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Google’s Knowledge Graph
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What is the knowledge graph ?

• Knowledge graph is a graph of knowledge
• Each node represents an entity
• Each edge represents a relationship
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Let’s construct 
the knowledge graph



What is the knowledge graph ?

• Knowledge graph (KG) is a graph of knowledge
• Each node represents an entity
• Each edge represents a relationship
• Each triple represents one knowledge

• <Subject, Predicate, Object>
• Ex. <Japan, capitalCity, Tokyo>, <Japan, area, 377962 km2>
• Subject must be an entity
• Object can be an entity or a literal (value)
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Ontology: a specification of a conceptualization.
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Characteristics of Knowledge Graph

• Directed Graph
• Attributed (Node-labeled, Edge-labeled)
• Dynamic Graph
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Knowledge Graph Projects

https://medium.com/@sderymail/challenges-of-knowledge-graph-part-1-d9ffe9e35214#.cvd9viz37 12
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Knowledge Graph Projects

• NELL: Never-Ending Language Learning (Read the web)

• Cyc & OpenCyc: The world’s common sense knowledge base

• Freebase: A public, editable knowledge graph with schema template

• GDELT: monitors the world's broadcast, print, and web news

• DBPedia: extracted from structured data in Wikipedia

• WordNet & ConceptNet: lexical database and semantic network

• YAGO: derived from Wikipedia, WordNet, and GeoNames.

• WikiData, Google’s KV, Yahoo, Facebook, OpenIE, Microsoft, DeepDive, Prospera, …

https://medium.com/@sderymail/challenges-of-knowledge-graph-part-1-d9ffe9e35214#.cvd9viz37 13



Advantages of Knowledge Graph

• Flexible
• Machine Understandable
• Suitable for 

• Question-Answering 
• Data Exploration
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Limitations of Knowledge Graph (1)

• One Triple = <Subject, Predicate, Object> 
= S+V+O
= One Knowledge 
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Limitations of Knowledge Graph (2)

• But, not all knowledges can be represented with S+V+O
• S + V Ex. Balloons can fly
• S + not + V + O Ex. Muslims do not eat pork
• S + V + O + T Ex. Thailand’s PM was Ms.Yingluck

during Aug 2011 – May 2014
• S + V + O1 + O2 Ex. Germany paid 64 billions dollars to 

The Allies of World War I
• Sequences Ex. Cooking Recipes
• …
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Related Terms and Motivation

• Semantic Web, Web of Data, Linked Data
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I have a dream for the Web [in which computers] become capable of
analyzing all the data on the Web – the content, links, and transactions
between people and computers. A "Semantic Web", which makes this
possible, has yet to emerge, but when it does, the day-to-day mechanisms
of trade, bureaucracy and our daily lives will be handled by machines talking
to machines. The "intelligent agents" people have touted for ages will finally
materialize.

Weaving the Web, Tim Berners-Lee (1999)

https://en.wikipedia.org/wiki/Semantic_Web



Semantic Web

• Web metadata

• Semantic HTML
• <i>  <em>
• <span class=“author” id =“user001”>
• Semantic tags such as section, article, footer, progress, nav, 

aside, mark, and time.

18https://en.wikipedia.org/wiki/Semantic_Web



Linked Data

• Publishing and connecting structured data on the web

19https://en.wikipedia.org/wiki/Schema.org



20
"Linking Open Data cloud diagram 2017, by Andrejs Abele, John P. McCrae, Paul Buitelaar, 
Anja Jentzsch and Richard Cyganiak. http://lod-cloud.net/" 

Linked Open Data



Linked Data Principle

• Use URIs (Uniform Resources Identifiers) as names for things

• Use HTTP URIs so that people can look up those names

• When someone looks up a URI, provide useful information, 
using the standards (RDF, SPARQL)

• Include links to other URIs to allow discovering more things

• Ex. http://data.linkedmdb.org/resource/film/77
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Standards

• RDF (Resource Description Framework) 
• The data model of semantic web
• “Graph” : Nodes, Edges, Triples <Subject, Predicate, Object>
• Triples are organized into named graphs, forming quads (4).

• URI (Universal Resource Identifier)
• Universal identities for things (consistent across databases)
• In RDF, resources and edges are URIs.
• Might be written in shorthand 

• Ex. foaf:name = http://xmlns.com/foaf/0.1/name

http://www.cambridgesemantics.com/semantic-university/rdf-101 22



Standards

• RDFS (RDF Schema) 
• Define common vocabularies for RDF based on the Object-

oriented concept
• rdf:type, rdf:Class, rdfs:Property, rdfs:Domain, rdfs:Range, 

rdfs:subClassOf, rdfs:subPropertyOf
• rdfs:label, rdfs:comment, rdfs:seeAlso

http://www.cambridgesemantics.com/semantic-university/rdfs-introduction 23



Standards

• OWL (Web Ontology Language) 
• The ontology (schema) language of the Semantic Web
• Efficient automated reasoning, fast, and flexible
• Larger than RDFS

• Datatype: owl:real, xsd:decimal, xsd:negativeInteger, …
• Class, DatatypeProperty, ObjectProperty, …
• ClassExpressions: Intersection, Union, Cardinality, Existential, …
• Axioms: subclass, equivalent, disjoint, irreflexive, functional, …
• …

https://www.w3.org/TR/owl2-syntax/ 24



Standards

• SPARQL (SPARQL Protocol and RDF Query Language)
• Enables querying the Semantic Web
• Consists of two parts: query language and protocol
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Web Technologies Timeline

26http://www.sankarakannan.com/web-1-0-to-web-4-0/

Web 1.0 Web 2.0 Web 3.0 Web 4.0

1990 2000 2010 2020 2030

Desktop                 Infrastructure       Rich Internet Apps      Semantic Web         Ubiquitous Web

Unconnected Connects Info           Connects People      Connects Knowledge    Connect Intelligence 

1980

PC EraPC Era

• Databases
• Files & Folders

• HTML, IMAP
• POP, FTP
• JAVA
• HTTP, SOAP

• Static Websites
• Email
• Keyword Search
• File Sharing

• Web Application
• Wiki, Podcasts
• eCommerce
• Social Network

• P2P
• XML, RSS
• CSS, Javascript
• Ajax

• Semantic Search
• Social sharing
• Web as DB
• Personal Assistant

• OWL, SPARQL
• RDF, RDFS

• Smart Markets
• Intelligent Agents Web
• Semantic Communities
• The Global Brain

• Internet of Things
• Reasoning
• Natural Language

• Windows
• MacOS
• SQL



Research Areas of Knowledge Graph
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Construction

• Cold Start Knowledge Base Population
• Entity Creation and Resolution
• Information Extraction
• Slot Filling

Mining, Inference, & Analysis

• Link-based Clustering
• Association Rule Mining
• Question Answering System
• Knowledge Graph Embedding

(Infra) Structure

• Data Model
• Search and Traversal
• Query Optimization
• Handling Data Streams

Completion

• Link Prediction
• Type Prediction
• Literal Estimation
• Cross-lingual Analysis

Validation & Refinement

• Instance Matching
• Error Detection
• Error Correction
• Quality Assessment

Start
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KG is not complete

Tina

Alex

Bob

Tokyo

NII

spouse

livesIn

livesIn

worksAtisParentOf

1974-07-24

deathDate

1985-12-04

birthDate

Tokyo is one of 
the … 

abstract

2187.66
areaTotal

KG
A-box

• Knowledge Graph Completion

• Rules Learning : Given current knowledge graph, learn …
• (A, spouse, B) :- (B, spouse, A) 100%
• (A, isParentOf, B) :- (A, spouse, C), (C, isParentOf, B) 85%
• (A, locatedIn, B) :- (C, worksAt, A), (C, livesIn, B) 70%

spouse
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KG is not correct
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• Error Detection in Knowledge Graph
• Numerical Outlier Detections
• Detecting Inconsistencies in Knowledge Graph 
• etc.

• Error Correction in Knowledge Graph
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Real Example • http://dbpedia.org/page/Donald_Trump

Donald Trump is a child
of himself !!
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Real Example • http://dbpedia.org/page/Marla_Maples

Donald Trump is her 
husband and her child !!
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Error Classification
# Error Class Type

Consistent
Fact (Correct) Appropriate

- No Error / / /

S Semantic Inappropriate / / X

? Not sure (due to lack of definition) / / ?

L Link Missing / / X

U Unit Missing (for measurement) / / X

D Duplicate Values / / X

C Collective Information / / X

E Link to wrong entity / X X

V Incorrect Value/External Link / X X

I Invalid Link / X X

F Fragment / X X

T Type-conflicting relation X ~ X



Range violation errors
• The object of a triple does not have the type required by the 

range of the triple’s property

• Examples
• < Chandan_Dasgupta, academicAdvisor, Harvard_University >

• academicAdvisor requires an object with type Person
• Harvard University does not contain the type Person, but University

• < Bonkers (album), compiler, Neophyte (band) >
• compiler requires an object with type Person
• Neophyte does not contain the type Person, but band

• < Latin America, language, Mayan languages >
• language requires an object with type Language
• Mayan languages does not contain the type Language, 

but it is actually a language
34

Object Incorrect

Range Incorrect

Object Type 
Incorrect / Missing



Examples

• Non-Person objects being 
a parent of another object 
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SELECT ?type COUNT(DISTINCT(?o)) as ?cnt
WHERE {
?s dbo:spouse ?o.
?o a ?type.
FILTER 
regex(?type,"http://dbpedia.org/ontology")
FILTER NOT EXISTS {?o a dbo:Person.}
} GROUP BY ?type



The Framework

Refine property’s range

Infer objects’ type

Find correct objects
36

• Appropriate range
• Triples violating the range

• Property p and its range
• All triples with property p

• Triples with incorrect objects


