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MOTIVATION
Knowledge Graphs
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MOTIVATION
Entity Co-occurrence
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Source: https://en.wikipedia.org/wiki/List_of_songs_recorded_by_the_Beatles



MOTIVATION
Entity Co-occurrence
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Exploit structured
data sources

Document Web
with taxonomy

Document Web
with fixed schema

Open Information 
Extraction

DBpedia

YAGO

Wikidata

DBkWik

Reverb

OLLIE

Probase

WebIsALOD

KnowledgeVault

NELL
PROSPERA

[Dong et al., 2014]

loose
schema

fixed
schema

static retrieval

dynamic retrieval



APPROACH
Example | Wikipedia List Page
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Source: https://en.wikipedia.org/wiki/List_of_German-language_authors



APPROACH
Example | DWS Researchers
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Source: https://dws.informatik.uni-mannheim.de/en/people/researchers/



APPROACH
Problem Description

D document corpus

E entities in D

r
sur

a surface relationship between two entities

r
sem

a semantic relationship between two entities
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Pd={pd, r sur ,r sem|∀ e1 , e2∈Ep :e1 ,e2∈Ed∧rsur(e1 ,e2)∧rsem(e1 , e2)}

For every d  D∊ D : Find set of patterns P
d
 with

then fuse individual P
d
 to generalized set of patterns P



APPROACH
Research Questions

1) Is it possible to discover arbitrary entity co-occurrence 
patterns locally (i.e. within a bounded context like 
Wikipedia) as well as globally (on the Web)?

2) Can co-occurrence patterns be grouped into different types 
of patterns and if so, how do these groups differ in their 
performance?

3) How well can (groups of) co-occurrence patterns be 
generalized so that they can be applied to arbitrary web 
documents?
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METHODOLOGY
Pipeline
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Pattern
Extraction

Pattern
Fusion

Pattern
Application

● Three-phased approach

● Inputs:

KG
s

seed knowledge graph

D
s

seed corpus of web documents (containing entities described in KG
s
)

D
t

target corpus of web documents (to gather new knowledge from)



METHODOLOGY
Pipeline | Pattern Extraction
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Pattern
Extraction

Pattern
Fusion

Pattern
Application

● locate and and link entities in D
s
 to KG

s

● gather data for extraction of patterns
● use distant supervision and local closed world assumption

● use structural features of the document to extract patterns
● e.g. DOM-tree paths (generic) or Wiki markup (specific)

● output: (possibly empty) set of patterns P
d
 for every d ∊ D



METHODOLOGY
Pipeline | Pattern Fusion
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Pattern
Extraction

Pattern
Fusion

Pattern
Application

● fuse patterns p
1
 and p

2
 if their respective relations r

sur
 and r

sem
:

➢ are equal

➢ subsume one another

➢ can be subsumed by a more general relation

● output: generalized set of patterns P



METHODOLOGY
Pipeline | Pattern Application
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Pattern
Extraction

Pattern
Fusion

Pattern
Application

● apply patterns in P to D
t

● depending on the generality of patterns in P, we might set D
t
 = D

s

● output: set of (novel) entities and facts
● new entities can be discovered with arbitrary pattern p

● new facts are extracted in the context of r
sem

 of a pattern p



METHODOLOGY
Pipeline | Iterative Extension
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Pattern
Extraction

Pattern
Fusion

Pattern
Application

● possible extension (as used by NELL):
● extract only high-quality patterns P

● iteratively run the pipeline with P as seed patterns



METHODOLOGY
Evaluation
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● intrinsic
● metrics like size, coverage, accuracy (with regard to LCWA)

● extrinsic
● evaluate quality of KG with help of human judges

● task-based
● compare with other KGs when used for specific applications



EXPERIMENTS
Concept | Wikipedia Categories and Lists
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EXPERIMENTS
Example| Wikipedia Categories and Lists
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ENTITIES
● lists 29 band members (5 of them unlinked)

TYPES
● dbo:Agent        (21)
● dbo:Person        (23)
● dbo:Artist        (20)
● dbo:MusicalArtist        (22)

PROPERTIES
● dbo:genre = dbr:Alternative_rock        (15)
● dbo:genre = dbr:Industrial_rock        (10)
● dbo:bandMember of dbr:Nine_Inch_Nails   (4)

possible discovery of:

5 new entities + 88 facts



EXPERIMENTS
Concept | Patterns from the Web
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document corpus

schema.org

microdata,
RDFa, ...

WDC

entity recognition

 

knowledge graph

?



DISCUSSION
Potentials & Limitations

+ complement existing approaches

+ discover entities / facts with very little local evidence

- generalized patterns might need additional context

- no extension of T-Box / schema not flexible enough
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Source: https://en.wikipedia.org/wiki/List_of_selfie-related_injuries_and_deaths
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