


Knowledge Graphs (KG)

7.3 RDFS Entailment Rules

RDFS entailment rules.

[Rule Name

If E contains:

rdfs1

uuu aaa lll.

where lll is a plain literal (with or without a language tag).

aaa rdfs:domain XXX .

then add:

l_:nnn rdf:type rdfs:Literal .

\where _:nnn identifies a blank node allocated to Ill by rule rule Ig.

rdfs2 LUU aaa yyy - uuu rdf:type XXX .
aaa rdfs:range XXX . B
rdfs3 T e R - VWV rdf:type XXX .
rdfs4a uuu aaa Xxx . uuu rdf:type rdfs:Resource .
rdfs4b uuu aaa vvv. \Vwv rdf:type rdfs:Resource .
uuu rdfs:subProperty0f vwv . .
rdfs5 VWV rdfs: SubProperty0f XxX . uuu rdfs:subProperty0f XXX .
rdfs6 uuu rdf:type rdf:Property . uuu rdfs:subPropertyOf uuu .
aaa rdfs:subProperty0f bbb .
rdfs7 uuu aaa yyy . uuu bbb yyy .
rdfs8 uuu rdf:type rdfs:Class . uuu rdfs:subClassOf rdfs:Resource .
sdo:Person [«
N
A S uuu rdfs:subClassOf XXX
/ N rdfs9 wirattypeTutls VWV rdf:type XXX .
1 N
. | S rdfs10 uuu rdf:type rdfs:Class . uuu rdfs:subClassOf uuu .
rajs:su ass S
- ! - df bClassOf
~ uuu rdfs:subClassOf vwv . .
1 S rdfs11 i v e uuu rdfs:subClassOf XXX .
| A S
rdfs12 uuu rdf:type rdfs:ContainerMembershipProperty . uUuu rdfs:subPropertyOf rdfs:member .

uuu rdf:type rdfs:Datatype . Uuu rdfs:subClassOf rdfs:Literal .

usgov:President

rdﬁ type rdfs13

1961-08-04 («— sdo:birthDate sdo:spouse

usgov:MichelleObama

usgov:BarackObama
(globally unigue)



Logical Inconsistencies

* Example from the Pizza Ontology (that serves as tutorial for OWL and Protégé)

* Contains two contradictions asserted by its developers on purpose

Explanation 1 Display laconic explanation Explanation 1 Display laconic explanation
Explanation for: CheesyVegetableTopping EquivalentTo owl:Nothing Explanation for: IceCream EquivalentTo owl:Nothing
CheesyVegetableTopping SubClassOf CheeseTopping IceCream SubClassOf hasTopping some FruitTopping

CheesyVegetableTopping SubClassOf VegetableTopping hasTopping Domain Pizza

DisjointClasses: CheeseTopping, SeafoodTopping,
FruitTopping, HerbSpiceTopping, MeatTopping, NutTopping,
SauceTopping, VegetableTopping

DisjointClasses: IceCream, Pizza, PizzaBase, PizzaTopping

When these unsatisfiable classes are instantiated = Inconsistency

Inconsistent KG : a graph for which no model exists



Logical Inconsistencies

* Example from the Pizza Ontology (that serves as tutorial for OWL and Protégé)

* Contains two contradictions asserted by its developers on purpose

Explanation 1 Display laconic explanation Explanation 1 Display laconic explanation
Explanation for: CheesyVegetableTopping EquivalentTo owl:Nothing Explanation for: IceCream EquivalentTo owl:Nothing
CheesyVegetableTopping SubClassOf CheeseTopping IceCream SubClassOf hasTopping some FruitTopping

CheesyVegetableTopping SubClassOf VegetableTopping hasTopping Domain Pizza

DisjointClasses: CheeseTopping, SeafoodTopping,
FruitTopping, HerbSpiceTopping, MeatTopping, NutTopping,
SauceTopping, VegetableTopping

Justifications

Minimal subset of the KG that is sufficient for the entailment (contradiction) to hold

DisjointClasses: IceCream, Pizza, PizzaBase, PizzaTopping



inconsistencies in large KGs

Limits of justifications :
* Can occur frequently
* Domain dependent

* Justification retrieval algorithms do not scale to billions of triples

otivation for this work

Develop an approach that allows us to :
* Detect and explain inconsistencies in large KGs
* Analyse and compare different KGs’ qualities

* Facilitate repairing the inconsistencies



Contributions

1.

Definition of an anti-pattern : a more general explanation for contradictions that
categorizes common mistakes in KGs, independently from their domain

Approach that allows to retrieve these generalized explanations from any KG,

independently from their size

Comparison of the consistency of the most commonly used KGs in the Web



1. Anti-Patterns




A - fO‘VW\«M
t1-pattern definition

* Basic Graph Pattern (contains variables, similarly to a SPARQL query)

e (Generalization of common type of inconsistency in a KG

* Replaces domain-dependent information in a justification with variables

rdfs:subClassOf G,

Explanation 1 Display laconic explanation

Explanation for: CheesyVegetableTopping EquivalentTo owl:Nothing
CheesyVegetableTopping SubClassOf CheeseTopping
CheesyVegetableTopping SubClassOf VegetableTopping

DisjointClasses: CheeseTopping, SeafoodTopping,
FruitTopping, HerbSpiceTopping, MeatTopping, NutTopping,
SauceTopping, VegetableTopping

ointWith




formal

Anti-pattern (e Fimid

* Basic Graph Pattern (contains variables, similarly to a SPARQL query)

e (Generalization of common type of inconsistency in a KG

* Replaces domain-dependent information in a justification with variables

Explanation 1 Display laconic explanation

Explanation for: IceCream EquivalentTo owl:Nothing
IceCream SubClassOf hasTopping some FruitTopping
hasTopping Domain Pizza
DisjointClasses: IceCream, Pizza, PizzaBase, PizzaTopping

rdf:type

owl:disjointWith




2. Detection of Anti-Patterns

in large KGs




Anti-pattern detection

1. Retrieve justifications of contradictions

2. Generalise these detected justifications into anti-patterns

Complexity :
* KGs can be too large to query or store in memory
* Justification retrieval algorithms do not scale

* Guaranteeing the retrieval of all anti-patterns in a large KG
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Subgraph Retrieval

-~

/

Retrieval of subgraphs from the knowledge graph with a max limit of triples

Large KG

& GEE

subgraph 1

subgraph 2

subgraph 3

subgraph n
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Justification Retrieval

Sd Justification

&2 Justification

&2 Justification

Openllet
reasoner

&2 Justification

Retrieval of the detected inconsistencies with their justifications in each subgraph
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[s2 Justification

[s2 Justification

| Justification generalisation

[s2 Justification

[s2 Justification

Anti pattern 1

[s2 Justification

| Anti pattern 2 |

[sl2 Justification

| Anti pattern N |

[s2 Justification

[s2 Justification

[s2 Justification

Generalization of each justification into an anti-pattern
(and grouping similar anti-patterns using graph isomorphism)
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3. Experiments

1. Completeness Evaluation




Completeness Evaluation

Subgraph Retrieval
subgraph 1
-~ @ subgraph 2
<]

@ subgraph 3

>

Large KG '
@ subgraph n

Retrieval of subgraphs from the knowledge graph with a max limit of triples
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Pizza ontology

Table 1: Impact of the subgraph size limit GG,,,,, on the number of detected anti-
patterns and the runtime of the approach (in seconds) for the Pizza dataset.

Gmaw

Detected

Step 3 Number of
Anti-patterns Runtime Runtime Runtime Runtime Subgraphs

50
100
250
500
750
1K
No limat

Total Step 1 Step 2
2 3 1 2
2 4.3 1.3 3
2 8 3 5
2 13 6 7
2 18 8 10
2 23 10 13
2 2 - 3.1

0.01 335
0.01 186
0.05 7
0.04 38
0.08 25
0.08 19
0.1 -

Result 1 : Both contradictions (and anti-patterns) can be detected despite graph partition
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Linked Open Vocabulary + YAGO

Table 2: Impact of the subgraph size limit G,,,; on the number of detected
anti-patterns and the runtime of the approach (in seconds) for LOV and YAGO.

a Detected Total Stepl Step2 Step 3 Number of
™% Anti-patterns Runtime Runtime Runtime Runtime Subgraphs
500 0 1,783 216 1,566 2 101,673
1K 2 3,505 429 3,073 3 50,960
L| 5K 39 4,525 668 3,829 28 10,218
0| 10K 39 5,106 739 4,349 18 5,109
V| 25K 39 5,347 835 4,493 18 2,041
50K 39 5,497 858 4,615 24 1,014
100K 39 5,758 946 4,792 20 507
500 0 3,403 649 2,753 1 18,203,648
vl 1K 0 3941 1,223 2,717 1 9,123,936
A SK 135 14,342 2,125 12,004 214 1,829,442
G 10K 135 18,283 2,265 15,739 279 914,721
o 25K 135 19,174 2,938 16,013 223 365,422
50K 135 34,177 3,289 30,684 204 181,547
100K 135 68,264 3,976 64,081 206 90,773

Result 2 : Partitioning the graph into subgraphs of maximum 5K triples gives

the best trade-off between coverage and runtime
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3. Experiments

11. Scalability Evaluation




Scalability Evaluation

Table 3: Results of detecting anti-patterns from three of the largest KGs in the
Web: LOD-a-lot, DBpedia and YAGO.

LOD-a-lot DBpedia YAGO
number of triples 28,362,198,927 1,040,358,853 158,991,568
number of distinct namespaces 9,619 20 11
number of distinct anti-patterns 222 13 135
largest anti-pattern size 19 12 16
runtime (in hours) 157.56 13.01 3.98

Result 3 : We can detect almost all anti-patterns from any KG with their justifications
(in a reasonable time, on a standard server)
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3. Experiments

111. Analysis of contradictions on the Web




ost common sizes of anti-patterns

— DBpedi
35 - pedia
—— Yago
c
()
= 25 -
©
e
= 20 -
©
°15-
C
2
g 10 -
<
5_
0_
1 1 | 1 1 1
0 5 10 15 20 25

Size of the anti-pattern

Result 4 : Most inconsistencies in DBpedia stem from direct instantiations of unsatisfiable

classes, while in LOD-a-lot and YAGO it requires following longer chains
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SELECT * WHERE {

?C4 rdfs:subClassOf ?C3.
?C4 rdfs:subClassOf ?C2.
?C2 rdfs:subClassOf ?CO.
?CO rdfs:subClassOf ?C1.

?a0 rdf:type ?C4.

?C1 owl:disjointWith ?C3. }

a0
C4_C2
Co
kite graph

SELECT * WHERE {
?a0 rdf:type ?CO.
?a0 rdf:type ?C4.

?C3 owl:disjointWith ?CS5.

?C2 rdfs:subClassOf ?C3.
?C4 rdfs:subClassOf ?C5.
?CO rdfs:subClassOf ?C1.
?C1 rdfs:subClassOf ?C2.}

Co ab

C4
5

cycle graph

ost common types of anti-patterns

SELECT * WHERE {
?al rdf:type ?CO.

?C4 owl:disjointWith ?C1.

?p0 rdfs:range ?C1.

?CO rdfs:subClassOf ?C2.
?C2 rdfs:subClassOf ?C3.
?C3 rdfs:subClassOf ?C4.
?a0 ?p0 ?al.}

Co
C2

a
c14C3

domain or range
based graph

[ SubClassOf
B DisjointClasses
I ClassAssertion
Domain
Range
B Class
Instance

B Property

Result 5 : Three common types of anti-patterns (when transitive chains are shortened)
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ti-patterns vs justifications

Table 5: Impact of generalising justifications to anti-patterns

sup(P) LOD-a-lot @ DBpedia YAGO
Minimum 2 1 1
Mazximum 45,935,769 32,997 379,546
Average 4,988,176.9 7,796.07 133,998.31
Median 23,126 4,469 106,698
Total 1,107,375,273 101,349 18,089,773
Total per triple 3.9% 0.009% 11.3%

Result 6 : There exists over 1 billion justiﬁcations of contradictions in LOD-a-lot

Result 7 : A single anti-pattern in LOD-a-lot generalizes over 456M retrieved justifications



Conclusion




Contributions

1. Definition of an anti-pattern : a more general explanation for contradictions that categorizes
common mistakes in KGs, independently from their domain

2. Anti-pattern retrieval approach that allows to retrieve these generalized explanations from
any KG, independently from their size

3. Analysis of contradictions in the Web by comparing anti-patterns detected in real-world
datasets totaling 30 billion triples

All detected anti-patterns with their support are available online as SPARQL queries
https://tinyurl.com/ic2022-antipatterns

These inconsistencies can now be repaired

using a CONSTRUCT query
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https://tinyurl.com/ic2022-antipatterns

Contributions

1.

Definition of an anti-pattern : a more general explanation for contradictions that categorizes
common mistakes in KGs, independently from their domain

Anti-pattern retrieval approach that allows to retrieve these generalized explanations from
any KG, independently from their size

Analysis of contradictions in the Web by comparing anti-patterns detected on real-world
datasets totaling 30 billion triples

Thank you

. | . *7»* , S Y
Thomas de Groot Joe Raad Stefan Schlobach

Analysing Large Inconsistent Knowledge Graphs using Anti-Patterns, ESWC 2021
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