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PROV Implementations and Extensions 

Outline 
 

•  Implementation Report 
•  PROV Collection and Dictionary 
•  PROV and Scientific Workflows 
•  PROV and Executable Papers 
•  PROV and Smart Cities 
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PROV Implementation Report 

•  As of February the 25th 2013, 64 PROV implementations were reported 
to the W3C Provenance Working Group. 

•  These implementations take the form of: 
–      Applications: 30 
–      Framework/APIs: 10 
–      Services: 9 
–      Vocabularies (Usage and Extension): 21 
–      Constraints Validators: 3 
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PROV Implementations Report 

PROV USAGE: Coverage of PROV-DM Concepts and Relations in implementations of 
type Application, Framework / API, or Service. 
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PROV Implementations Report 
PROV terms used by vocabularies. 
 
 
 
 
 
 
 
 
 
PROV terms extended by Vocabularies 
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PROV Implementations and Extensions 

Outline 
 

•  Implementation Report 
•  PROV Collections and Dictionaries 
•  PROV and Scientific Workflows 
•  PROV and Executable Papers 
•  PROV and Smart Cities 



•  PROV defines a collection as an entity that has some members, which 
themselves are entities,  

•  PROV dictionary is an extension that specializes PROV collections and 
provides the relationships necessary for expressing the lineage of 
dictionaries.  

PROV Collections and Dictionaries 
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Derivation 

Insertion 

Removal 

EmptyDictionary 



PROV Collections and Dictionaries 
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•  Derivation by insertion 
 

 
   Example 
 
 
 

•  Derivation by removal 

 
  Example 

derivationByInsertionFromExpression ::= derivedByInsertionFrom  
  ( optionalIdentifier “;” )? dIdentifier , dIdentifier “,” “{“ keyValuePairs “}” “,” 
   optionalAttributeValuePairs “)”  

derivedByInsertionFrom(id; d1, d, {("k1", e1), ("k2", e2)}, [])  

derivedByRemovalFrom(id; d3, d, {"k1", "k2"}, [])  

derivationByInsertionFromExpression ::= derivedByInsertionFrom  
  ( optionalIdentifier “;” )? dIdentifier “,” dIdentifier “,” “{“ keySet “}” “,” 
   optionalAttributeValuePairs “)”  
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Outline 
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PROV and Scientific Workflows 
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•  Scientific workflows are for 
specifying and automating the 
execution of scientific 
experiments. 

 
•  Using a workflow, an experiment is 

modeled as a network of analysis 
operations, connected together by 
data links describing the flow of 
data between operation outputs 
and inputs. 

•  Workflow systems can be instrumented in a straightforward manner 
to capture provenance information about the experiment execution.  
•  E.g., Taverna, Kepler, SciCumulus, Vistrails and Wings 
 

•  Workflow provenance traces have numerous applications. 
•  E.g., Workflow debugging, data lineage, inspecting result 

reproducibility.  



PROV and Scientific Workflows 
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•  Currently, each workflow system uses it own proprietary model for 
encoding provenance traces. 

•  With PROV, there is an opportunity to achieve certain degree of 
interoperability. 

•  Wf4Ever (EU FP7 Project) [1] and D-PROV (DataONE) [2] provide 
PROV extensions to capture workflow specifications and their 
provenance,  

•  In what follows, we will present Wf4Ever PROV extension. 

[1] www.wf4ever-project.org 
[2] http://www.dataone.org/working_groups/scientific-workflows-and-provenance-working-group 
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PROV Implementations and Extensions 

Outline 
 

•  Implementation Report 
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PROV and Executable Papers 

•  Scholarly articles have played (and will continue to play) a primordial role in 
dissemination and exchange of research investigations. 

•  However, they present limitations. 

•  The executable paper initiative aims to address this issue. 

•  Existing executable papers proposals include: 

–  Deep (e-Stat project) [3] 

–  Research Objects (Wf4Ever EU Project) [4] 

–  Sole (Argonne National Laboratory) [5] 

 [3] http://www.bristol.ac.uk/cmm/research/estat/ 
[4] http://wf4ever.github.com/ro/ 
[5] Quan Pham, Tanu Malik, Ian T. Foster, Roberto Di Lauro, Raffaele Montella: SOLE: Linking 
Research Papers with Science Objects. IPAW 2012: 203-208 
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DEEP: A Provenance Aware Executable Document 

•  Aims at enhancing the dissemination of scientific results 

•  Generates scientific results dynamically and interactively, and records the 
provenance of these results. 
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PROV Implementations and Extensions 

Outline 
 

•  Implementation Report 
•  PROV Collections and Dictionaries 
•  PROV and Scientific Workflows 
•  PROV and Executable Papers 
•  PROV and Smart Cities 

Sustainable Cities
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PROV and Smart Cities 

•  Smart cities rely on citizens participation and contribution to address a variety of 
problems, e.g., mobility, governance, economy, environment.  

 

 

[6] http://swa.cefriel.it/ontologies/hc.html 
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PROV and Smart Cities 

•  Smart cities rely on citizens participation and contribution to address a variety of 
problems, e.g., mobility, governance, economy, environment.  

•  UrbanMatch [6] is a location-based Game with a Purpose in the form of a mobile 
application.  

 

 

[6] http://swa.cefriel.it/ontologies/hc.html 
 

UrbanMatch: achieving the purpose

Lyon, 16th April 20126UrbanMatch - LDOW @ WWW 2012

Candidate 
links

POI

POI

UrbanMatch
players

POI

Post-
ProcessingTrusted

link
New

trusted
link

Incorrect link discarded
POI

Trusted links are constituted by correct POI-photo 
couples (i.e. the correlation between the photo 
and the depicted POI was verified)

Candidate links are those 
returned by the uncertain 
sources (e.g. Duomo-photoXYZ 
with photoXYZ retrieved via a 
Flickr API geo-search for Duomo)

Players' coupling decisions 
are collected and then 

post-processed

When a POI-photo link is 
assessed to be correct, 

it becomes trusted

When a POI-photo link is 
assessed to be incorrect, 
it is discarded and never 

again proposed to players



28 

P
R

O
V

 T
ut

or
ia

l @
 E

D
B

T 
20

13
 

PROV and Smart Cities 

•  Smart cities rely on citizens participation and contribution to address a variety of 
problems, e.g., mobility, governance, economy, environment.  

•  UrbanMatch [6] is a location-based Game with a Purpose in the form of a mobile 
application.  

 

 
Contribution 

Contributor 

Activity 

Entity 

Agent 

Consolidated 
Information 

Human 
Computation 

Algorithm 

Human 
Computation 

Task 

contributionBy 

solvedBy 
cc 

cc aggregatedFrom 

aggregatedBy cc 

cc
 

enabledBy 

cc
 

solutionTo cc 

[6] http://swa.cefriel.it/ontologies/hc.html 
 

UrbanMatch: achieving the purpose

Lyon, 16th April 20126UrbanMatch - LDOW @ WWW 2012

Candidate 
links

POI

POI

UrbanMatch
players

POI

Post-
ProcessingTrusted

link
New

trusted
link

Incorrect link discarded
POI

Trusted links are constituted by correct POI-photo 
couples (i.e. the correlation between the photo 
and the depicted POI was verified)

Candidate links are those 
returned by the uncertain 
sources (e.g. Duomo-photoXYZ 
with photoXYZ retrieved via a 
Flickr API geo-search for Duomo)

Players' coupling decisions 
are collected and then 

post-processed

When a POI-photo link is 
assessed to be correct, 

it becomes trusted

When a POI-photo link is 
assessed to be incorrect, 
it is discarded and never 

again proposed to players



29 

P
R

O
V

 T
ut

or
ia

l @
 E

D
B

T 
20

13
 

PROV Implementations and Extensions 

Outline 
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PROV Extensions 
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Conclusions 
•  Previous Tutorials: 

–  IPAW 2012 - 4th International Provenance and Annotation Workshop (Santa 
Barbara) 

–  ISWC 2012 – 11th International Semantic Web Conference (Boston) 

•  Upcoming Tutorial 

–  ESWC 2012 - 9th Extended Semantic Web Conference (Montpellier)  

•  Prov Status 

–  As of March the 8th 2013, PROV-DM, PROV-N, PROV-O and Prov-Constraints 
are Proposed Recommendations 

•  So join the club in promoting and adopting PROV! After all, this is 
really a community effort… 
–  Call for implementation can be found here: 

http://www.w3.org/2011/prov/wiki/Call_For_Implementations 
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Thank you for your attention! 


