "English" . 

ex:index.html  dc:creator  http://www.example.org/staffid/85740 . 
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<?xml version="1.0"?> 

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

             xmlns:dc="http://purl.org/dc/elements/1.1/" 

              xmlns:exterms="http://www.example.org/terms/"> 

    <rdf:Description rdf:about="http://www.example.org/index.html"> 

         <exterms:creation-date>August 16, 1999</exterms:creation-date> 

         <exterms:language>English</exterms:language> 

         <dc:creator rdf:resource="http://www.example.org/staffid/85740"/> 

    </rdf:Description> 

</rdf:RDF> 
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<?xml version="1.0"?> 

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

             xmlns:dc="http://purl.org/dc/elements/1.1/" 

              xmlns:exterms="http://www.example.org/terms/"> 

    <rdf:Description rdf:about="http://www.example.org/index.html"> 

         <exterms:creation-date>August 16, 1999</exterms:creation-date> 

         <exterms:language>English</exterms:language> 

         <dc:creator rdf:resource="http://www.example.org/staffid/85740"/> 

    </rdf:Description> 

</rdf:RDF> 
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Key concepts and technologies 
Web of Data  

ÁOntologies 

ÁSchema layer of RDF 

ÁDefine classes and properties, and their constraints 

ÁTypically written in RDFS or OWL 

ÁExamples 

Á5/aL aŜǘŀŘŀǘŀ ¢ŜǊƳǎ όά5ǳōƭƛƴ /ƻǊŜέύ 

ÁFOAF ς The Friend of a Friend Vocabulary 

ÁFRBR ς Functional Requirements for  
Bibliographic Records  

ÁVoID ς Vocabulary of Interlinked Datasets 
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Key concepts and technologies 
Web of Data  

ÁRemarks about ontology design 

Áά{ŀƳŜ-old-conceptual-ŘŜǎƛƎƴέ 

Áά[ŀǾƻƛǎƛŜǊ tǊƛƴŎƛǇƭŜέ ŀǇǇƭƛŜǎ 
ÅReuse known ontologies as much as possible 

ÁOntology = Vocabulary + Axioms 
ÅAxioms (or constraints) capture the semantics of the terms 

ÁExample 

ÁThe Music ontology uses  
the FOAF, FRBR, Event and  
Timeline ontologies 



Topics 

ÁINCT for Web Science  

ÁWeb of Data 

ÁMotivation 

ÁKey concepts and technologies 

ÁLinked Data 

ÁOpen Government Data 

ÁWeb of Data at the INCT for Web Science 

ÁConclusions 

 
17 



18 

Linked Data 
Web of Data  

ÁΨ[ƛƴƪŜŘ 5ŀǘŀ tǊƛƴŎƛǇƭŜǎΩ όƛƴ Ǉƭŀƛƴ ǘŜǊƳǎύ 

1. ¦ǎŜ ¦wLǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ άǘƘƛƴƎǎέ ƛƴ ȅƻǳǊ Řŀǘŀ 

2. Use http:// URIs so people (and machines)  
can look them up on the Web 

3. When a URI is looked up,  
ǊŜǘǳǊƴ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ άǘƘƛƴƎέ όƛƴ w5C ŦƻǊƳŀǘύ 

4. LƴŎƭǳŘŜ ƭƛƴƪǎ ǘƻ ǊŜƭŀǘŜŘ άǘƘƛƴƎǎέ 

http://www.w3.org/DesignIssues/LinkedData.html  



April 2011 
Web Science Brasil - Brazilian Institute for 

Web Science Research 
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(and machines)  
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Use http:// URIs so people  
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Linked Data 
Web of Data  

ÁΨ[ƛƴƪŜŘ 5ŀǘŀ tǊƛƴŎƛǇƭŜǎΩ 

1. Data is strictly separated from formatting and 
presentational aspects 

2. Data is self-describing 
ÅIf an application consuming Linked Data encounters  

data described with an unfamiliar vocabulary,  
the application can dereference the URIs  
that identify vocabulary terms in order to find their definition 
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Linked Data 
Web of Data  

ÁΨ[ƛƴƪŜŘ 5ŀǘŀ tǊƛƴŎƛǇƭŜǎΩ όŎƻƴǘΦύ 

3. Uses HTTP as a standardized data access mechanism and 
RDF as a standardized data model  
Å simplifies data access when compared to Web APIs,  

which rely on heterogeneous data models and access interfaces 

4. The Web of Data is open 
Å applications do not have to be implemented against  

a fixed set of data sources, but they can discover  
new data sources at run-time by following RDF links 
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Linked Data 
Web of Data  
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http://linkeddata.org 

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Source: http://linkeddata.org 

Media 

Government 

Geo 

Publications 

User-generated 

Life sciences 

Cross-domain 

Linked Data 
Web of Data  



Linked Data 
Web of Data 

ÁLOD (Nov. 2010) 

Á~200 datasets, ~30 billion triples, ~400 million links 

ÁDistribution of triples by domain (in millions) 
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Domain Jun 2009 Nov 2010 % Growth 

Geographic 3.097 5.904 91% 

Libraries 212 2.237 955% 

Media 698 2.453 252% 

Life Sciences 2.429 2.664 10% 

Cross Domain 214 1.999 834% 

User Generated 76 57 -25% 

Government 0 11.613 - 
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Open Government Data 
Web of Data 

ÁOpen government data 

Ápublic government information  
ς such as government records ς  
that is shared with the public digitally,  
over the Internet, in open raw formats,  
and  
ways that make it accessible and readily available to all 
to promote analysis and allow reuse ς  
such as the creation of data mashups 
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Open Government Data 
Web of Data 

28 

(Where isé )? 



Open Government Data 
Web of Data 
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Open Government Data 
Web of Data 

ÁOGD around the world 
ÁUnited States:  
Ådata.gov  

(rel. May/2009; redesign. May/2010) 

ÁUnited Kingdom:  
Ådata.gov.uk  

(released in January/2010) 

ÁAustralia:  
Ådata.australia.gov.au  

(released in October/2009) 

ÁOther:  
ÅCanada, New Zealand, Norway, Estonia, etc. 
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Open Government Data 
Web of Data 

ÁOGD in Brazil 
ÁFederal Law 131 - 27/05/2009 
ÅEstablishes norms for publishing, in real time,  

detailed information about budget and financial resources 

ÁAction Plan - 15/09/2011 
ÅStimulates the use of new technologies in the management and 

provision of public services and access to public information 

ÅRelated to the participation of Brazil as member of  
the Open Government Partnership  
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Open Government Data 
Web of Data 



Open Government Data 
Web of Data 
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Design of Linked Data Sources 
Web of Data at the INCT for Web Science 

ÁResearch Goals 

ÁInvestigate correctness criteria for application ontologies 

ÁDevelop methods and tools to  
Årecommend ontologies 

Åspecify ontology mappings 

Åfind identical resources 

Åretain design rational 

ÁDevelop large scale experiments 
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CASANOVA, M. A., BREITMAN, K.K., FURTADO, A. L., VIDAL, V.M.P., MACEDO, J.A.F., GOMES, R. V., SALAS, P.E. 

The Role of Constraints in Linked Data In: ODBASE 2011, Hersonissos, Greece. 



Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

ÁTypical Design Process 

1. Select one or more domain ontologies 

2. Design the application ontology  
based on the domain ontologies 

ÁExample 

ÁDomain Ontology = Music Ontology 

 

ÁApplication Ontology = JanisJoplinFanClub 
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Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

ÁTypical Design Process 
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Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

ÁTypical Design Process 
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mo:SoloMusicArtist 

 

mo:MusicGroup 

 

mo:Label 

 

ñTriplificationò 



39 

Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

(uri1, mo:SoloMusicArtist, ñJanis Joplinò) 

(uri2, mo:MusicGroup, ñBig Brother and the Holding Companyò) 

(uri1, mo:Label, ñColumbiaò) 

 

 

mo:SoloMusicArtist 

 

mo:MusicGroup 

 

mo:Label 

 



Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

ÁQuestions: 

 

ÁAre your constraints right? 

 

ÁHave you forgotten any constraint? 
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Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

A Æ B = Å 

iff 

A Ì ×B 

iff 

B Ì ×A 
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Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

owl:disjointWith 
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Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

(uri1, mo:SoloMusicArtist, ñJanis Joplinò) 

(uri2, mo:MusicGroup, ñBig Brother and the Holding Companyò) 

(uri1, mo:Label, ñColumbiaò) 

 

 

mo:SoloMusicArtist 

 

mo:MusicGroup 

 

mo:Label 

 

Inconsistent 
data 



Correctness Criteria for Application Ontologies  
Design of Linked Data Sources 

ÁOntology design revised 

Áά[ŀǾƻƛǎƛŜǊ tǊƛƴŎƛǇƭŜέ ŀǇǇƭƛŜǎ 
ÅReuse known ontologies as much as possible 

ÁOntology = Vocabulary + Axioms 
ÅAxioms (or constraints) capture the semantics of the terms 

 

ÁApplication ontology constraints must capture  
the semantics of the (application ontology) terms and  
they must be derived from the domain ontology constraints  
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