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Using Web Knowledge Bases

Linked Open Data (2008...

@.@

o Automatically Generated with s3380e28sSe208see

= Crowdsourcing
= Extraction/ Integration

o Used for

Enriching Datasets
Linking Datasetsin LOD
Knowledge Discovery

0o Need to know when knowledgeis completed
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Related Works

0 Interest of information about roles
= Data mining on web knowledge bases
= Characterize query answers

0 Mining role cardinality for individual
= Exogenous approaches
= Endogenous approaches (PCA)

o Mining role cardinality for concept
= Contextual keys
= Mandatory roles
= Role minimum/maximum cardinalities
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A Look on Role Cardinalities in DBpedia

Person / birthYear
4 ni\ T Ti
159,841 | 0.999 0.996
91| 0.928 0.775
41 0.571 0.000
21 0.667 0.000
\_ 1) 1.000 0.000

T s W N = <.
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Take into account Incorrect Facts

Incorrectness

= About one hundred Person / birthYear

personshave2, 3,4 or5 i ni\ T Ti
declared birth years 1/159,841 | 0.999 0.996
. - 2 911 0.928 0.775
= Maximum cardinality 3 41 0571 0.000
: 4 21 0.667 0.000
Bigest observed 5 1) 1.000  0.000
cardinality
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Another Look on Role Cardinalities in DBpedia

Person / parent
’ ni| Ti

Tq
10,643/ 0.529 0.518
9,392/0.991 0.975
75/ 0.882 0.718
910.900 0.420

\ ) 1.000 0.000

DY W N |~
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Take into account Incompleteness

Incompleteness

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

= Maximum cardinality
+
Most frequently
observed cardinality
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Person / parent

ng

Ti Ti

DY W N |~

10,643
9,392

75
9

N

0.529 0.518
0.991 0.975
0.882 0.718
0.900 0.420
1.000 0.000




More on Role Cardinalities in DBpedia

T / team
g ny\ Ti T
[.221.202/0.901 0.900
20,505/0.153 0.148
16,876(0.148 0.144

W N | ~.

20 | 2)1.000 0.000
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Closer Look on Role Cardinalities in DBpedia

JT

T / team

1

ni Ti Ti

11,221,202 0.901 0.900

2
3

20

20,505 0.153 0.148
16,876 0.148 0.144

2 1.000 0.000
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FootballMatch / team

’ n:;\ T3 ﬁ

26 (0.008 0.000
3,092 0.998 0.971
0.500 0.000
2 10.667 0.000
1.000 0.000

U b= W N |~
Qo




Take into account Context and Distribution

T / team

FootballMatch / team

1

ni Ti Ti

ni Ti Ti

11,221,202 0.901 0.900

2
3

20

20,505 0.153 0.148
16,876 0.148 0.144

2 1.000 0.000

26 0.008 0.000
3,092 0.998 0.971
3 0.500 0.000
2 0.667 0.000
1 1.000 0.000

U = W N | ~.
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= Maximum Cardinality
is context dependant

= Not always
meaningful to
computea Maximum
Cardinality




Computing True Maximum Cardinalities

olf all individuals in KB have only 1 parents?

oFor M the true maximum cardinality of roler

= g, level of incorrectness of a roler: represents the probability to observe an
individual havingmore than M times role r

= A, degree of completeness of role r: represents the probability to observe an
individual having M times role r
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Assumptions: Level of Incorrectness

. . . . . — )
aAssumptions for true maximum cardinality computing B 42-;3/;
: o)
" The level of incorrectness € is not significant ~ 7
persons have |

more than 2
parents

Person / parent

ni T Ti
10,643 0.529 0.518
9,392 0.991 0.975
0.882 0.718
910.900 _0.420

1/ 1.000 0.000

DY W N |~
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Assumptions: Degree of Completeness

nAssumptions for true maximum cardinality computing
= The level of incorrectness € is not significant £ =0.43%

= The degree of completeness A is significantly higher
& P & vy A=46.7%
46.7% of

Person / parent persons have 2
n; T / parents
Fore=0.43% A 10.643 0529 0.518

/ (9,3920.991 0.975

;
1
. 2
greater than 7% 3 75 0.882 0.718
4
6

is sufficient 9 0.900 0.420
1 1.000 0.000
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Likelihood of a Maximum Cardinality i

aConditional probability P(X =i|X 2)

nCF
l
C,

aLikelihood 7" (K) =

R
Tl>i

aWithout incorrectness: P(X =i|X 2i)=1 & iis the true maximum
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Examples of Likelihood Values

o CR n&R Person / parent

aLikelihood 7,7 (X) = 2CF . ni mN\ T
- 1 10,643 /0.529)\ 0.518
phersonparent_ g 30, 2 9,392/0.991 0.975
2 ’ 0.882 |0.718
910.900 /0.420
ang, P = 9,392475+9+1 000/ 0.000

=9,477 N
a7y PN (DBpedia) = . = 0.991
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Problem

0 Tgerson,parent (DBpedia) -1

oWithoutincorrectness: P(X =i|X>i)=1 & iisthe true maximum card.

Person / parent
1 n4 Ti ?z
1 10,643 0.529 0.518
2 9,392 0.991 0.975
3 75 0.882 0.718
4 9 0.900 0.420
6 1(1.0000.000
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Correction Using Hoeffding’s Inequality

o Hoeffding’s inequality
" True for any distribution
= Upper bound of the deviation when estimating P(X = i| X > i)

. i log(1/d
aPessimisticlikelihood 7;(K) ZmaX{ L \/ og(1/ ),0}

nN>; 2n>;

nGiven a confidencelevel 1 — 6 we have P(X =i|X2i)2T;(K)
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Examples of Pessimistic Likelihood Values

For1l — 6 =99% Person / parent

1 10,643 0.529 /0.518
2 9,392 0.991/0.975

3 75 0.88210.718
4 9 0.900 10.420
6 1 1.000
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Significant Maximum Cardinality w.rt. X

aminimum likelihood threshold min, Person / parent

i ni T Ti
oM is a Significant Maximum Cardinality iff 1 10,643 0.529 0.518
M =argmax;s; 7; and Ty = min, 2 9,392 0.991 0.975
B 3 75 0.882 0.718
4 9 0.900 0.420
6 1 1.000 0.000

For1 —0 =99% and min,= 0.97 the maximum cardinality
of role parent for personsin DBpediais 2
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Algorithm: concept as context

o Contextual Constraint
" Individuals of concept C have at most MroleR in K:

CE(EMR)

nConcept hierarchy: Artist = Person
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Minimality

o Minimal Contextual Constraint

Artist C (< 2 parent)

Cmore general |Person = (< 2 parent)| more general D

Person C (< 5 parent)
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C3M Algorithm

INPUT

Knowledge base K

Set of roles R in

Concept hierarchy (C,C)in K

Confidence level 1 — &

Minimum likelihood threshold min .

JT

OUTPUT
~ Set of all contextual maximum cardinalities
y:CE (£ MR)

mmmm) - WithC €C

RE R

Such that y is minimalw.r.t. C
- y issignificantw.rt. K
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On the Web Knowledge Base Scale...

oDBpedia
= > 483,000 concepts
= > 60,000 roles

oYAGO
= > 500,000 concepts
= > 93,000 roles
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First Pruning Criteria: Significant Ty = ming

a Significantonly if there is enough individuals of Chavingrole R

1
If | CTTIR. T| < log(/5) then no constraint

2(1-min;)?

y:C' = (< MR)withC' = C

can be significantw.r.t. X

For 1 — 6 = 99% and min,= 0.97: atleast 2558 individuals
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Second Pruning Criteria: Minimal

If

Then no constraint

V:C'E(EMR),C'EC,M=>1

can be minimalw.r.t. K's hierarchy of concepts
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Experiments

aAll programs and some of the result sets:
https://github.com/asoulet/c3m

o DBpedia
500 million triples / 480,000 concepts / 60,000 roles
All experiments done with 1 — § =99%

Queried online via its SPARQL Endpoint
0 TESTED KNOWLEDGE BASES NOT NEED TO BE DOWNLOADED
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Good Scalability

50000 |
45000
40000
35000
30000
25000
20000
15000
10000
5000

0 | | | | | | | |
09 091 092 093 0.94 0.95 0.96 0.97 0.98 0.99

Minimum likelihood threshold

Execution time (s)
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Manageable and interesting constraints

100000 ¢ T l T T T T 3
- All cardinalities —+—
With context ---—+--- 1
I Non-1 cardinalities -+
10000 £

1000 L

Number of constraints

100 |

10 | | | | | 1 1 1
09 091 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99

Minimum likelihood threshold
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High Precision 95% of the

mined constraints are corrects

o Based on a built ground truth

0.95

0.9

Precision

0.85

0.8 -

0.75 | | | | | | | |
09 091 092 093 094 095 096 0.97 0.98 0.99

Minimum likelihood threshold
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Conclusion

o Contributions

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

= Analgorithm for enumerating the set of all Minimal significant maximum cardinalities in a
Web knowledge base

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

o Future Work
= Compute other Web knowledge base features
= Use morereasonning (equivalent classes or properties, owl:sameAs, etc.)

dr ISWC 2019 - Auckland




Auckland 2019

Merci

arnaud.giacometti@univ-tours.fr
beatrice.markhoff@univ-tours.fr

arnaud.soulet@univ-tours.fr

Wniversité
de TOURS

ISWC 2019 - Auckland




