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¡ Node: entity / concept

¡ Edge: attribute / relationship

n Other famous knowledge bases

¡ DBpedia, Freebase, Wikidata,

YAGO, WordNet, Probase …

¡ Linked Open Data (LOD) cloud
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n RDF��
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resource value
property

“ The world is not
made of strings, but
is made of things ”

RDF (Resource Description Framework)

Semantic Web layers
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n �
�entity / link prediction
¡ given (!, ", ?), complete a triple by predicting # // or ! given (?, ", #)

n ���$���

¡ !'���translational models�

n TransE: model (!, ", #) as ' + ) ≈ +
n � �*: TransH, TransR, PTransE, …

¡ (���

n DISTMULT, ComplEx, NLFeat, NeuralLP, …
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(Washington, capitalOf, America)
+ ≈

Vector space



Convolutional 2D Knowledge Graph Embeddings

n �!�a multi-layer convolutional network model 
¡  5 1 & 2����������'embeddings

¡  5 3, 4 & 5�/
�%���(������!)&2�1�0
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n ���obligatory attributes (����)
¡ Determine whether all instances of a given class have a given attribute in 

the real world – while all we have is an incomplete KB

n hasBirthDate is an obligatory attribute for class Person, while hasSpouse is not

n ���counting quantifiers (��!�)
¡ Text often contains only counting information: the number of objects that 

stand in a specific relation with a certain entity, without mentioning the 
objects themselves

n Given the sentence “Trump has three sons and two daughters”, the output for 
predicate numberOfChildren should be 5.

n Children CQ: Wikipedia 12%;  name mentioned: 7%; Wikidata: 2.5%
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Determining Obligatory Attributes in Knowledge Bases
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Enriching Knowledge Bases with Counting Quantifiers

n �������

n 	��Non-maximal seeds; Sparse, skewed observations; Linguistic diversity

n ��

¡ � 1���CQ

¡ � 2���CQ
1. Sum up compositional mentions 

2. Select prediction per type 

3. Rank mention types: !"#$%&!#' ≫ !!)*+,$* ≫ !-$%&!#' ≫ !#$+&"',
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Bootstrapping Entity Alignment with KG Embedding

n #��0/embedding�1��$��

n ���1)2�4"%,�.*&��; 2)�%"
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n � �bootstrapping

n ����-+DBpedia��
�Wikidata�YAGO���
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KG1 triples

KG2 triples

Prior 
alignment Supervised 

triples
Parameter
swapping

Alignment 
predictor

Alignment-oriented KG 
embedding training

Likely 
alignment

Parameter
swapping

Alignment
editing Alignm

ent
labeling



Unsupervised Ontology Matching with Refined Word Vectors

n ������%!��

n ���tailor word embeddings to the domains and ontologies

n ��

¡ Learn domain-specific word vectors

n WordNet, PPDP, WikiSynonyms

n ���(�Dual embedding space model

¡ Extend stable marriage algorithm

n !-optimal mappings:$�
(����	

n ��

¡ OAEI Conference��)

¡ Schema.org – DBpedia alignment
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antonym repel

synonym attract

original word-vector distance
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Scalable Rule Learning via Learning Representation
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