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I am looking for interesting 
criminal profiles, 

but where to start?

Lucy is a criminologist looking for insights in large 
knowledge graphs.
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How to find 
sufficient 

examples?

Properties not in 
broader context, 
process may get 

“stuck”
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Our 
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Encoding in SPARQL2
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Facts as RDF triples:

Saddam_Hussein type Leader. Saddam_Hussein birthYear 1937. 
Ent                           Pred    Ent/Lit

Basic graph patterns (BGPs):

?x type   ?y.          ?x birthYear 1937.

sSPARQL (SPARQL fragment, simplified):
SELECT DISTINCT ?e
WHERE {?e type Person. ?e convictedOf []
MINUS {?e deathPlace []}
MINUS {?e convictedOf WarCrimes}.}

stands for an
undistinguished variable, allowing 

any value to be assigned to it
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sSPARQL (SPARQL fragment, simplified):
SELECT DISTINCT ?e
WHERE {?e type Person. ?e convictedOf []
MINUS {?e deathPlace []}
MINUS {?e convictedOf WarCrimes}.}
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Example query
SELECT DISTINCT ?e
WHERE {?e type Person. ?e convictedOf []
MINUS {?e deathPlace []}
MINUS {?e convictedOf WarCrimes}.}

“Negative” patterns must never hold.

• Closed world:
“positive” patterns must hold

• Step-wise semantics:
maximal subset of “positive” patterns must hold

• Weighted semantics:
maximal subset of “positive” patterns with maximal 
weight must hold

• Open world:
“positive” patterns may or may not hold

Example Knowledge Graph:
Saddam_Hussein deathPlace Baghdad.
Saddam_Hussein type Person. 
Silvio_Berlusconi convictedOf Fraud.
Angela_Merkel type Person.

Saddam 
Hussein is not 

an answer

No matching 
answers

Silvio Berlusconi  
and 
Angela Merkel

Silvio Berlusconi  
and 
Angela Merkel

Only Silvio 
Berlusconi
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• Proposition [containment between semantics]: for any Q and G, it holds that 
𝑄𝐶𝑙𝑜𝑠𝑒𝑑−𝑤𝑜𝑟𝑙𝑑 𝐺 ⊆ 𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐺 ⊆ 𝑄𝑠𝑡𝑒𝑝−𝑤𝑖𝑠𝑒 𝐺 ⊆ 𝑄𝑜𝑝𝑒𝑛−𝑤𝑜𝑟𝑙𝑑 𝐺

• Proposition [monotonicity]: for any sequence of questions and answers, it holds for the 
queries that encode them that

𝑄𝐶𝑙𝑜𝑠𝑒𝑑−𝑤𝑜𝑟𝑙𝑑
𝑖+1 𝐺 ⊆ 𝑄𝐶𝑙𝑜𝑠𝑒𝑑−𝑤𝑜𝑟𝑙𝑑

𝑖 𝐺 and 𝑄𝑜𝑝𝑒𝑛−𝑤𝑜𝑟𝑙𝑑
𝑖+1 𝐺 ⊆ 𝑄𝑜𝑝𝑒𝑛−𝑤𝑜𝑟𝑙𝑑

𝑖 𝐺 ,

i.e., answer candidate set monotonically decreases

• Proposition [encoding in closed-world semantics]: for every sSPARQL query 𝑄 and a KG 
𝐺, there exist sSPARQL queries 𝑄1, 𝑄2, 𝑄3 such that

 𝑄𝑠𝑡𝑒𝑝−𝑤𝑖𝑠𝑒 𝐺 = 𝑄𝐶𝑙𝑜𝑠𝑒𝑑−𝑤𝑜𝑟𝑙𝑑
1 𝐺

 𝑄𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐺 = 𝑄𝐶𝑙𝑜𝑠𝑒𝑑−𝑤𝑜𝑟𝑙𝑑
2 𝐺

 𝑄𝑜𝑝𝑒𝑛−𝑤𝑜𝑟𝑙𝑑 𝐺 = 𝑄𝐶𝑙𝑜𝑠𝑒𝑑−𝑤𝑜𝑟𝑙𝑑
3 𝐺
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• Depends on the semantics

• In the paper: deriving answer probabilities

• In the paper: selecting an example entity with  multiple properties

For a single question: choose a question 𝑞𝑝,𝑜 that maximizes the number of 

eliminated candidate answers

𝐸 𝐸𝜑′ − 𝐸𝜑
= P𝑟 "must" 𝑞𝑝,𝑜 𝐸𝜑 − 𝐸𝑝,𝑜 + P𝑟 "must not" 𝑞𝑝,𝑜 𝐸𝜑 ∩ 𝐸𝑝,𝑜
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• An interactive framework for knowledge graph exploration

• Selecting example entities with example properties to obtain feedback
• Adding constraints to an sSPARQL query

• Multiple semantics for dealing with incompleteness and 
avoiding “dead-ends”

• See the paper for more details
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