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K-Graph SPARQL Query

SELECT ?x
WHERE {
  ?x p ?y .
  ?x q ?z .
}
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Annotated Result

K-Annotated SPARQL Algebra [Geerts et al.]

Support for multiple reification schemes

NPCS Architecture

Get all awarded women

SPARQL Query

SPARQLprov Query [Hernandez et al.]

SELECT DISTINCT ?x
WHERE {
  ?x gender female .
  ?x award ?y  .
}

NPCS Query
SELECT ?x (AggSum(?k⊕) as ?k)
WHERE {
  Reify(?x, gender, female, ?k⊕⊗0) .
  Reify(?x, award, ?y, ?k⊕⊗1) .
  BIND(Prod(?k⊕⊗0, ?k⊕⊗1) as ?k⊕)
}
GROUP BY  ?x

SELECT ?x ?k⊕⊗0 ?k⊕⊗1 ?k⊕
WHERE {
  Reify(?x, gender, female, ?k⊕⊗0) .
  Reify(?x, award, ?y, ?k⊕⊗1) .
  BIND(B(?x) as ?k⊕)
}
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Result

SPARQLprov Result

NPCS Result

Tested on different reification schemes using two engines (Stardog, GraphDB) with datasets of 10M, 
100M, 200M from WatDiv and 15 bil l ion triples from Wikidata.

Observed trends: NPCS consistently outperforms SPARQLprov in 48 out of 50 studied cases
Applicable to any standard RDF/SPARQL engine with a significant performance margin

Evaluation of NPCS

NPCS performs better on 10M and 100M Watdiv datasets

GraphDB

Stardog

On 200M, NPCS exhibits a more significant performance, with SPARQLprov
experienced increesed timeouts

Graph showing results vs. execution time for WDBench queries on Wikidata
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Conclusion
- Novel SPARQL-based method for computing how-provenance annotations
- Outperforms existing solutions
- Enables efficient computation of provenance for mill ions of query results on large knowledge graphs
- Ideal for ETL processes in multi-source KG construction

Knowledge Graphs: Data model for integrating data from various sources
Provenance: Critical for trust assessment and dynamic data   
Our Contribution (NPCS):
    - Enriches results with how-provenance annotations
    - Supports monotonic and non-monotonic SPARQL 
    - NPCS rewrites SPARQL query 𝑄 into 𝑄 ′, generating how-provenance polynomials
       in the spm–semiring K = (𝐾, ⊕, ⊗, ⊖, 0, 1) for a K-graph 𝐺.


