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Data Integrity: Accuracy and Reliability of Data
• Big Data Mining issues
• Many different formats
• Ambiguities and inconsistencies of descriptors, metadata etc.
• Unstructured, decontextualized data does not allow to extract high level 

information
• Several different efforts of structure KBs, ontologies, taxonomies etc. in many 

fields of Knowledge

• There is necessity of:
– Reconciliation and disambiguation of ingested data
– Organize data into proper forms of structured knowledge
– Standardize definitions, languages, vocabularies etc.
– Link discovering among different knowledge bases
– Make inference to produce additional knowledge
– Detect unexpected correlations, produce suggestions and recommendations
– Provide semantic interoperability among resources and applications.
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New Approaches ‐ The Semantic Web

• Web of documents (HTML) VS Web of data (RDF Triples)

• Relational DBMS VS Semantic Datastores (Ontologies etc.)

• Keyword‐based Search Engines           VS NLP Q&A Tools



Crawling Strategies:Web‐Crawler 
Architecture:

Document / Pages Parsing:Robot Exclusion Protocol
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Web Crawling and Data Mining

# Robots.txt for 
http://www.springer.com (fragment)

User-agent: Googlebot
Disallow: /chl/*
Disallow: /uk/*
Disallow: /italy/*
Disallow: /france/*

User-agent: MSNBot
Disallow:
Crawl-delay: 2

User-agent: scooter
Disallow:

# all others
User-agent: *
Disallow: /



• Finding relationships between entities, LODs etc., within different RDF data sources.
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Link Discovering

Source: SILK ‐ http://events.linkeddata.org/ldow2009/papers/ldow2009_paper13.pdf 
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Natural Language 
Text

Syntactical Analysis

Tokenizer

Morphologic Analysis

Part‐of‐Speech Tagger

Chunker

Syntactical Parse

Semantic Analysis

Natural Language sentences are 
subsequently processed and coded
into a semantic representation (by 
means of logic formalisms, semantic

networks and ontologies)

 Text is segmented into sequences of characters (tokens).

 A grammar category is assigned to each token

 Each word of a sentence/period is annotated with its
logical rule (subject, predicate, complement etc.)

 This phase uses previous annotations to group
nominal and verbal phrases for each sentence

 Produces the Syntactic Parse Tree for each sentence

NLP ‐ Natural Language Processing Phases
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Models for Knowledge Representation

• Explicit typologies of Knowledge which can be made machine‐readable and 
machine‐understandable:

 Structured Knowledge (Ontologies, Taxonomies etc.)

 Semi‐structured (DBMS)

 Weakly structured (HTML, Tables etc.)

 Not structured (Natural Language unstructured text, images, drawings etc.)



9
Convegno Internazionale:

Strumenti e Applicazioni per la Divulgazione del Patrimonio 
Linguistico e Culturale ‐ Bologna – 23 Aprile 2014

Web Ontologies and Languages

• In Computer/Information Science, an Ontology is defined as the conceptualization
of  a specific domain of interest, expressed through entities (Classes), descriptors
(Attributes), relationships (Properties) and a pre‐defined rule corpus (Semantics).

• Representation syntax can be equivalently expressed in XML‐based formats, as well
as in the following triple format: <subject>  <predicate>  <object>.

• Language used for Ontologies representation:
 OWL (Web Ontology Language) is the W3C standard for Ontology definition

for Semantic Web.
 RDF/XML
 N‐triples, N3 etc.

• Interrogation / Query languages:
 SPARQL
 SERQL
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ECLAP: E‐Library for Performing Arts

• Multimedia Archive of Performing Arts: http://www.eclap.eu/
 EU project to provide content for Europeana;
 content from 31 European content providers;
 descriptive metadata in 13 languages;
 interface in 21 languages;
 about 172,000 content items;
 accessed from 184 Countries mainly from: Italy, UK, Spain, US, NL, B, Sl, Hu, Fr, 

Pl, Pt, Gr, D, Bz, Ind, Sw, Au, Rs, Ca, etc.;
 more than 500 different file formats: video, audio, images, documents, 3D, 

Braille music scores, epub, crossmedia…

• Best practice network / Social network on Performing Arts:
 IPR issues;
 Performing Arts Education;
 Digital Libraries for Performing Arts.
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ECLAP Framework
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Eclap Content
• Content kind
• Metadata model: exporting in LOD and OAI‐PMH

– Metadata Editor
– ECLAP Semantic model, Social Graph
– Content Aggregation: playlists, collections, courses
– AudioVisual relationships among content MyStoryPlayer
– Content Enrichment: Geonames, QR, IPR, relationships

• Indexing and Search
– Faceted, multilingual, advanced

• Web and Mobile Player, Content Organizer
• Content IPR modeling
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Eclap Metadata
• Describe the ECLAP content

– Dublin Core: general, multilingual and multi‐instances (e.g., title, authors, 
description, subjects, ..)

– Semantic: content description, taxonomy, tags, annotations, etc., 
multilingual & multi‐instances

– Groups: one or more groups
– Technical: duration, file format, dimension, editor, publisher, any IDs, etc. 

etc.
– Augmented Reality: GPS, QR,..
– Intellectual Property: IPR, licences for metadata, licences for profiling the 

conditional access
– Workflow metadata: status, dates, versioning, etc.
– Etc.
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Eclap Semantic Model
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Linking ECLAP Data

• Performing Arts Metadata use a custom vocabulary with properties defined as
specializations of Dublin Core properties:
 performancePlace dcterms:spatial
 performanceCity dcterms:spatial
 performanceCountry dcterms:spatial
 performanceDate dcterms:issued
 performingArtsProfessional dcterms:contributor
 dancer performingArtsProfessional
 actor performingArtsProfessional

• Links to Geonames for Geographical names:
 Metadata have been analyzed to match with geographical names from the

GeoNames archive;
 About 40,000 relations found;

• Named Entity Recognition:
 A supervised procedure to find People names into metadata fields, names are matched with 

dbpedia and ECLAP users;
 About 23000 names found, 2712 found on dbpedia, 169 Eclap users.
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ECLAP Name Mining Manager
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ECLAP Social Graph

• The Social Graph proposes a new approach for navigation within content and related
resources and also improves social interaction among users. It can be enriched using
the content directly created or generated by users.

• The social graph has been selected by Europeana and posted on the Europeana
professional portal:

• It shows the relations of the
user/content with other entities.
 Shown at user login or below the 

content when playing

• The user can:
 Navigate (Expand, Focus, Open, Back)
 Filter relations
 Zoom In / Out, Pan, Drag objects
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ECLAP Recommendations
Recipient of the suggestions

User Content 
(played by a user)

Group 
(leader or members)

Su
gg
es
te
d 
el
em

en
ts

Users Proposing to a user possible 
colleagues / friends
D(U(s,d);U(s,d))

‐‐no sense‐‐
Proposing to a group responsible 
possible interested colleagues to be 
invited

Contents Proposing to a user possible 
interesting contents

Proposing similar content items 
when a content is played
D(C(s);C(s))

Proposing to a group members 
possible interesting content
(not much different with respect to 
C‐C combination)

Groups Proposing to a user possible 
interesting groups

Proposing (at content play) 
interesting groups in which 
similar contents are discussed

‐‐no sense‐‐

Ads Proposing to a user possible 
interesting ads

Proposing (at content play) 
possible interesting ads

Proposing at a/all group member/s 
possible interesting ads
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Recommendations & Suggestions

௦௧௔௧௜௖ݕݐ݅݉݅ݔ݋ݎ݌ ,ܣ ܤ ൌ ,ܣ௟௔௡௚௨௔௚௘ሺݒሺܨ ,ሻܤ ,ܣ௟௢௖௔௧௜௢௡ሺݒ ௙௥௜௘௡ௗ௦ݒ	,ሻܤ ሺܣ, ,ሻܤ ,ܣ௚௥௢௨௣௦ሺݒ ,ሻܤ ,ܣ௔௚௘ሺݒ ,ሻܤ ,ܣ௧௔௫௢௡௢௠௬ሺݒ ሻሻܤ

suggestion ,ܣ ܤ ൌ ௗ௬௡௔௠௜௖ݕݐ݅݉݅ݔ݋ݎ݌ ,ܣ ܤ ൈ ௗߛ ൅ ,ܣ௦௧௔௧௜௖ሺݕݐ݅݉݅ݔ݋ݎ݌ ሻܤ ൈ ௦ߛ

,ܣሺݕ ሻܤ ൌ ௟௔௡௚௨௔௚௘ݒ	 ,ܣ ܤ 	 ∙ ௟ܲ௔௡௚௨௔௚௘ ∙ ௟௔௡௚௨௔௚௘ߛ	 	൅ ௟௢௖௔௧௜௢௡ݒ	 ,ܣ ܤ 	 ∙ ௟ܲ௢௖௔௧௜௢௡ ∙ ௟௢௖௔௧௜௢௡ߛ	 ൅
௙௥௜௘௡ௗ௦ݒ	 ,ܣ ܤ ∙ ௙ܲ௥௜௘௡ௗ௦ ∙ ௙௥௜௘௡ௗ௦ߛ	 ൅	ݒ௚௥௢௨௣௦ ,ܣ ܤ 	 ∙ ௚ܲ௥௢௨௣௦ ∙ ௚௥௢௨௣௦ߛ	 ൅ ௔௚௘ݒ ,ܣ ܤ ∙ ௔ܲ௚௘ ∙ ௔௚௘ߛ	 ൅
௧௔௫௢௡௢௠௬ݒ	 ,ܣ ܤ ∙ ௧ܲ௔௫௢௡௢௠௬ ∙ ௧௔௫௢௡௢௠௬ߛ	 ൅	ݕݐ݅݉݅ݔ݋ݎ݌ௗ௬௡௔௠௜௖ሺܣ, ሻܤ ∙ ௣ܲ௥௢௫௜௠௜௧௬೏೤೙ೌ೘೔೎ ∙
௣௥௢௫௜௠௜௧௬೏೤೙ೌ೘೔೎(A,B)ߛ	

Hyp:
• Acceptance of Static based suggestions: age, location, language,. …
• Acceptance of Dynamic Suggestions based on similarity of interests
• Acceptance of Random Suggestions
• Acceptance of Strategic Suggestions based on # of connections….

U  U Recommendations

C C Recommendations
• Similarity by taxonomical 

classification
– Hierarchical clustering 

solutions 
• Similarity by Text, MD

– Frequency of keywords

• Similarity by Content, CBIR
– Several algorithms

• Next Steps
– combinations
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Content Based Information Retrieval
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• The algorithms used in this tools are mainly:
– Auto Color Correlogram: Huang, J.; Kumar, S. R.; Mitra, M.; Zhu, W. & Zabih, R. (2007) «Image 

Indexing Using Color Correlograms», IEEE Computer Society 
http://doi.ieeecomputersociety.org/10.1109/CVPR.1997.609412

– CEDD: Savvas A. Chatzichristofis and Yiannis S. Boutalis, «CEDD: Color and Edge Directivity
Descriptor. A Compact Descriptor for Image Indexing and Retrieval» , A. Gasteratos, M. Vincze, 
and J.K. Tsotsos (Eds.): ICVS 2008, LNCS 5008, pp. 312‐322, 2008.

– FCTH: Savvas A. Chatzichristofis and Yiannis S. Boutalis, «FCTH: Fuzzy Color and Texture
Histogram ‐ A Low Level Feature for Accurate Image Retrieval«», in Proc. of the 9th Int.
Workshop on Image Analysis for Multimedia Interactive Services, IEEE, Klagenfurt, 2008.

– Gabor: http://en.wikipedia.org/wiki/Gabor_filter
– JCD: (CEDD + FCTH)
– Jpeg Coefficients Histogram: 

http://www.sciencedirect.com/science/article/pii/S0031320301001820
– Simple Color Histogram: http://en.wikipedia.org/wiki/Color_histogram
– Tamura: Deselaers T. et al., «Features for Image Retrieval: An Experimental Comparison», 

German Research Center for Artificial Intelligence (DFKI), Kaiserslautern, Germany, 2007
– Color Layout, Edge Histogram, Scalable Color (MPEG‐7): 

http://en.wikipedia.org/wiki/Visual_descriptors
– ……

• Mix of CBIR and text based similarities

CBIR Back‐End Technology
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The OSIM Project ‐ Open Space Innovative Mind

• OSIM (Open Space Innovative Mind, http://openmind.disit.org/) is a framework
for Knowledge production and management within the University of Florence
research fields and domains. It has been designed and developed by the DISIT Lab
as a development project for a software web framework connecting the University
of Florence and SMEs in Tuscany.

• The OSIM main objective is the realization of a web portal through which
companies, researchers and students can make searches and pose queries (full‐text
queries as well as assisted queries), in order to find resources, competences, skills in
terms of: research and teaching personnel, departments and research groups,
publications and courses taken in the University of Florence. More specifically:

 Skills earned by research groups, laboratories and University staff.
 Competences offered by specific courses and faculties.
 Relations among different skills, people, academic structures and entities in general
 Scientific publications and relations of collaborations among authors.
 Relations of mutual acquaintance and collaborations among research and teaching staff.
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OSIM Search Engine

Assisted
Search

Full Text Search 



OSIM Functionalities
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OSIM Architecture
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Linked Open Graph http://log.disit.org/
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Linked Open Graph http://log.disit.org/
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OSIM Ontology

Sii‐Mobility Ontology



• List with different LOD and supported Ontologies supported
• Multiple SPARQL end‐points
• Search (URIs and keywords / keyphrases)
• Save and load graphs
• Pruning relations
• Navigate links
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LOG Main Functionalities



• P. Bellini, I. Bruno, D. Cenni, P. Nesi, M. Paolucci, M. Serena, «A New Generation Digital Content Service for Cultural 
Heritage Institutions», Proc. of the ECLAP 2013 conference, 2nd International Conference on Information 
Technologies for Performing Arts, Media Access and Entertainment, Springer Verlag LNCS, 2013. 
http://www.eclap.eu/119325 E. Bellini, P. Nesi, «Metadata Quality assessment tool for Open Access Cultural Heritage 
institutional repositories», Proc. of the ECLAP 2013 conference, 2nd International Conference on Information 
Technologies for Performing Arts, Media Access and Entertainment, Springer Verlag LNCS, 2013. 
http://www.eclap.eu/119325

• P. Bellini, I. Bruno, P. Nesi, «A workflow model and architecture for content and metadata management based on grid
computing», Proc. of the ECLAP 2013 conference, 2nd International Conference on Information Technologies for 
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