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Knowledge Graph

Knowledge in graph form



Lecture Outline

• Basics of Graph

• Basics of Knowledge graph

• Utility of knowledge graph

• Resource description framework (RDF)



Basics of Graph



What is a Graph?

• A graph consists of a set of vertices/nodes (V) and edges (E)

• G = (V,E)

• Edges represent connection between vertices 
• Connections are based on some relationship
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Types of graph

• Undirected graph
• Edges do not have any direction. 

• Edges encodes symmetric relationship

Example: Facebook friendship graph 

amit kiran

prasun nita



Types of graph

• Directed graph
• Edges have direction

• Used to encode asymmetric relationship



Types of graph

• Multi-graph
• There can be multiple edges between two nodes

• A and E work in the same company (co-worker)

• A and E are citizen of the same country (compatriot)



Weighted vs. Unweighted graph

• In weighted graph, edges have associated weights: 



Degree of a node

• Degree (for undirected graph): # edges associated to a node

• In-degree (directed graph): #  incoming edges

• Out-degree(directed graph): #  outgoing edges

Degree(3) = 3

In-degree(E) = 1
Out-degree(E) = 2



Path
• Path: 

• A path is a sequence of edges which joins a sequence of vertices

• Example: A, C, D, B

• Directed path: 
• A sequence of consecutive edges in a directed graph, starting from a node u 

and ending in node v. 

• Example: A,B,D, C

• Simple path: Directed or undirected path without the repetition of vertices

• Example: 
• A, B, D, C 

• A, B, C, D, C, E ×



Graph representation

• Adjacency matrix: 
• 𝐴𝑛×n for n node graph

• 𝑎𝑖𝑗 = 1, if there is an edge from 𝑖 𝑡𝑜 𝑗

• 𝑎𝑖𝑗 = 0, if no edge



Graph representation

• Adjacency list
• For every node, a list of its adjacent nodes is maintained. 



Which graph representation to pick?
• Matrix: 

• space efficient for dense graphs (1 bit per edge); 

• can be processed with matrix operations (highly parallel); 

• space inefficient for sparse graphs; 

• not natural for labelled multi-graphs

• List: 
• space efficient for sparse graphs; 

• easy to use for labelled multi-graphs; 

• harder to process (esp. if edge order can be random); 

• not space efficient for dense graphs

• knowledge graphs are typically sparse and labelled, so list is a natural 
choice

• But parallel processing still makes matrices attractive in some applications.



Knowledge Graph



What is a Knowledge graph? 

• Knowledge in graph form!

• Represents entities, attributes, and relationships

• Nodes represent entities

• Nodes are labeled with attributes (e.g., types)

• Typed edges between two nodes capture a relationship between 
entities



Knowledge Graph: Example



Why Knowledge in graph form? 

• 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



How knowledge graphs are created?
• Two broad routes

• Manual approach
• Ex: Wikipedia, dbpedia etc
• Not scalable
• Limited coverage
• High quality

• Automatic approaches 
• Uses ML over unstructured data
• Scalable
• Wide coverage
• Imperfect



Where do the knowledge graphs come from? 

• Structured data
• Wikipedia Infoboxes, tables, databases, social nets

• Unstructured text
• WWW, news, social media, reference articles

• Images

• Videos
• YouTube, video feeds



Knowledge graphs in industry

• Google Knowledge Graph
• Google Knowledge Vault

• Amazon Product Graph

• Facebook Graph API

• IBM Watson

• Microsoft Satori

• LinkedIn Knowledge Graph

• Yandex Object Answer



Use Cases



Web Search without Knowledge Graph



Web Search with Knowledge Graph

Structured 
information



Factual Answers

Lionel messi

Antonella 
Roccuzzo



Discovering Related Entities

Leonardo 
Dicaprio

titanic

Inception



Digital Assistant
Microsoft cortana

• Natural access and 
storage of knowledge

• Chat bots

• Personalization



Resource Description Framework



Encoding Graphs

• We have seen that graphs can be encoded in several ways:
• Adjacency matrix 
• Adjacency list 

• This is enough to store and manipulate graphs in software
• But it is not enough to exchange graphs across applications.

• Important questions:

• What kind(s) of graph do we want to exchange?
• How are vertices given (numbers? strings? )
• Do the edges have labels?
• How exactly are these things encoded in bytes in a file?



Resource Description Framework (RDF)

• What is RDF?
A language to describe Resources.

• What is a Resource?
• Any thing/concept in the world: a book, a movie, a person etc.

• Must be identified by a universally unique name (IRI/URI)

• What can we do with it?
• Unambiguously describe a concept/resource/thing

• Specify how these resources are related

• Do basic inferencing



Knowledge Representation in RDF

• Knowledge is represented in RDF as a set of Triples.

• What is a triple? 
• It consists of three parts (just like a sentence)

• Subject, Predicate and Object (S, P, O)

• Example: 
• Sentence: Trump is the president of America

• RDF triple: <Trump> <President of>  <America>

• Subject and predicate must be resources 

• Object can be a resource or literal (simple value e.g, 10)

subject predicate object



Graphs in RDF

• RDF allows us to specify graphs that are:
• directed (edges have a source and a target)

• edge-labelled (edges have one label)

• a special form of multi-graphs (multiple edges between the same vertices but 
they have different labels)

Source: Markus Krötzsch, Knowledge Graph



RDF Serialization

• An RDF graph is a logical model, we need to serialize in some format

• Possible serialization formats 
• XML

• NTriple (one triple in one line)

• Turtle

• N3



RDF Serialization: Examples
• Statement:  “there is a Person identified by http://www.w3.org/People/EM/contact#me, whose 

name is Eric Miller, whose email address is e.miller123@example, and whose title is Dr”.

• Subject: http://www.w3.org/People/EM/contact#me

• Objects:
• "Eric Miller" (with a predicate "whose name is"),

• mailto:e.miller123@example (with a predicate "whose email address is")

• "Dr." (with a predicate "whose title is")

• NTriple serialization: 
<http://www.w3.org/People/EM/contact#me> <http://www.w3.org/2000/10/swap/pim/contact#fullName> "Eric Miller" .

<http://www.w3.org/People/EM/contact#me> <http://www.w3.org/2000/10/swap/pim/contact#mailbox> 
<mailto:e.miller123(at)example> .

<http://www.w3.org/People/EM/contact#me> <http://www.w3.org/2000/10/swap/pim/contact#personalTitle> "Dr." .

<http://www.w3.org/People/EM/contact#me> <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> 
<http://www.w3.org/2000/10/swap/pim/contact#Person> .

Source: https://en.wikipedia.org/wiki/Resource_Description_Framework

http://www.w3.org/People/EM/contact#me
https://en.wikipedia.org/wiki/Resource_Description_Framework


RDF Serialization: XML
• Subject: http://www.w3.org/People/EM/contact#me

• Objects:

• "Eric Miller" (with a predicate "whose name is"),

• mailto:e.miller123@example (with a predicate "whose email address is")

• "Dr." (with a predicate "whose title is")

<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:fullName>Eric Miller</contact:fullName>

</rdf:Description>

<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:mailbox rdf:resource="mailto:e.miller123(at)example"/>

</rdf:Description>

<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:personalTitle>Dr.</contact:personalTitle>

</rdf:Description>

<rdf:Description rdf:about="http://www.w3.org/People/EM/contact#me">
<rdf:type rdf:resource="http://www.w3.org/2000/10/swap/pim/contact#Person"/>

</rdf:Description>



RDF Schema (RDFS)

• Defines the basic vocabulary that can be used in to model data in RDF



RDFS

Source: https://www.w3.org/TR/rdf-schema/#ch_reificationvocab

https://www.w3.org/TR/rdf-schema/#ch_reificationvocab


Defining Classes

• A class in RDF Schema corresponds to the generic concept of a category

• Suppose an organization wants to use RDF Schema to provide 
information about motor vehicles, vans and trucks

• RDF statements:

ex:MotorVehicle rdf:type rdfs:Class

ex:Van rdf:type rdfs:Class

ex:Truck rdf:type rdfs:Class



Defining Instances 

• Now we want to define a particular car (say Ertiga)

exthings:Ertiga rdf:type ex:MotorVehicle



Defining Subclasses

• Now suppose we want to define that vans and trucks are special kinds 
of motor vehicle

• A class can be a specialization of multiple superclasses

ex:Van rdfs:subClassOf ex:MotorVehicle

ex:Truck rdfs:subClassOf ex:MotorVehicle



Defining Properties

• A property can be defined by stating that it is an instance of the 
predefined class

• Example: 

ex:author rdf:type rdf:Property

• Then, property ex:author can be used as a predicate in an RDF triple

ex:john ex:author ex:book123

“John authored book123”



Domain and Range

• Domain predicate: 
• It defines the domain of a property

• Resource, which the property is a part of

• Range predicate: 
• Defines the range of the property

• Resource/literal that is value of the property

• Example: 
ex:Book rdf:type rdfs:Class . 
ex:Person rdf:type rdfs:Class .

ex:author rdf:type rdf:Property . 

ex:author rdfs:domain ex:Book . 
ex:author rdfs:range ex:Person



References

• RDF:
• http://www.w3.org/1999/02/22-rdf-syntax-ns#

• http://www.w3.org/2000/01/rdf-schema#

• Knowledge graph: https://kgtutorial.github.io/aaai.html

http://www.w3.org/1999/02/22-rdf-syntax-ns
http://www.w3.org/2000/01/rdf-schema
https://kgtutorial.github.io/aaai.html


Thank you!


