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Agenda and Objectives!

•  A lecture about Semantic Technologies and Linked Open Data!
– Experiences from the last 15 years!
– 2 important use cases – “real world projects”!

•  Part I: “Lightning talk” on LOD!
•  Part II: Use cases!
– open data!
– citizen engagement!

•  Part III: Insight on LOD Quality Assessment!
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Linked! Data!Open!

Get the Data 
connected!

With no proprietary 
formats!

But with structure!
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“What is the name of an Ancient Greek designer and architect 
famous for the construction of the temple of Parthenon?”!
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Actually they are two !!
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How can we build some semantic relations?!

Current Web is Poor on Context!

NO	  
SEMANTICS	  !	  
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Providing Context About Ictinus!
Meaningful	  rela5ons	  –	  

How?	  

Description	  

Architect Of	  

Ancient	  Athenian	  
architect	  

Lived	  

5th Century BC	  Birth	  Place	  
Athens	   Birth	  Name	  

Ictinus	  

Parthenon	  
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•  A simple model of describing Data as graphs!
•  It’s a World Wide Web Standard!
•  What’s the real benefit?!

RDF	  (Resource	  Descrip5on	  Framework)	  
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SELECT	  dis*nct	  ?name	  WHERE	  	  
{?person	  dcterms:subject	  	  
<h?p://dbpedia.org/resource/Category:Ancient_Greek_architects>	  .	  
<h?p://dbpedia.org/resource/Parthenon>	  dbpedia-‐owl:architect	  ?person	  .	  
?person	  foaf:name	  ?name	  .}	  

“What is the name of an Ancient Greek designer and architect 
famous for the construction of the temple of Parthenon?”!

Name	   Descrip5on	  
Ic*nus	   Ancient	  Athenian	  Architect	  

Kallikrates	   Ancient	  Athenian	  Architect	  
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First Conclusions!

Architect Of	  

Ancient Athenian 
architect!

Lived	  

5th Century BC	  Birth	  Place	  Athens	  

Birth	  Name	  

Ictinus	


Parthenon	  

Description	  

Ancient Athenian 
architect!

5th Century BC	  
http	  link	  Athens	  

Ictinus	


Parthenon	  

http	  link	  

http	  link	  

http	  link	  http	  link	  
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Architect Of	  

Ancient Athenian 
architect	


Lived	  

5th Century BC	  Birth Place	  Athens	  

Birth Name	  

Ictinus	


Parthenon	  
Description	  

Kiel	  

Creator	  

Lived	  

19th Century	  
Birth Place	   Birth Name	  

Adolf Michaelis	


“Der Parthenon” 
Monography	  

In studies Of	  

Parthenon	  
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Linking Open Data cloud diagram, by Richard Cyganiak and Anja Jentzsch.	

 http://lod-cloud.net/	


The World Wide Web as a Giant Global Database!
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Case studies!
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Case study I: ESCO!
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What is ESCO!

•  A classification of European Skills, Competences, 
Occupations and Qualifications!

•  An H2020 initiative !
•  Developed by DG Employment, Social Affairs and Inclusion 

and DG Education and Culture of the European Commission 
in collaboration with stakeholders and with the 
European Centre for the Development of Vocational Training 
(Cedefop). !

•  https://ec.europa.eu/esco/home!
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Main Objectives!

•  EU-wide set of multi-lingual vocabularies!
– An upcoming standard in the EU job labor market?!

•  Facilitate EU job market transparency and mobility!
– ESCO is developed in 25 languages!

•  Facilitate supply (CVs) and demand (Job Vacancies) matching!
– Applications can be built on top of the classification!

•  ESCO classification as a hub taxonomy for the job labor market!
– Will be mapped to National Job Labor Market classifications!
– Public/Private Employment Services!
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A Taxonomy with 3 main pillars!
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ESCO Sample Concepts!
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ESCO Concept (detailed view)!
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ESCO Data Model 
relies on SKOS !

(Simple Knowledge Organization 
System)!

ESCO is published as 
Open Data!

ESCO as Linked Open Data!
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Sustainable	  	  
development	  Architect	  

Job	  Specific	  SC	  
Landscape	  	  
Architecture	  

Field	  Of	  

Building	  preservation	  

Project	  Type	  

Mapping	  
equivalence	  	  

Architecture	  and	  
	  Building	  

Related	  SC	  

Related	  SC	  

Isamu	  Noguchi	  

Architecture	  du	  
BTP	  

Architecte	  
paysagiste	  

Paysagiste	  DPLG	  

Qualification	  

Eco-System of Labor Market Linked Open Data!

Occupation	  (ROME)	  
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ESCO as a hub!
Case: A surgical nurse in Poland is seeking employment in France!
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ESCO Current Status!

•  ESCO v0 published in 2013 – a trial version!
•  Final ESCO Version (v1) is ongoing!
– Developed in partial upgrades (v0.1, v0.2 …) until the final version (early 

2017).!
– Version 0.1 foreseen for publication in 2015.!

•  3 sectors (out of 27 in total): !
–  Agriculture, Forestry and Fishery; !
–  Hospitality and tourism; !
–  Veterinary!

– Version 0.2 ongoing – 8 more sectors!
–  16 remaining sectors !

•  Online Consultation a.k.a.”Crowd sourcing”!
–  Citizen engagement!
–  Sector Experts (contributors) selection process starts in February 2015!
–  “Stay tuned”!
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For more details!

•  Articles in ESCOpedia!
– https://ec.europa.eu/esco/escopedia !

•  Main publications and lectures!
–  Le Vrang, M.; Papantoniou, A.; Pauwels, E.; Fannes, P.; Vandensteen, D.; De Smedt, J., "ESCO: Boosting 

Job Matching in Europe with Semantic Interoperability," Computer , vol.47, no.10, pp.57,64, Oct. 2014, doi: 
10.1109/MC.2014.283!

–  De Smedt J, Papantoniou A.– “The ESCO platform for a collaborative NKOS development” –13th 
Networked Knowledge Organization Systems (NKOS) – Digital Libraries 2014 Conference London, 
September 2014 (link)!
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Case study II: publicspending.gr!
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Motivation!
•  A team of 4 NTUA affiliates and 5 master students!
•  In December 2011, decided to exploit  the “ΔΙΑΥΓΕΙΑ”1 (Hellenic 

Government’s Transparency program) and “TAXIS”2  (Taxation Information 
System) APIs!

•  To provide a publicly available Internet service that employs Semantic Web 
technologies - based on “Open Data” !

•  Result:  real-time information and (easy to read) data visualizations of  
public expenditure in Greece!

•  An open free and objective Web point that targets to enhance citizen 
awareness!

•  Improving decision-making regarding public spending!
•  Build a robust semantic dataset for research activities !

1 http://opendata.diavgeia.gov.gr/ !
2 http://www.gsis.gr/  !
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Visualizations - Diagrams!

Top-10 distribution of public expenditure and a of Payer-Payee relation!

Case study: Attica Subway SA!

Further distribution 
according to CPV!
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Visualizations - Aggregate cards !

Case study: Egnatia Street SA!
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Visualizations- Profiling (Name / VAT reg. number)!

Case study: Hellenic Telecommunications Organization SA!
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How we did it!

Linked Data Production Life Cycle!
Source: Villazon-Terrazas et al link!
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Phase 1: Identify and analyze data sources!
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Spending	  Data	  (Payment	  
Decisions)	  
REST-‐like	  

XML	  /	  JSON	  results	  

Business	  Registry	  
SOAP	  calls	  
XML	  results	  
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Phase 2: Model the data!
•  Usage of existing standard vocabularies!
•  Benefit: Re-usability + Cross domain interoperability!
•  Vocabularies used in publicspending.gr!

–  UK Gov Payments Ontology adjusted for Greek Data!
–  W3c Organizations Ontology!
–  EU ISA Core Vocabularies!
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Clarity	  and	  GSIS	  data	  
enriched	  with	  

seman*c	  metadata	  

Publicspending.gr 
Payments Ontology	


Publicspending.gr 
Organization Ontology	
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Step 3: Generate the processed data!

•  Common representation à RDF!
•  Graph database - Triples!
•  In standardized coding format (RDF/XML)!
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Data as Graphs	
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psgr:payer	  

psgr:090145420	  
psgr:98000000-‐3	  

psgr:CPV	  

psgr:payee	  

psgr:030143175	  

psgr:paymentAmount	  1140	  

psgr:refersTo	  

psgr:Β44Θ46ΨΖ2Ν-‐5Χ5	  

psgr:Β44Θ46ΨΖ2Ν-‐5Χ5	  

psgr:gsisName	  

PAPANTONIOU	  
AGISILAOS	  NIKOLAOS	  

What’s	  in	  a	  Graph?	  
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More data sources?!
•  A. Papantoniou in Diavgeia – he exists!!
•  in Public Debtors? - (fortunately not!) !
•  Everything to RDF – common data model!

37	


Data as Graphs	


RDBMS	  

HTML	
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psgr:payer	  

psgr:090145420	  psgr:98000000-‐3	  

psgr:CPV	  

psgr:payee	  

psgr:030143175	  

psgr:paymentAmount	  

1140	  

psgr:refersT
o	  

psgr:Β44Θ46ΨΖ2Ν-‐5Χ5	  

psgr:Β44Θ46ΨΖ2Ν-‐5Χ5	  

psgr:gsisName	  

ΠΑΠΑΝΤΩΝΙΟΥ	  
ΑΓΗΣΙΛΑΟΣ	  ΝΙΚΟΛΑΟΣ	  

N/A	   N/A	  

gs_dbt:bsc_dbt	  
gs_dbt:dbt_customs	  

Same	  URI	  =	  
Same	  

Resource	  

What	  if	  I	  existed	  in	  the	  debtors	  dataset	  ?	  
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Phase 4: Data Publication & Visualization!
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Crawler	  Client	  
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publicspending.gr!
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…	


Data Silos	
 Graph DB	
 Consumers	


SPARQL	  Client	  
Browser	  
Crawler	  

opened and 
transformed to	


published and 
available to	
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Why we did it?!

•  Technologically inaccessible and difficult-to-handle 
data warehouse of highly sensitive information, into 
an easy to use web application, accessible by the 
citizen/researcher!

•  Provide consultant services to the “ΔΙΑΥΓΕΙΑ” 
program support team (technical reports, error 
handling, data cleansing etc.)!

•  Exploit (data journalism, hackathons) Greek Open 
Data Expenditure and Link it with Open Data of other 
countries!
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More information!

•  Publicspending.gr and publicspending.net not updated 
anymore (.net still accessible…)!

•  Transparency seems still to be a “hot topic”!
•  Publications (significant)!

–  Vafopoulos M, Meimaris M., Anagnostopoulos I., Papantoniou A., Xidias I., Alexiou G., Vafeiadis G., 
Klonaras M. and Loumos V., “Public spending as LOD: the case of Greece”, accepted for publication, 
Semantic Web Journal, IOS Press, 2013.!

–  Vafopoulos M., Meimaris M., Papantoniou A., Anagnostopoulos I., Xidias I., Alexiou G., Vafeiadis G., and 
Loumos V., “Intelligent and Semantic Real-Time Process of the Greek LOD for Enhancing Citizen 
Awareness in Public Expenditures”, X.S. Wang et al. (Eds.): WISE 2012, LNCS 7651, pp. 808–811, 2012, 
© Springer-Verlag Berlin Heidelberg 2012!

–  M. Vafopoulos, M. Meimaris, A. Papantoniou, I. Anagnostopoulos, G. Alexiou, I. Avraam, I. Xidias, G. 
Vafeiadis and V. Loumos, “publicspending.gr: An initiative for Greek Public Expenditure following Linked 
Open Data directives”, PMOD 2012 Workshop – Using Open Data: policy modeling, citizen empowerment, 
data journalism – 19-20 June 2012, European Commission Headquarters, Brussels!

–  M. Vafopoulos, M. Meimaris, A. Papantoniou, I. Anagnostopoulos, G. Alexiou, I. Avraam, I. Xidias, G. 
Vafeiadis and V. Loumos, “publicspending.gr: Greek Public Spending in a nutshell”, to be presented in the 
Samos Summit on Open Data and Interoperability for Governance, Industry and Society, 2 - 4 July 2012, 
Samos, Greece!
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What do these 2 projects have in common?!

Linked! Data!Open!

Need for Data Quality!
Technology!
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Why do we need Quality in (Linked) Open Data?!

•  Data Quality is needed in every project!
•  But in the open (and linked) data world the need is multiplied!
•  Open Data quite a few times comes from crowd-sourced 

activities!
– Poor quality!
–  If we want Open Data to succeed then assessment needs to take 

place!
– One of the failures of publicspending.gr!

•  Linked Data is linked (also to) external datasets!
– Quality does not rely only on 1 provider!
– The major case for ESCO!
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Quality in Linked Open Data!

•  In the Web of Data there are novel approaches !
– Coherence via links to external datasets!
– Data representation quality or consistency wrt to implicit information!
– Open world assumption (LOD) vs Closed World Assumption (DB)!

–  Source: Quality Assessment Methodologies for LOD: A. Zaveri et al., Semantic Web 
Journal, IOS Press, 2012!

•  Zaveri’s framework for assessing Quality in LOD!
– The most complete at the moment !
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Quality dimensions in LOD!
A.Zaveri et al. define 6 
major dimensions (criteria)!
Source: Amrapali Zaveri, Anisa Rula, Andrea Maurino, 
Ricardo Pietrobon, Jens Lehmann  and Sören Auer: Quality 
Assessment Methodologies for Linked Open Data, A 
Systematic Literature Review and Conceptual Framework, 
Semantic Web Journal, IOS Press, 2012!

!
! LOD	  

Quality	  

Contextual	  

Trust	  

Intrinsic	  

Accessibility	  

Representa
*onal	  

Dataset	  
dynamicity	  

In ESCO we have started to 
apply the dimensions!
!
Focus (at this moment) on 
contextual, representational, 
accessibility and intrinsic!
!
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Contextual dimensions!

Context	  

Completeness	  

Schema	  and	  
interlink	  level	  

Amount-‐of-‐data	  

Coverage	  and	  
appropriate	  

amount	  of	  data	  

Relevancy	  

Usage	  of	  meta-‐
informa*on	  
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Intrinsic dimensions!

Intrinsic	  

Accuracy	  

Poor	  a\ributes	  
and	  seman*cally	  
incorrect	  values	  

Objec*vity	  

No	  biased	  data	  
from	  the	  
publisher	  

Document	  
validity	  

Syntax	  errors,	  
deprecated	  
informa*on…	  

Interlinking	  

Existence	  of	  
links,	  richness	  of	  

sameAs	  

Consistency	  

On	  the	  model	  
level	  (ambiguity,	  

disjoints…)	  

Conciseness	  

No	  redundancy	  
on	  the	  model	  

level	  
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Accessibility dimensions!

Accessibility	  

Availability	  

Server	  and	  endpoint	  
accessibility,	  no	  
broken	  links	  

Performance	  

Proper	  URIs,	  high	  
throughput,	  
scalability	  

Security	  

Secured	  data	  access	  	  

Response	  *me	  

Delay	  measurements	  



	  	  FNRS	  «	  Cri*cal	  analysis	  and	  improvement	  of	  the	  quality	  of	  digital	  informa*on» 	   	  January	  2015	  
	  

Representational dimensions!

Representa*on	  

Conciseness	  

Keep	  URIs	  short	  

Consistency	  

Re-‐use	  exis*ng	  
vocabularies	  

Understandability	  

Human	  readability	  of	  
the	  model	  and	  of	  the	  
metadata,	  indica*on	  

of	  vocabularies	  

Interpretability	  

Of	  data	  and	  terms	  

Versa*lity	  

Provision	  of	  different	  
data	  formats,	  content	  

nego*a*on	  
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Trust dimensions!

Trust	  

Provenance	  

Metadata	  indica*on	  
and	  measurement	  of	  

providers’	  trust	  

Verifiability	  

Publisher	  informa*on,	  
dataset	  authen*city	  
and	  correctness,	  
digital	  signatures	  

Reputa*on	  

Of	  the	  dataset	  and	  the	  
publisher	  

Believability	  

Meta-‐informa*on	  
about	  the	  publisher	  

iden*ty	  

Licensing	  

Machine	  and	  human	  
readable	  licensing	  

informa*on,	  
permissions	  
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Dataset dynamicity!

Dataset	  
dynamicity	  

Currency	  

Age	  of	  data,	  last	  
modifica*on	  

Vola*lity	  

Timestamps	  
associated	  with	  
the	  source	  

Timeliness	  

Expiry	  and	  current	  
*me,	  frequency	  of	  
data	  valida*on	  	  
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Further reading!

•  For more information!
–  Amrapali Zaveri, Anisa Rula, Andrea Maurino, Ricardo Pietrobon, Jens Lehmann  and 

Sören Auer: Quality Assessment Methodologies for Linked Open Data, A Systematic Literature 
Review and Conceptual Framework, Semantic Web Journal, IOS Press, 2012!

–  Bizer, C., and Cyganiak, R.: Quality-driven information filtering using the wiqa policy 
framework. Web Semantics 7, 1, (Jan 2009), 1 – 10!

–  Bonatti, P. A., Hogan, A., Polleres, A., and Sauro, L.: Robust and scalable linked data 
reasoning incorporating provenance and trust annotations. Journal of Web Semantics 9, 2 
(2011), 165 – 201!

–  Flemming, A.: Quality characteristics of linked data publishing datasources. Master’s thesis, 
Humboldt-Universität zu Berlin, 2010!
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Conclusions!

•  Open Data!
– Transparency and citizen engagement!
– Benefits of opening up data!

•  Technology is mature (even though we didn’t discuss about it)!
– Happy to give another lecture when/if possible!

•  Linked Open Data are here to stay!!
– Many EC projects !
– Organizations are embracing Semantic Technology!

•  Quality assessment of LOD !
– Very interesting new topic!
– Key for factor for LOD adoption!
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Thank You! 
For your patience and attention!
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