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Using Web	Knowledge Bases

q AutomaticallyGeneratedwith
§ Crowdsourcing
§ Extraction	/	Integration

q Used for
§ Enriching Datasets
§ Linking Datasets in	LOD
§ Knowledge Discovery
§ …

q Need to	know	when knowledge is completed
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Linked Open	Data	(2008…
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Related Works

q Interest of	information	about	roles
§ Data	mining on	web	knowledge bases	
§ Characterize query answers

q Mining	role cardinality for	individual
§ Exogenous	approaches
§ Endogenous	 approaches	(PCA)

q Mining	role cardinality for	concept
§ Contextual keys
§ Mandatory roles
§ Role minimum/maximum	cardinalities
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A	Look	on	Role Cardinalities in	DBpedia
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Take into account Incorrect	Facts

5

Incorrectness

§ About	one	hundred
persons have	2,	3,	4	or	5	
declared birth years

§ Maximum	cardinality
≠	
Bigest observed
cardinality
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Another Look	on	Role Cardinalities in	DBpedia

6ISWC	2019	- Auckland



Take into account Incompleteness
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Incompleteness

§ More	than half of	the	
persons have	only one	
declared parent

§ Maximum	cardinality
≠	
Most	frequently
observed cardinality
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More	on	Role Cardinalities in	DBpedia
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Closer Look	on	Role Cardinalities in	DBpedia
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Take into account Context and	Distribution
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Context

§ Maximum	Cardinality
is context dependant

§ Not	always
meaningful to	
computea	Maximum	
Cardinality
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q If	all	individuals	in	KB	have	only	1	parents?

qFor	M	the	truemaximum	cardinality	of	role	r

§ ε,	level	of	incorrectness	of	a	role	r:	represents	the	probability	to	observe	an	
individual	having	more	than	M	times	role	r

§ λ,	degree	of	completeness	of	role	r:	represents	the	probability	to	observe	an	
individual	having	M times	role	r

Computing	True	Maximum	Cardinalities
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Assumptions:	Level	of	Incorrectness
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qAssumptions	for	true	maximum	cardinality	computing
§ The	level	of	incorrectness	ε is	not	significant

ε =	0.43%	
0.43%	of	

persons	have	
more	than	2	
parents



Assumptions:	Degree	of	Completeness
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qAssumptions	for	true	maximum	cardinality	computing
§ The	level	of	incorrectness	ε is	not	significant
§ The	degree	of	completeness	λ is	significantly	higher

ε =	0.43%

λ =	46.7%	
46.7%	of	

persons	have	2	
parents

For	ε =	0.43%,	λ
greater	than	7%	
is	sufficient



Likelihood of	a	Maximum	Cardinality i

qConditional	probability P(X	=	i|X ≥	i)	

q𝐋𝐢𝐤𝐞𝐥𝐢𝐡𝐨𝐨𝐝	𝜏+
,,.(𝒦) = 34

5,6

374
5,6

qWithout incorrectness:	P(X	=	i|X ≥	i)=1⇔ i	is the	true maximum
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Examples of	Likelihood Values

qLikelihood	𝜏+
,,.(𝒦) = 34

5,6

374
5,6

q𝑛𝟐
BCDEFG,HIDCGJ=	9,392

q𝑛K𝟐
BCDEFG,HIDCGJ= 9,392+75+9+1

=	9,477
q 𝜏𝟐

BCDEFG,HIDCGJ 𝐷𝐵𝑝𝑒𝑑𝑖𝑎 = 𝟗𝟑𝟗𝟐
𝟗𝟒𝟕𝟕 = 0.991
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Problem
q 𝜏𝟔

BCDEFG,HIDCGJ(𝐷𝐵𝑝𝑒𝑑𝑖𝑎) = 1

qWithout incorrectness:	P(X	=	i|X ≥	i)=1⇔ i	is the	true maximum	card.
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Correction	Using Hoeffding’s Inequality

q Hoeffding’s inequality
§ True	for	any distribution
§ Upper	bound	of	the	deviation	when	estimating P(X	=	i|X	≥	i)	

qPessimistic likelihood

qGiven	a	confidence	level	1− 𝛿 we have	P(X	=	i|X ≥	i)	≥ 𝜏+i (𝒦)
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Examples of	Pessimistic Likelihood Values
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For	1 − 𝛿 = 99%



Significant Maximum	Cardinality w.r.t.	𝒦

qminimum	likelihoodthreshold𝑚𝑖𝑛k

qM	is a	SignificantMaximum	Cardinality iff
			M = argmax+Kq	𝜏+i 			and			𝜏rs ≥ 𝑚𝑖𝑛k

For	1 − 𝛿	=	99%	and	𝑚𝑖𝑛k= 0.97 the	maximum	cardinality
of	role parent	for	persons in	DBpedia is 2
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Algorithm:	concept	as	context

qContextual	Constraint	
§ Individualsof	concept	C have	at	mostM role R in	𝒦:	

𝐶 ⊑ ≤ 𝑀	𝑅

qConcept	hierarchy:						Artist ⊑ Person
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Minimality

qMinimal	Contextual	Constraint
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𝐀𝐫𝐭𝐢𝐬𝐭 ⊑ (≤ 2	parent)

Person ⊑ (≤ 2	parent)

Person ⊑ (≤ 𝟓	parent)

more	general more	general



C3M	Algorithm

Knowledge	base	𝒦

Set	of	roles𝑹 in	𝒦

Concept	hierarchy	(𝒞,⊑) in	𝒦

Confidence	level	1 − 𝛿

Minimum	likelihood threshold𝑚𝑖𝑛k

Set	of	all contextual maximum	cardinalities

𝛾: 𝐶 ⊑ ≤ 𝑀	𝑅

With 𝐶 ∈ 𝒞
									𝑅 ∈ 	𝑹

Such that 𝛾	is	minimal	w.r.t.	𝒞
																				𝛾	is	significantw.r.t.	𝒦
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On	the	Web	Knowledge Base	Scale…
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qDBpedia
§ ≥	483,000	concepts
§ ≥	60,000	roles

qYAGO
§ ≥	500,000	concepts
§ ≥	93,000	roles

q…



First	Pruning Criteria:	Significant

q Significantonly if	there is enough individualsof	C having role R

If |𝐶 ⊓ ∃𝑅. ⊤| < �F�	(� �� )
� q��+3� �					then no	constraint

					𝛾: 𝐶′ ⊑ ≤ 𝑀	𝑅 with 𝐶� ⊑ 𝐶

can be significantw.r.t.	𝓚

For	1− 𝛿	=	99%	and	𝑚𝑖𝑛k= 0.97: at	least	 2558 individuals
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𝜏rs ≥ 𝑚𝑖𝑛k
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Second	Pruning Criteria:	Minimal

If

Then no	constraint

can be minimal	w.r.t.	𝓚�𝐬	hierarchy	of	concepts
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𝛾q: 𝐶 ⊑ ≤ 1	𝑅

𝛾�: 𝐶′ ⊑ ≤ 𝑀	𝑅 ,	𝐶� ⊑ 𝐶,𝑀 ≥ 1
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Experiments
qAll	programs	and	someof	the	result sets:	
https://github.com/asoulet/c3m

q DBpedia
500	million	 triples	 /	480,000	concepts	 /	60,000	roles
All	experiments done with 1 − 𝛿	=	99%

Queried online	via	its SPARQL	Endpoint

q TESTED	KNOWLEDGE	BASES	NOT	NEED	TO	BE	DOWNLOADED
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Good	Scalability

27ISWC	2019	- Auckland



Manageable and	interesting constraints
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High	Precision 95%	of	the
mined constraints are	corrects

q Based on	a	built ground truth
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Conclusion
q Contributions

§ A	method for	computing	a	Significant maximum	cardinality	in	a	Web	knowledge	base,	based	
on	a	likelihood	measure	and	Hoeffding’s inequality

§ An	algorithm for	enumerating the	set	of	all	Minimal significant maximum	cardinalities in	a	
Web	knowledge	base

q Program	Features
§ High	scalability,	high	precision,	also interesting information	about	KB	content	generation
§ No	need to	download Web	knowledge bases

q Future	Work
§ Computeother Web	knowledge base	features
§ Use	more	reasonning (equivalent classes	or	properties,	owl:sameAs,	etc.)
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