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Temporal metadata on the Web 

November, 9th 2012 
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Web of Data is dynamic 
How much up-to-date are linked open data? 
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Temporal information, applications and 

research areas 

Collecting and processing temporal information is crucial 

for several applications and research areas 
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 Temporal Query Answering and Search [Alonso&2011] 

 Temporal Validity of Statements [Wang&2010] 

 Data Fusion and Integration [Mendes&2012] 

 Temporal Data Exploration [Alonso&2011] 

 Temporal Entity Matching [Li&2011] 

 Currency of Statements and Documents [Rula&2012] 

 Analysis of provenance of information [Hartig&2009] 



 

 To which extent are temporal metadata and temporal 

information available in the LOD cloud? 

 

 How is the temporal information represented in the 

LOD cloud? 

 

 To which extent we can collect and interpret such 

information? 
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Research questions 



Outline 

 Motivation & Research Question 
 

 Temporal Information in the LOD cloud 
◦ General analysis of temporal information 
◦ Temporal meta-information 

 
 Temporal Meta-information Analysis 

◦ Systematic review of proposed models 
◦ Quantitative analysis based on large-scale experiment 

 
 Conclusion 

◦ Guidelines for consumers and publishers 
◦ Future Works 

9 



Large-scale experimental analysis 
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Billion Triple Challenge (BTC) 2011 dataset 
• 2.1 billion statements in N-Quads format  

• 47K unique predicates 

• collected from 7.4M RDF documents 

 

We use Apache Hadoop in our experiments 
• parallel and distributed processing of large datasets across 

clusters of computers (54 work nodes) 



Distribution of temporal information 

Pay-Level 

Domain 

quads 

(K) 

Tquads. 

(K) 

doc 

(K) 

Tdoc

(K) 

scinets.org 56200 3391 51.9 44.3 
legislation.gov.uk 33100 1249 246.4 246.4 
ontologycentral.com 55300 1029 4.6 4.4 
bibsonomy.org 34500 881 234.7 177.3 
loc.gov 7800 854 345.3 302.9 
bbc.co.uk 6300 679 173.5 83.6 
livejournal.com 169800 530 239.2 238.9 
rdfize.com 37600 495 204.7 204.6 
data.gov.uk 13800 479 178.8 91.9 
dbpedia.org 28400 423 596.6 124.1 
musicbrainz.org 2500 359 0.3 0.3 
tfri.gov.tw 153300 272 154.4 78.2 
archiplanet.org 16300 186 79.2 53.5 
freebase.com 27800 173 572.9 109.1 
vu.nl 6800 156 294.2 26.7 
fu-berlin.de 5700 139 291.6 37.4 
bio2rdf.org 20200 129 744.7 71.6 
blogspace.com 900 124 0.2 0.2 
opera.com 24100 124 160.3 124.1 
myexperiment.org 1500 114 26.1 13.7 

Temporal Property 
quads  

(K) 

doc 

(K) 

dcterms:#modified 3400 44 

dcterms:modified 2300 842 

dcterms:date 1500 247 

dc:date 1400 188 

dcterms:created 600 450 

dcterms:issued 200 222 

lj:dateCreated 200 238 

swivt:#creationDate 200 197 

lj:dateLastUpdated 220 225 

wiki:Attribute3ANRHP 

certificationdate 
180 53 

tl:timeline.owl#start 170 31 

tl:timeline.owl#end 150 24 

bio:date 140 143 

po:scheduledate 140 15 

swrc:ontology#value 96 37 

cordis:endDate 78 0.002 

nl:currentLocationDateStart 76 26 

po:startofmediaavailability 74 10 

foaf:dateOfBirth 68 68 

liteco:dateTime 62 62 
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6% 

14.4% 

100% 

100% 

scinets.org 

Extracted using standard date formats and variations 



Temporal Information vs Temporal meta-

information (Abstract Definition) 
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Temporal information  
a ternary relation T(x,a,t), 
where x is a resource, a 
statement, or a graph, a is a 
property, and t is a temporal 
entity 

 
 

Temporal meta-information 
(TMI)  

 a temporal information 
T(x,a,t) is interpreted as a 
temporal meta- information 
if and only if x is interpreted 
as a truth-valued RDF 
element (statement or 
graph) 

 

T(x,a,t) 

Resource 

Statement 

Graph 

Property 

Temporal entity 

T(x,a,t) 

Statement 

Graph 

Property 

Temporal entity 

T(:Rihanna,foaf:dateOfBirth,1980-09-04) 

T(foafRihanna.rdf,dc:modified,2012-09-10) 

T(foafRihanna.rdf,dc:modified,2012-09-10) 

creation 

validity 

modification or update 
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Models for representing TMI 
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Temporal Meta-
Information 

Document-centric 
persepctive 

Protocol-based 
representation 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relationship-centric 
perspective 

Nary 
relationship-

based 
representation 

4D fluents-based 
representation 

[Caroll&2005] [Umbrich&2010] 

[Gutiérrez&2005] 

[Tappolet&2009] [Welty&2006] [W3C&2005] 
[Wang&2010] 

[Rodrguez&2009] 

[Koubarakis&2010] 



Document-centric perspective 

A) Protocol-based representation  

 

 
Look up: <http://ex/data/Antonio_Cassano> 

Check: HTTP Response Header. 

Status: HTTP/1.1 200 OK 

Select: Last-Modified: Tue, 01 January 2012 
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Experiment: 

 

Temporal Meta-Information 

Document-
centric 

persepctive 

Protocol-
based 

representatio
n 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relations-based 
perspective 

Nary relationship-
based 

representation 

4D fluents-based 
representation 

Extract a sample of  URIs 

(.rdf) occurring  in context 

position 

Check  Last-modified in 

HTTP header 

1000 95 URIs 

Extraction (sampling) Check for TMI 



B) Metadata-based representation  
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Document-centric perspective 

2011-08-30 

Experiment: 
 

Temporal Meta-Information 

Document-
centric 

persepctive 

Protocol-
based 

representatio
n 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relations-based 
perspective 

Nary relationship-
based 

representation 

4D fluents-based 
representation 

<http://ex/resource/Antonio_Cassano> 

<RDF document> 

<http://ex/data/Antonio_Cassano> 

Y 

N 

RDF 

document? 

URIs occurring in subject 

position of triples 

containing  temporal 

entities 

Check for TMI 
1000 

51 

Extraction (sampling) Check for TMI 

431 



Sentence-centric perspective 

A) Reification-based representation 

ex:Antonio_Cassano ex::Milan 

2011 
2012 
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Temporal Meta-Information 

Document-
centric 

persepctive 

Protocol-
based 

representatio
n 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relations-based 
perspective 

Nary relationship-
based 

representation 

4D fluents-based 
representation 

rdf:Statement 

rdf:subject 

ex:playsFor 

ex:Antonio_Cassano 

2011-2012 

ex:playsFor 

_id 

ex::Milan 

URIs having rdf:subject, 

rdf:object, rdf:predicates 

Check for reified 

statements associated 

with temporal entities 

2637  

reified statements 

Temporal RDF (model) 

Extraction (BTC) Check for TMI 

Experiment: 
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Sentence-centric perspective 

B) Applied temporal RDF-based  

    representation 

Temporal Meta-Information 

Document-
centric 

persepctive 

Protocol-
based 

representatio
n 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relations-based 
perspective 

Nary relationship-
based 

representation 

4D fluents-based 
representation 

ex:Antonio_Cassano 

ex:playsFor 

ex:Inter 

2012 
2013 

ex:Antonio_Cassano 

ex:playsFor 

ex:Milan 

UTG1 

2011-2012 

 

 

Experiment: 

Not found in the BTC 

 

 

ex:Antonio_Cassano 

ex:Inter 

UTG2 

2012-2013 

10 

Temporal RDF (model) 



Relationship-centric perspective 

A) N-ary relationship-based          

representation 
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Temporal Meta-Information 

Document-
centric 

persepctive 

Protocol-
based 

representatio
n 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relations-based 
perspective 

Nary relationship-
based 

representation 

4D fluents-based 
representation 

ex:Antonio_Cassano 

ex:playsFor 

2011 
2012 

ex:Antonio_Cassano 
_:teamRelation 

2012 2011 

Experiment: 

 

 

ex:Milan 

ex:Milan 

<xpy> <yqz> 

<ya t, with t being a 

temporal entity 

pattern (W3C) 

 

Extract a 

sample  of  N-

ary Patterns 

12  
Check for  TMI 

100 

Extraction (BTC) Check for TMI 

ex:hasteamProperty 



B) 4D-fluents-based representation 

 

 

ex:Antonio_CassanoT 
ex:MilanT 

ex:TimesliceOf ex:TimesliceOf 

2001-2006 
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Relationship-centric perspective 
Temporal Meta-Information 

Document-
centric 

persepctive 

Protocol-
based 

representatio
n 

Metadata-based 
representation 

Fact-centric 
perspective 

Sentence-centric 
perspective 

Reification-
based 

representation 

Applied TRDF-
based 

representation 

Relations-based 
perspective 

Nary relationship-
based 

representation 

4D fluents-based 
representation 

 

 

Experiment: 

Not found in the BTC 

 

 

 

ex:Antonio_Cassano ex:playsFor 

2001 2006 

ex:playsFor 

ex:Milan 



Availability of TMI 

Perspective Approach 
Occurrence 
temp. quads 

(%) 

Occurrence 
overall quads 

(%) 

Occurrence 
overall docs 

(%) 

Document 
Protocol n/a n/a                  9.500 

Metadata               5.10  0.0001900                  0.560 

Fact 

Reification               0.02 0.0000008 0.006 

Applied 
temporal RDF 

- - - 

N-ary 
relationship 

            12.24 0.0005000 0.600 

4D fluents - - - 
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• Low availability (in the BTC) 

• High diversity (models and vocabularies) 

• Automatic interpretation/processing is not trivial (e.g., metadata-based 

and N-ary relationship) 
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Perspective Approach Consumers Publishers 

Document 

Protocol 

‐ retrieve TMI in the 

Protocol-based 

rep 

otherwise 

‐ retrieve TMI from 

the Metadata-

based  rep. 

‐ provide Last-modified field in 

the HTTP header 

‐ update TMI whenever the 

data in the document is 

changed  

‐ check for TMI to be 

consistent in both Protocol- 

and Metadata-based rep. 

Metadata 

Guidelines (I) 
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Perspective Approach Consumers Publishers 

Fact 

Reification 

‐ retrieve TMI 

by using the 

predicates 

in the RDF 

reification 

vocabulary 

 

‐ evaluate based on the 

application scenario if it is 

possible to avoid such rep.  

‐ avoid its use since it is 

cumbersome with SPARQL 

queries 

 

Applied 

temporal RDF 

‐ use the Applied temporal RDF 

rep. rather than pure 

Reification-based repr.  

‐ avoid the worst case when 

using the applied temporal RDF 

N-ary 

relationship 

‐ difficult to 

be identified 

‐ use N-ary relationship-based 

rep. for complex modelling 

tasks because of its flexibility 

Guidelines (II) 



Future works 
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 Model-independent techniques  

 for tracking the modification of documents or triples 

(extending [Umbrich&2010], [Rula&2012]) 

 for the assessment of temporal data qualities in 

Linked Open Data (data currency and timeliness) 

 for temporal based query answering and search 

 

 Extended version of the paper (journal 

publication)  



Thank you for your attention. 

Questions? 

26 

13/11/2012 



References 

[Rula&2012] A. Rula, M. Palmonari, and A. Maurino. Capturing the Age of Linked Open Data: 
Towards a Dataset-independent Framework. 1st International Workshop on Data Quality 
Management and Semantic Technologies at IEEE ICSC, 2012 

[Umbrich&2010]J. Umbrich, M. Hausenblas, A. Hogan, A. Polleres, and S. Decker. 
TowardsDatasetDynamics: Change Frequency of Linked Open Data Sources. In 3rd Linked Data 
on the Web Workshop at WWW, 2010 

[Caroll&2005]J. J. Carroll, C. Bizer, P. Hayes, and P. Stickler. Namedgraphs. Journal of Web 
Semantics, 3, 2005 

[Gutiérrez&2005] C. Gutierrez, C. A. Hurtado, and A. A. Vaisman. Temporal RDF. In The 2ndESWC, 
pages 93-107, 2005 

[Tappolet&2009] J. Tappolet and A. Bernstein. Applied Temporal RDF: Ecient Temporal Querying of 
RDF Data with SPARQL. In The 6th ESWC, pages 308-322, 2009 

[W3C&2006] http://www.w3.org/TR/swbp-n-aryRelations/ 
[Welty&2006] C. Welty, R. Fikes, and S. Makarios. A Reusable Ontology for Fluents in OWL. 

Frontiers in Articial Intelligence and Applications, page 226, 2006 
[Hartig&2009] O. Hartig. Provenance Information in the Web of Data. LDOW2009, April 20, 2009, 

Spain. 
[Koubarakis&2010] M. Koubarakis and K. Kyzirakos. Modeling and Querying Metadata in the 

Semantic Sensor Web: the Model stRDF and the Query Language stSPARQL. The 
7th ESWC, pages 425{439, 2010.  
[Rodrguez,&2009]Rodrguez, R. McGrath, Y. Liu, and J. Myers. Semantic Management of Streaming 

Data. 2nd International Workshop on Semantic Sensor Networks at ISWC, 2009. 

27 

13/11/2012 Matteo Palmonari 


