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Introduction 

What are Knowledge Graphs? 



The Rise of Knowledge Graphs 
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• We need a structured and formal representation of  
knowledge 

 
• We are surrounded by entities, which are connected by  

relations 

 
• Graphs are a natural way to represent entities and their  

relationships 

 
• Graphs can be managed efficiently 
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Why (Knowledge) Graphs? 



A (very small) Knowledge Graph 

http://www.w3.org/TR/2014/NOTE-rdf11-primer-20140225/example-graph.jpg 
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• Semantic descriptions of entities and their relationships 

• Uses a knowledge representation formalism 
(Focus here: RDF, RDF-Schema, OWL) 

 
• Entities: real world objects (things, places, people) and  

abstract concepts (genres, religions, professions) 

• Relationships: graph-based data model where  
relationships are first-class 

• Semantic descriptions: types and properties with a well-  
defined meaning (e.g. through an ontology) 

• Possibly axiomatic knowledge (e.g. rules) to support  
automated reasoning 
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What are Knowledge Graphs? 



Knowledge Graphs Enabling Intelligent Applications 

Knowledge Graph 

Algorithms 

Applications 

Data Transformation, Integration  
Natural Language Processing 

Data Sources 
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• Inferencing 

• Machine Learning 

• Entity Recognition 

• Disambiguation 

• Text Understanding 

• Recommendations 

• Semantic Search 

• Question Answering 

• Knowledge Sharing 

• Knowledge Management 

• Analytics 

• Entities 
• Relationships 
• Semantic Descriptions 

• Dashboards 



Examples and Applications 



Google Knowledge Graph 
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Entity Search and Summarizations 

Google Knowledge Graph 
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Discovering Related Entities 

Google Knowledge Graph 
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Google Knowledge Graph 

Factual Answers 

13 



Knowledge Graph Search API 

https://developers.google.com/knowledge-graph/ 
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LinkedIn Economic Graph 
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Examples and Applications 

Wikidata 



Open Knowledge Graphs 
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Open Knowledge Graphs 
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Open Knowledge Graphs 
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• Collecting structured data. Unlike the  
Wikipedias, which produce 
encyclopedic  articles, Wikidata collects 
data, in a  structured form. 

• Collaborative. The data in Wikidata is  
entered and maintained by Wikidata 
editors,  who decide on the rules of 
content creation  and management in 
Wikidata supporting the  notion of 
verifiability. 

• Free. The data in Wikidata is 
published  under the Creative 
Commons 

 
• Large. 

• 25 million entities 

• 130 million statements 

• 130 million labels 

• 350 languages 

• >1500 million triples 

Wikidata 
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• Build your applications using Wikidata 

• Free corpus of structured knowledge 

• Easily accessible and standards-based 

• See http://query.wikidata.org/ 

 
• Contextualize your enterprise data 

• Wikidata provides stable identifiers into the open data world 

• Seamless integration of private data with open data 

 
• Enrich Wikidata with your data 

• Contribute your data to Wikidata 

• Link to your own data, make it visible 

• Examples: 

• Open biomedical databases – Wikidata as a central hub 

• Cultural heritage 

Use Cases for the Wikidata Knowledge Graph 

http://query.wikidata.org/


Histropedia 
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Examples and Applications 



• Challenge: 

• Very context-rich data 

• Multi-disciplinary data, e.g. archaeologists, historians, librarians 

• Multi-institutional data 

• Complex domain, relationships, e.g. temporal, spatial, historical, political 

 
• Benefits of Knowledge Graphs 

• Integration and interchange of heterogeneous cultural heritage information 

• Rich ontologies for knowledge representation 

• Deep semantics for true conceptual merging 

• Multi-lingual knowledge representation 

• Knowledge access across museums and organizations 

• Enabling knowledge sharing and collaboration 
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Benefits of Knowledge Graphs 



ResearchSpace: Knowledge Graphs for Cultural Heritage 

 

 
• Collaboration environment for  

researchers in Cultural Heritage 

• Expert users: researchers, curators 

• Based on CIDOC-CRM: very rich,  
expressive ontology 

• Large, cross-museum data sets 

• E.g. British Museum: 100s millions of  
triples 

• Advanced search capabilities 

• Supporting query construction 

• Sharing of searches, results,  
visualizations 

• Knowledge sharing 

• Discussions around cultural heritage  
annotations 

• Argumentation support: 
Representation of conflicting views and  
opionions 

 

http://researchspace.org/ 
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http://researchspace.org/


Demo ResearchSpace Platform 
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Examples and Applications 

Life Sciences 



Challenge: 

 
• Much of the relevant  

knowledge in external  
databases 

• Many disparate  
databases / data silos 

• Many different  
data formats 

• Complex domain, complex relationships 
e.g. compounds, targets, pathways, diseases and tissues 

Benefits of Knowledge Graphs in the Life Sciences 
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• Integrated knowledge  
representation 

• Common format 

• Integrated knowledge access:  
One-stop portals 

Benefits of Knowledge Graphs in the Life Sciences 
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Standards and Principles 



Knowledge Graphs Built on the Semantic Web Layer Cake 

Unicode URIs 

RDF (Resource Description Framework) 

RDF-Schema 

OWL SKOS 

SPARQL 

Simple vocabulary  
language 

Query language 

Entities 

Relationships 

Vocabularies 

Ontologies 

Expressive Ontology  
Language 

Thesauri,  
classification  
schemes 

Graph data 
model 
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Our Knowledge Graph again (a bit more technical) 
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Our Knowledge Graph again (a bit more technical) 

Graph consists of: 

• Resources  
(identified via  
URIs) 

• Literals: data  
values with data  
type (URI) or  
language  
(multilinguality  
integrated) 

• Attributes of  
resources are  
also URI-  
identified (from  
vocabularies) 

• Various data sources and vocabularies can be arbitrarily mixed and meshed 

• URIs can be shortened with namespace prefixes; e.g. schema: → 
http://schema.org/ 
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http://schema.org/
http://schema.org/


Allows one to talk about anything 

 
Uniform Resource Identifier (URI) can be used to identify entities 

http://dbpedia.org/resource/Leonardo_da_Vinci  

is a name for Leonardo da Vinci 

http://www.wikidata.org/entity/Q12418 

is a name for the Mona Lisa painting 

Resource Description Framework (RDF) 

dbpedia:  
Leonardo_da_Vinci 

wd:Q12418 
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Allows one to express statements 

An RDF statement consists of: 

• Subject: resource identified by a URI 

• Predicate: resource identified by a URI 

• Object: resource or literal 

Variety of RDF syntaxes, 
e.g. Turtle (Terse RDF Triple Language): 

wd:Q12418 dcterms:creator dbpedia:Leonardo_da_Vinci . 

Resource Description Framework (RDF) 

wd:Q12418 

dcterms:creator 

dbpedia:  
Leonardo_da_Vinci 
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• Query language for RDF-based knowledge graphs. 

• Designed to use a syntax similar to SQL for retrieving data  
from relational databases. 

• Different query forms: 

 
• SELECT returns variables and their bindings directly. 

• CONSTRUCT returns a single RDF graph specified by a graph  
template. 

• ASK test whether or not a query pattern has a solution. Returns  
yes/no. 

• DESCRIBE returns a single RDF graph containing RDF data about  
resources. 
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SPARQL –  * Protocol and RDF Query Language 



Main idea: Pattern matching 

• Queries describe sub-graphs of the queried graph 

• Graph patterns are RDF graphs specified in Turtle syntax, which contain variables (prefixed by  

either “?” or “$”) 

• Sub-graphs that match the graph patterns yield a result 

• The syntax of a SELECT query is as follows: 
 

• SELECT nominates which components of the matches made against the data should be returned. 
 

• FROM (optional) indicates the sources for the data against which to find matches. 
 

• WHERE defines patterns to match against the data. 
 

• ORDER BY defines a means to order the selected matches. 

SPARQL –  * Protocol and RDF Query Language 

dbpedia:  
Leonardo_da_Vinci 

?var 
dcterms:creator 
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Example: 

Select the creator of the things  
that Bob is interested in. 

SPARQL –  * Protocol and RDF Query Language 

PREFIX foaf: <http://xmlns.com/foaf/0.1/>  
PREFIX dcterms: <http://purl.org/dc/terms/> 
 
SELECT ?creator  
WHERE { 
<http://example.org/bob#me> foaf:topic_interest ?interest . 
?interest dcterms:creator ?creator 
} 

dbpedia:Leonardo_da_Vinci Results: 
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