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Learning Objectives

Understand why RDF data model is useful
- RDF is the foundation of the Semantic Web!

Learn the RDF data model basic principles
Learn the RDF language(s)

= how RDF graphs are serialized (represented as text)
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Outline

• RDF data model
• RDF syntax

3



Department of
Computer Science

RDF data model
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Key idea: triple
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”subject” ”object””predicate”
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RDF graph = set of RDF triples 
- Two node types are used
• Literals (for data values)

• Can be represented as boxes
• Arcs can point to literals, 

but not start from them
• Resources 

• = IRI/URI web identifiers
• Can be represented as oval circles
• Arcs can point to resources or

start from them, too.
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RDF data model and relational 
databases
• Information is often available 

as tables in relational 
databases or CSV files

• RDF is a set of triples
– n-ary information can be 

represented as triples

• RDF is a data model: directed 
named graph

H1

Lemu

artist
person

”Akseli Gallen-Kallela”

H2

Askainen

marshal

”Gustaf Mannerheim”

type

type

name

name

occupation

occupation

birth place

birth place

subject predicate object
H1 type person
H1 name Akseli Gallen-Kallela
H1 occupation artist
H1 birth place Lemu
H2 type person
H2 name Gustaf Mannerheim
H2 occupation marshal
H2 birth place Askainen

person name occupation birth place …
H1 Akseli Gallen-Kallela artist Lemu
H2 Gustaf Mannerheim marshal Askainen
…
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Why RDF graphs are useful?

• Very simple knowledge representation model
• Still very powerful model
• Semantics of graphs can be defined in logic
• Easy to combine several graphs
• - For linked data
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Cf. example for the previous lecture:
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RDF Syntax (Language(s))
N-Triples andTurtle for Expressing Graphs
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N-Triples
= straight-forward way for representing graphs
Triple set is serialized in the following form:

subject1 predicate1 object1 .
subject2 predicate2 object2 .
...
IRIs are enclosed in angle brackets (<>):  <iri>:

<http://example.org/product2> .
<http://www.w3.org/1999/02/22-rdf-syntax#type> .
<http://example.org/computer> .

• For machines easy to read/write line by line
• For humans difficult to read/write due to redundancy
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https://www.w3.org/TR/n-triples/


Example (from Wikipedia/DBPedia)
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A Tool to Visualize RDF Graphs:
http://www.ldf.fi/service/rdf-grapher/
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http://www.ldf.fi/service/rdf-grapher/
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Turtle simplifies N-triples: Examples
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Using namespace prefixes
as short hand notation for
long identifiers

Original data in N-triples
Data in simpler Turtle notation
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Representing multiple property values
& several properties of a resource
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Multiple property values

Several properties
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Nesting blank nodes
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Turtle – more syntactic sugar
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http://en.wikipedia.org/wiki/File:Green_goblin2.jpg


Department of
Computer Science

RDF data model in more detail: 

• Literals (for data values)
• Resources (and their identifiers)
• Statements (triples)
• Graphs
• Datasets and quads
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Literals
for representing data values
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Literals

Literal is data encoded as a string
• ”Suomi”, ”Last waltz in Paris”
Literal value can be accompanied with a XML language tag:
• ”Suomi”@fi, ”Last waltz in Paris”@en
Literal value can be accompanied with a datatype (XML Schema)
• "-5"^^xsd:integer, "4.2E9"^^xsd:double
• Abbreviated numeric literals: -5, 4.2E9
• Default datatype: “Suomi” = “Suomi”^^xsd:string
Visualized typically as a rectangle in an RDF graph
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Example
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Resources and  their identifiers
for identifying resources globally
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URL

URL: Uniform Resource Locator
• An identifier  that also describes its network location for the HTTP protocol
• When one writes a URL in a browser one gets an HTML page in return
• http://www.aalto.fi/fi/research/
• http://www.ask.com/web?qsrc=1&o=0&l=dir&q=Capital+of+Finland&qo=serpSearchT

opBox
• http://urn.fi/urn:isbn:978-952-10-4171-6
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http://www.aalto.fi/fi/research/
http://www.ask.com/web?qsrc=1&o=0&l=dir&q=Capital+of+Finland&qo=serpSearchTopBox
http://urn.fi/urn:isbn:978-952-10-4171-6
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URI

URI: Uniform Resource Identifier
• Identifier that conforms syntactically to some official URI scheme on the Web

- E.g., http, https, ftp, mailto, urn, oid, xmpp, …

• URL is one of the URI schemes but there are tens of others, too
- A URI is not necessarily a web address

• http://dbpedia.org/resource/Helsinki
- Identifier for the concept of Helsinki in DBPedia

• <a href=" mailto:eero.hyvonen@aalto.fi">Send email</a>
- Identifier for an email address embedded in HTML code
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http://dbpedia.org/resource/Helsinki
mailto:eero.hyvonen@aalto.fi
mailto:eero.hyvonen@aalto.fi
mailto:eero.hyvonen@aalto.fi
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URN

URN: Uniform Resource Name
• An URI scheme for identifiers that only specifies a name but not address (like in HTTP)
• urn:isbn:978-952-10-4171-6
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http://urn.fi/urn:isbn:978-952-10-4171-6
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IRI

IRI: Internationalized Resource Identifier
• Generalization of URI based on Unicode character set
• URL encoding not needed
• http://dbpedia.org/resource/Väinö_Linna
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URNURL

URI

IRI
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URI schemes

• Particular syntactic types of URIs with an agreed interpretation
• Standardized by IANA Internet Assigned Numbers Authority

- Tens of URI schemes are available:
• ftp, http, mailto, urn, oid, xmpp, …

• Semantic Web advocates the use of HTTP URI/IRIs (URLs)
- HTTP URIs not only identify things but are addresses, too
- Type URI in a browser and you get useful info back!

27

http://www.iana.org/assignments/uri-schemes.html


IRI/URI syntax

IRI: IETF RFC 3987
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http://tools.ietf.org/html/rfc3987
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”Blank nodes” without a known identifier

Blank nodes arise from nested Turtle descriptions
• Can be represented in Turtle using brackets  [ … ]

• Blank node IRI is not given by the user but by the system when there is 
no need for assigning an IRI for making external references

• Blank nodes used only locally and internally in creating RDF graphs

Blank nodes are also called “bnodes” or “anonymous nodes”
Blank nodes are written in form _:identifier
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Example
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Statements
asserting information
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Statement

Statement asserts a relationship (property) between two resources
• E.g., ”Helsinki is part of Finland”

Statement is represented as a triple
• <resource, property, property_value>

<subject, predicate, object>

RDF graph = set of statements

Helsinki Finland
partOf

Helsinki@fi Finland@en

rdfs:label rdfs:label

Subject Predicate Object
1. Helsinki partOf Finland
2. Helsinki rdfs:label “Helsinki”@fi
3. Finland rdfs:label “Finland”@en
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Statement characteristics

Subject is an IRI or blank node
Predicate is an IRI (blank node is not reasonable predicate)
Object is an IRI, literal, or blank node
• Literals are used only as property values
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Are binary predicates enough for 
knowledge representation?
RDF uses only binary predicates (statements/triples)
• Often we use predicates with more than 2 arguments
Example problem: referee(X, Y, Z)
• X is the referee in a chess game between players Y and Z
N-ary predicates can always be represented by binary ones:
• a new auxiliary resource chessGame
• new binary predicates for arguments: ref, player1, and player2
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RDF graphs
set of triples
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RDF graph

RDF graph = set of triples (statements)
• <start node, arc, end node>  i.e.

<subject, predicate, object> 
Multiple graphs can be merged with the union operation of set 
theory
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An accurate formal representation of our earlier example:
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Datasets and quads
set of graphs
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Datasets, graphs, and quads in RDF 1.1

• Dataset consists of a set of RDF graphs
- Multiple named graphs and at most one unnamed (default) graph

• Graphs are encode sets of quads, where the 4th position is a graph IRI
- <http://example.org/spiderman> 
<http://www.perceive.net/schemas/relationship/enemyOf> 
<http://example.org/green-goblin> 
<http://example.org/graphs/spiderman> .

- If the 4th member is omitted, the triple belongs to the default graph
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Quads

A quad is like a triple but with four arguments
Adding the graph information (4. argument) into a triple can be 
important
• Information modularization

- E.g., restricting the search only to a specific named graph

• Representing provenience information
- E.g., the origin of the statement or the date of the addition into the dataset
- Used, e.g., in the Google Knowledge Graph
- Facilitates the management of contents
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Other Approaches to RDF syntax
(in addition to N-Triples and Turtle)
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N-Quads

Extends N-Triples notation for representing triples with graph 
information (line by line)

<http://example.org/spiderman> 
<http://www.perceive.net/schemas/relationship/enemy
Of> <http://example.org/green-goblin> 
<http://example.org/graphs/spiderman> .
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https://www.w3.org/TR/n-quads/


TriG

Extends basic Turtle notation for representing datasets (set of 
graphs)
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https://www.w3.org/TR/trig/
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RDF/XML

• RDF/XML is the original RDF syntax in the RDF 1.0 recommendation
• RDF serialized in XML notation
• Existing XML tools available

• Complicated syntax for humans to use
• Turtle is now in common use instead
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https://www.w3.org/TR/rdf-syntax-grammar/
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Example of RDF/XML
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More information: https://www.w3.org/TR/rdf-syntax-grammar/

https://www.w3.org/TR/rdf-syntax-grammar/
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For web programming
JSON-LD
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JSON-LD (JSON Linked Data)

• Human-readable notation with built-in support in programming 
languages/environments, such as JavaScript and Python

• See the interactive JSON-LD ”playground” online:
• http://json-ld.org/

• For a general JSON tutorial online, see:
• https://www.w3schools.com/js/js_json_intro.asp
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https://www.w3.org/TR/json-ld/
http://json-ld.org/
http://json-ld.org/
https://www.w3schools.com/js/js_json_intro.asp


Example of JSON-LD
http://json-ld.org/playground/index.html
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Transform JSON-LD into triples

http://json-ld.org/playground/index.html
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RDF data validation

• The validity of different RDF syntaxes can be checked with validators
• As part of the validation the serialized representation can be 

visualized as an RDF graph
• http://www.ldf.fi/service/rdf-grapher/ at Linked Data Finland 
• W3C RDF/XML validator
• More validators
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http://www.ldf.fi/service/rdf-grapher/
http://www.w3.org/RDF/Validator/
http://www.w3.org/2001/sw/wiki/SWValidators


Summary: Serialization of RDF
Representing RDF graphs as linear text (string)
• E.g., in a file: reading and writing
Alternative serializations for different needs
1. Intuitive for humans to read/write

- N-triples, Notation 3
- Turtle
- TriG, N-Quads

2. XML-interpretability for machines
- RDF/XML
- Existing XML tools available

3. For web programming
- JSON-LD

4. Embedding in web pages
- RDFa
- Publishing information for, e.g.,  search engines
- To be explained later in the course
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Summary (RDF)

• RDF provides a foundation for representing and processing metadata 
• RDF has a graph-based data model 
• RDF has different syntaxes
• RDF has a decentralized philosophy for data linking

- Incremental building of knowledge
- Sharing and reusing metadata

• RDF is domain-independent 
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