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Motivation 
In many applications one has to fetch and assemble pieces of information coming 
from more than one sources (including SPARQL endpoints.) 

 

Def: We use the term Semantic Warehouse (for short warehouse) to refer to a read-
only set of RDF triples fetched (and transformed) from different sources that aims 
at serving a particular set of query requirements. 

 

We focus on the aspects of quality and value (of the query answering) of the 
warehouse. 

Key Questions 

• How to measure the value and quality (since this is important for e-science) of the 
warehouse? 

• How to monitor its quality after each reconstruction or refreshing (as the 
underlying sources change)? 
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The aspect of Connectivity 

• In general, connectivity concerns both schema and instances,   and it 
is achieved  through common URIs, common literals and  equivalence 
relations (e.g. sameAs) 

 

• Why it is useful to measure Connectivity 
– For assessing how much the aggregated content is connected 

– For getting an overview of the warehouse 

– For quantifying  the  value  of the warehouse (query capabilities) 

• Poor connectivity affects negatively the query capabilities of the warehouse. 

– For making easier its monitoring after reconstruction 

– For measuring the contribution of each source to the warehouse, and hence 
deciding which sources to keep or exclude    (there are already hundreds of 
SPARQL endpoints). Identification of redundant or unconnected sources 
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Context 
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Context: iMarine 
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Id: It is an FP7 Research Infrastructure Project (2011-2014) 

Final goal:  launch an initiative aimed at establishing and operating an e-
infrastructure supporting the principles of the Ecosystem Approach to fisheries 
management and conservation of marine living resources.  

 

Partners: 



Marine Information: in several sources 

WoRMS: World Register of Marine Species 

Registers more than 200K species 

 

ECOSCOPE- A Knowledge Base About Marine 
Ecosystems (IRD, France) 

 

FLOD (Fisheries Linked Data) of  

Food and Agriculture Organization (FAO) of the United 
Nations 

 

FishBase: Probably the largest  and most extensively  

accessed online database  

of fish species. 

 

DBpedia 
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Marine Information:  
in several sources 

Taxonomic information 

 

 

 

Ecosystem information (e.g. which fish eats which fish) 

 

 

Commercial codes 

 

 

General information, occurrence data,  including 
information from other sources 

 

 

General information, figures 
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Storing 

complementary 
information 



Marine Information:  
in several sources 

Web services (SOAP/WSDL) 

 

 

RDF + OWL files 
 

 

 

SPARQL Endpoint 

 

 

 

Relational Database 

 

 

SPARQL Endpoint 
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Using and accessed through  

different technologies 



The MarineTLO-based semantic warehouse 
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The Warehouse  
construction  and evolution process 
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Define requirements in terms  

of competency queries 

Fetch the data from the  selected sources  

(SPARQL endpoints, services, etc) 

Queries 

Transform and Ingest to the Warehouse 

Inspect the connectivity of  the 

Warehouse 

Formulate rules creating sameAs 

relationships 

Apply the rules to the warehouse 

Rules for 
Instance 
Matching  

sameAs triples 
Ingest the sameAs relationships  

to the warehouse 

Test  and evaluate the Warehouse  (using 

the competency queries and the conn. metrics) 

creates 

Warehouse 

produces 

Triples 

uses 

uses 
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The Metrics 
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Notations and Preliminaries 
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How to compare two sets of URIs, e.g. U1 and U2? 

• There are more than one methods 

• We propose the following three methods (policies) 

– The metrics that will be introduced can be computed using any of these 
policies 

 

 

• S1 … Sk: the underlying sources 

• triples(Si): the triples that Si contributes to the warehouse W 

• Ui: the URIs in the triples in triples(Si) 

• Liti: the literals in the triples in triples(Si) 



Example: Suffix-based URI equivalence 
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 http://www.dbpedia.com/Thunnus_Albacares   http://www.ecoscope.com/thunnus_albacares 

 Thunnus_Albacares   thunnus_albacares  

 ThunnusAlbacares   thunnusalbacares  

 thunnusalbacares   thunnusalbacares  

≡ 

= 

prefix removal 

underscore removal 

lower case conversion 

 last(u):   is the string obtained by    (a) getting the substring after the last "/" or "\#", 

and     turning the letters of the picked substring  to lowercase    and deleting the 

underscore letters that might exist. 
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Example: Entity Matching-based URI Equivalence 
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  http://www.ecoscope.com/thunnus_albacares 
http://www.fao.org/figis/flod/entities/codedentity/ 

636cdcea-c411-43ad-97ff-00c9304f5e60 

Matching Rule:  
If an Ecoscope individual's preflabel in lower case is the same with the 

attribute label of a FLOD individual then these two individuals are 

the same.  

Thunnus Albacares  thunnus albacares 

skos:preflabel label 

sameAs 

http://www.fao.org/figis/flod/entities/codedentity/


Connectivity Metrics 

• Proposed Metrics 

1. the matrix of percentages of the common URIs 

2. the matrix of percentages of the common literals 

3. the increments  in the average degree of each 
source 

4. the unique triple contribution of each source 

5. the complementarity factor of the entities of interest 
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Metric 1 : Matrix of Percentages of Common URIs 

The percentage of common URIs between  
source Si and Sj 

Yannis Tzitzikas et al., LWDM 2014, Athens 

 Suffix canonicalization   Entity Matching 
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Metric 2 : Matrix of Percentages of Common Literals 
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The percentage of common Literals 
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Metric 3 : Increase in the Average Degree 
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where 

It shows the increment of the graph-theoretic degree of each entity 
when it becomes part of the warehouse graph. 
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Metric 3 : Increase in the Average Degree 
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The average degree 
is increased from 
18.72 to 23.92. 

The average degree, of all 
sources is significantly 

bigger than before. 

 Suffix canonicalization 

  Entity Matching 



Metric 4 : Unique Triple Contribution 
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It shows the unique triple contribution of each source, which are the 
number of triples for each source  excluding triples that provided by any 
other source. 
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Metric 4 : Unique Triple Contribution 
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Every source contains a very high 
percentage of unique triples, so 
all the sources are important. 

The execution of the 
transformation rules results to 
the creation of new triples for 

the majority of sources. 

 Suffix canonicalization 

  Entity Matching 

(and ingestion 

transformations) 



Metric 5 : Complementarity Factor 
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The complementarity factor of the entities of interest is the number 
of sources that  provided unique  triples for each entity of interest 
(with the term entity we mean any literal or URI that contains the corresponding entity name, 
e.g the string “thunnus”) 

For the entities Thunnus and Shark, all the sources provided unique triples, but for 
the entities Greece and Astrapogon only three sources provided unique material. 
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Detecting Redundancies or other Pathological  Cases 

• The metrics allow spotting pathological cases e.g. redundant sources or totally 
unconnected sources 

• We defined two artificial sources 

– CloneSource:  a subset of Ecoscope’s and DBpedia’s triples as they are stored in the 
warehouse. 

– Airports:  containing triples about airports which were fetched from the DBpedia 
public SPARQL endpoint  

• Results 

– CloneSource: 0 unique contribution  as expected, since it was composed from triples 
of existing sources 

– Airports: The increase in the average degree for the entities of that source was very 
low (due to some common country names) 

• General Rules for identifying problematic cases 

– 1) If the unique contribution of a source is very low (resp. zero), then this means 
that it does not contribute significantly (resp. at all) to the warehouse. 

– 2) If the average increase of the degree of the entities of a source is low, then this 
means that its contents are not connected with the contents of the rest sources. 
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Metrics Results Displayed In HTML 
as computed by MatWare 
 



Concluding Remarks 

• We have proposed metrics for quantifying the connectivity of a 
semantic warehouse: 
1. the matrix of percentages of the common URIs and/or literals, 
2. the complementarity factor of the entities of interest, 
3. the increments  in the average degree of each source, and 
4. the unique triple contribution of each source. 

• By inspecting the proposed metrics-based matrixes one can very quickly get an 
overview of the contribution of each source and the tangible benefits of the 
warehouse  

• The values of (1),(2),(3) allow evaluating the warehouse, while (3) and (4) 
mainly concern each particular source. 

• One can exploit these metrics: 
– Before adding a new source: for investigating if a source is interesting for importing 

in the warehouse (e.g. to inspect if this source contributes unique information) 
– After a warehouse update: for inspecting and controlling the evolution of the 

warehouse, for inspecting if an update of a source affected positively or negatively 
the connectivity of the warehouse 

• We are currently working on extension of VoID for expressing and exchanging 
in machine processable (and query-able) manner these metrics 
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Thank you for your attention 
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Visit and send us feedback: 
www.ics.forth.gr/isl/MarineTLO 

www.ics.forth.gr/isl/MatWare 
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