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Advanced Data Models and Databases
XML

Recap

➢ Semantic Web
… to put machine-understandable data on the Web…
… data can be shared and processed by automated tools as well as by people…

• W3C recommendations
• XML, DTD, XSD
• XPath, XQuery 

• JSON and GraphQL



Advanced Data Models and Databases
RDF and Linked Data 

Outline

➢ RDF (Resource Description Framework)

➢ SPARQL (SPARQL Protocol And RDF Query Language)

➢ Linked Data



Advanced Data Models and Databases
RDF and Linked Data

RDF (Resource Description Framework)

• In the Semantic Web, a resource can be basically anything

• e.g., people, places, “ the temperature of today”, “all the cars in Linköping”

• A resource can be described using: 

• Attributes
• Relationships

• The framework contains
• A data model
• Languages and syntaxes

• To represent graph data and support data exchange



Advanced Data Models and Databases
RDF and Linked Data

RDF

• Data is represented as a set of triples 

• A triple: (subject, predicate, object)

• Subject: resources

• Predicate: properties

• Object: literals or resources

• Examples:

• (Linköping University, start year, 1975)

• (Linköping University, location, Linköping)

• (Linköping University, location, Norrköping)

• (Linköping University, has faculty, Science and Engineering)



Advanced Data Models and Databases
RDF and Linked Data

View Triples as a directed graph

• Subjects and Objects as vertices/nodes

• Each triple as an edge from its subject to its object

• Each edge labeled by a predicate

(Linköping University, start year, 1975)

(Linköping University, location, Linköping)
(Linköping University, has faculty, Science and Engineering)
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Uniform Resource Identifier (URI)

Other universities may also have faculties named “Science and Engineering”…

Therefore, how can we determine whether two nodes actually refer to the same 

resource?



Uniform Resource Identifier (URI)

• URIs extend the concept of URLs (Uniform Resource Locator)

• Globally unique identifier for resources

• URL of a Web document usually used as its URI

• However, URIs identify more than web documents

• RDF document about me: http://huanyuli.se/foaf.ttl

• HTML document about me: http://huanyuli.se/index.html

• To identify anything in RDF data

• Concept: http://huanyuli.se/teaching.ttl#Course

• Instance: http://huanyuli.se/teaching.ttl#Huanyu_Li

• Relationship: http://huanyuli.se/university.ttl#hasFaculty

http://huanyuli.se/foaf.ttl
http://huanyuli.se/index.html
http://huanyuli.se/foaf.ttl#me
http://huanyuli.se/foaf.ttl#me
http://huanyuli.se/teaching.ttl#Huanyu_Li
http://huanyuli.se/university.ttl
http://huanyuli.se/university.ttl


URI Syntax

• Syntax [1]:

• [Schema]://[authority][Path]?[query]#[fragment]

• Examples [2]:

[1] Berners-Lee, T., Fielding, R., & Masinter, L. (2005). RFC 3986: Uniform resource identifier (uri): Generic syntax.

[2] Masinter, L., Berners-Lee, T., & Fielding, R. T. (2005). Uniform resource identifier (URI): Generic 

syntax. Network Working Group: Fremont, CA, USA.

• Concept: http://huanyuli.se/teaching.ttl#Course
• Instance: http://huanyuli.se/teaching.ttl#Huanyu_Li
• Relationship: http://huanyuli.se/university.ttl#hasFaculty

http://huanyuli.se/foaf.ttl#me
http://huanyuli.se/foaf.ttl#me
http://huanyuli.se/teaching.ttl#Huanyu_Li
http://huanyuli.se/university.ttl
http://huanyuli.se/university.ttl


URI

(http://example.org/Linköping_University, http://example.org/start_year, 1975)

(http://example.org/Linköping_University, http://example.org/location, http://example.org/Linköping)

(http://example.org/Linköping_University, http://example.org/has_faculty, http://example.org/Science_and_Engineering)



Compact URI (CURIE)

(ex:Linköping_University, ex:start_year, 1975)

(ex:Linköping_University, ex:location, ex:Linköping)
(ex:Linköping_University, ex:has_faculty, ex:Science_and_Engineering)

• A syntax for expressing Compact URIs
• To more easily express RDF-based models
• Abbreviated Notation for URIs

• Prefix name (references a prefix of the URI)

• Colon character (“:”)

• Reference part

• URI as concatenating the prefix and the reference part (namespace and identifier)

• Example:

• ex for prefix http://example.org/

(http://example.org/Linköping_University, http://example.org/start_year, 1975)

(http://example.org/Linköping_University, http://example.org/location, http://example.org/Linköping)

(http://example.org/Linköping_University, http://example.org/has_faculty, http://example.org/Science_and_Engineering)



Example with CURIEs

(ex:Linköping_University, p:start_year, 1975)

(ex:Linköping_University, p:location, dbpedia:Linköping)

• dbpedia for prefix http://dbpedia.org/resource/

• p for prefix http://example.org/property/

• ex for prefix http://example.org/

http://dbpedia.org/resource/
http://dbpedia.org/property/
http://example.org/tddd43/


Literals

(ex:Linköping_University, p:start_year, 1975)
(ex:Linköping_University, p:start_year, “1975”^^xsd:integer)
(ex:Linköping_University, p:name, “Linköping University”@en)
(ex:Linköping_University, p:name, “Linköpings Universitet”@sv)

• In the object position of RDF triples

• Represented by strings and interpreted by datatypes
• Datatype identified by a URI
• We usually use the XML schema datatypes (e.g., xsd:integer, xsd:string)
• If no datatype is provided, then interpreted as xsd:string

• Untyped literals can have language tags (e.g., @en, @sv)



RDF Syntax or Serialization formats

• Different ways to represent RDF data in text

• N-Triples

• Turtle

• RDF/XML

• JSON-LD

• RDFa



N-Triples

• The simplest form

• As raw RDF triples

• Using fully unabbreviated URIs

• Each URI written between angle brackets <URI>

• A triple (three resources) written in order, followed by a period (.)

<http://example.org/tddd43/Linköping_University>  <http:dbpedia.org/property/has_faculty>  

<http://example.org/tddd43/liu/Science_and_Engineering> .



Turtle

• Simple, and human-readable notation

• @prefix directive binds a prefix to a namespace URI

• A whitespace character between elements in a triple

• A period (.) after a triple 

@prefix p: <http://dbpedia.org/property/> .

@prefix ex: <http://example.org/tddd43/> .
@prefix ex-liu: <http://example.org/tddd43/liu/> .

@prefix dbpedia: <http://dbpedia.org/resource/> .

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

ex:Linköping_University  p:has_faculty  ex-liu:Science_and_Engineering .

ex:Linköping_University  p:location     dbpedia:Linköping .
ex:Linköping_University  p:location     dbpedia:Norrköping .

ex:Linköping_University  p:name "Linköping University"@en .
ex:Linköping_University  p:start_year "1975"^^xsd:integer .



Turtle provides some syntactic sugar

• Property lists separated by a semicolon (;) character

• Object lists separated by a comma (,) character

@prefix p: <http://dbpedia.org/property/> .

@prefix ex: <http://example.org/tddd43/> .
@prefix ex-liu: <http://example.org/tddd43/liu/> .

@prefix dbpedia: <http://dbpedia.org/resource/> .

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

ex:Linköping_University p:has_faculty  ex-liu:Science_and_Engineering ;
                        p:location  dbpedia:Linköping, dbpedia:Norrköping ;

                        p:name "Linköping University"@en ;

                        p:start_year "1975"^^xsd:integer .



Turtle provides some syntactic sugar

• Shortcuts for number literals

ex:Linköping_University p:has_faculty  ex-liu:Science_and_Engineering ;

                        p:location  dbpedia:Linköping, dbpedia:Norrköping ;
                        p:name "Linköping University"@en ;

                        p:start_year "1975"^^xsd:integer .

ex:Linköping_University p:has_faculty  ex-liu:Science_and_Engineering ;

                        p:location  dbpedia:Linköping, dbpedia:Norrköping ;
                        p:name "Linköping University"@en ;

                        p:start_year 1975.

Equivalent to



RDF/XML

• Historically, W3C recommended the XML serialization of RDF, RDF/XML

• Web infrastructures are accustomed to representing information in HTML, 

and more generally, XML

• RDF/XML also supports CURIEs

<rdf:RDF xmlns:p="http://dbpedia.org/property/"

         xmlns:ex="http://example.org/tddd43/"

         xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

         xmlns:ex-liu="http://example.org/tddd43/liu/"

         xmlns:dbpedia="http://dbpedia.org/resource/">

<rdf:Description rdf:about="ex:Linköping_University">

   <p:has_faculty rdf:resource="ex-liu:Science_and_Engineering"/>

   <p:location rdf:resource="dbpedia:Linköping"/>

   <p:location rdf:resource="dbpedia:Norrköping"/>

   <p:name xml:lang="en">Linköping University</p:name>

   <p:start_year rdf:datatype="http://www.w3.org/2001/XMLSchema#integer">1975</p:start_year>

</rdf:Description>

</rdf:RDF>



RDF/XML vs Turtle

@prefix p: <http://dbpedia.org/property/> .
@prefix ex: <http://example.org/tddd43/> .
@prefix ex-liu: <http://example.org/tddd43/liu/> .
@prefix dbpedia: <http://dbpedia.org/resource/> .

ex:Linköping_University p:has_faculty  ex-liu:Science_and_Engineering ;
                        p:location  dbpedia:Linköping, dbpedia:Norrköping ;
                        p:name "Linköping University"@en ;
                        p:start_year 1975 .

<rdf:RDF xmlns:p="http://dbpedia.org/property/"

         xmlns:ex="http://example.org/tddd43/"

         xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

         xmlns:ex-liu="http://example.org/tddd43/liu/"

         xmlns:dbpedia="http://dbpedia.org/resource/">

<rdf:Description rdf:about="ex:Linköping_University">

   <p:has_faculty rdf:resource="ex-liu:Science_and_Engineering"/>

   <p:location rdf:resource="dbpedia:Linköping"/>

   <p:location rdf:resource="dbpedia:Norrköping"/>

   <p:name xml:lang="en">Linköping University</p:name>

   <p:start_year rdf:datatype="http://www.w3.org/2001/XMLSchema#integer">1975</p:start_year>

</rdf:Description>

</rdf:RDF>

Turtle

RDF/XML



JSON-LD: JSON for Linked Data

• Encoding Linked Data (RDF data) using JSON

• Mappings data (keys) in JSON to RDF resources

• @context

• Valid JSON

{
“@context”: {
 “ex”: “http://example.org/”,
 “p”: “http://dbpedia.org/property”,
 “dbpedia”: “http://dbpedia.org/resource”
}
"@id" : ”ex:Linköping_University",
”p:has_faculty" : { "@id" : "http://example.org/tddd43/liu/Science_and_Engineering" } ,
”p:location" : [ 

{ "@id" : ”dbpedia:Linköping" }, 
{ "@id" : ”dbpedia:Norrköping"} 
],

”p:name" : 
{
"@language" : "en",
"@value" : "Linköping University"
} ,

……
}

JSON-LD



JSON-LD

@prefix p: <http://dbpedia.org/property/> .
@prefix ex: <http://example.org/tddd43/> .
@prefix ex-liu: <http://example.org/tddd43/liu/> .
@prefix dbpedia: <http://dbpedia.org/resource/> .

ex:Linköping_University p:has_faculty  ex-liu:Science_and_Engineering ;
                        p:location  dbpedia:Linköping, dbpedia:Norrköping ;
                        p:name "Linköping University"@en ;
                        p:start_year 1975 .

{
“@context”: {
 “ex”: “http://example.org/”,
 “p”: “http://dbpedia.org/property”,
 “dbpedia”: “http://dbpedia.org/resource”
}
"@id" : ”ex:Linköping_University",
”p:has_faculty" : { "@id" : "http://example.org/tddd43/liu/Science_and_Engineering" } ,
”p:location" : [ 

{ "@id" : ”dbpedia:Linköping" }, 
{ "@id" : ”dbpedia:Norrköping"} 
],

”p:name" : 
{
"@language" : "en",
"@value" : "Linköping University"
} ,

……
}

Turtle

JSON-LD



RDFa: RDF inside HTML attributes

• RDF annotation to (X)HTML at the attribute level

• RDFa 1.0 based on XHTML (W3C recommendation, 2008)

• RDFa 1.1 based on HTML5 (W3C recommendation, 2012)

• Attributes:

• about: a URI or CURIE

• property: specifying a property for a resource

• rel: specifying a relationship with another resource

• resource: specifying a resource

• datatype: specifying datatype for a property



RDFa: RDF inside HTML attributes

@prefix p: <http://dbpedia.org/property/> .
@prefix ex: <http://example.org/tddd43/> .
@prefix ex-liu: <http://example.org/tddd43/liu/> .
@prefix dbpedia: <http://dbpedia.org/resource/> .

ex:Linköping_University p:has_faculty  ex-liu:Science_and_Engineering ;
                        p:location  dbpedia:Linköping, dbpedia:Norrköping ;
                        p:name "Linköping University"@en ;
                        p:start_year 1975 .

<div xmlns="http://www.w3.org/1999/xhtml"
prefix="ex: http://example.org/

xsd: http://www.w3.org/2001/XMLSchema#
ex-liu: http://example.org/tddd43/liu/

dbpedia: http://dbpedia.org/resource/
p: http://dbpedia.org/property/">

<div about="http://example.org/Linköping_University">
<div property="p:start_year" datatype="xsd:integer">1975</div>
<div property="p:name" datatype="xsd:string">Linköping University</div>
<div rel="p:location" resource="dbpedia:Linköping"></div>
<div rel="p:location" resource="dbpedia:Norrköping"></div>
<div rel="p:has_faculty" resource="ex-liu:Science_and_Engineering"></div>

</div>
</div>

Turtle

RDFa



RDF Syntax or Serialization formats

• Different ways to represent RDF data in text

• N-Triples, easy to parse

• Turtle, easy to read and manually edit RDF

• RDF/XML, for XML-based applications

• JSON-LD,  make existing JSON-based API support semantic

• RDFa, extend existing HTML-based applications



Exercise

• Represent the following graph data in RDF (e.g., Turtle serialization)

• What are the resources about?

• What properties are needed to model the resources?



Exercise

• Represent the following graph data in RDF (e.g., Turtle serialization)

• What are the resources about?

• What properties are needed to model the resources?
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(Labeled) Property Graph

• Directed multigraph

• Multiple edges between the same pair of nodes

• Any node and any edge may have a label

• Any node and any edge may have an arbitrary set of key-

value pairs (“properties”)
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Property Graphs versus RDF Graphs

• Similarities

• Directed multigraphs

• Labels on edges and on nodes

• Attributes with values on nodes

• Differences

• No edge properties in RDF graphs

• Edge labels cannot appear as nodes in a PG (in RDF, we may have 

<s1, p1, o1> and <p1, p2, o2>)

• No multivalued (node) properties in a PG

• Node and edge identifiers in a PG are local to the PG, while URIs in 

RDF graphs are globally unique identifiers
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Exercise: converting RDF to Property Graph

• Given a set of RDF triples

ex:restaurant_A     rdf:type     ex:Restaurant
ex:restaurant_A     ex:hasWebsite “http://restaurantA.org”
ex:restaurant_A     ex:hasSite     ex:Linköping
ex:restaurant_A     ex:startDate    “2012-02-01”

ex:restaurant_B     rdf:type     ex:Restaurant
ex:restaurant_B     ex:hasWebsite “http://restaurantB.org”
ex:restaurant_B     ex:hasSite     ex:Linköping
ex:restaurant_B     ex:startDate    “2013-02-01”

ex:Linköping      rdf:type      ex:City
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Graph Data Systems

Exercise: converting RDF to Property Graph

• Given a set of RDF triples

ex:restaurant_A     rdf:type     ex:Restaurant
ex:restaurant_A     ex:hasWebsite “http://restaurantA.org”
ex:restaurant_A     ex:hasSite     ex:Linköping
ex:restaurant_A     ex:startDate    “2012-02-01”

ex:restaurant_B     rdf:type     ex:Restaurant
ex:restaurant_B     ex:hasWebsite “http://restaurantB.org”
ex:restaurant_B     ex:hasSite     ex:Linköping
ex:restaurant_B     ex:startDate    “2013-02-01”

ex:Linköping      rdf:type      ex:City Nodes 
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Exercise: converting RDF to Property Graph

• Given a set of RDF triples

ex:restaurant_A     rdf:type     ex:Restaurant
ex:restaurant_A     ex:hasWebsite “http://restaurantA.org”
ex:restaurant_A     ex:hasSite     ex:Linköping
ex:restaurant_A     ex:startDate    “2012-02-01”

ex:restaurant_B     rdf:type     ex:Restaurant
ex:restaurant_B     ex:hasWebsite “http://restaurantB.org”
ex:restaurant_B     ex:hasSite     ex:Linköping
ex:restaurant_B     ex:startDate    “2013-02-01”

ex:Linköping      rdf:type      ex:City Nodes 
Labels (Node labels)
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Exercise: converting RDF to Property Graph

• Given a set of RDF triples

ex:restaurant_A     rdf:type     ex:Restaurant
ex:restaurant_A     ex:hasWebsite “http://restaurantA.org”
ex:restaurant_A     ex:hasSite     ex:Linköping
ex:restaurant_A     ex:startDate    “2012-02-01”

ex:restaurant_B     rdf:type     ex:Restaurant
ex:restaurant_B     ex:hasWebsite “http://restaurantB.org”
ex:restaurant_B     ex:hasSite     ex:Linköping
ex:restaurant_B     ex:startDate    “2013-02-01”

ex:Linköping      rdf:type      ex:City Labels (Edge labels)
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Exercise: converting RDF to Property Graph

• Given a set of RDF triples

ex:restaurant_A     rdf:type     ex:Restaurant
ex:restaurant_A     ex:hasWebsite “http://restaurantA.org”
ex:restaurant_A     ex:hasSite     ex:Linköping
ex:restaurant_A     ex:startDate    “2012-02-01”

ex:restaurant_B     rdf:type     ex:Restaurant
ex:restaurant_B     ex:hasWebsite “http://restaurantB.org”
ex:restaurant_B     ex:hasSite     ex:Linköping
ex:restaurant_B     ex:startDate    “2013-02-01”

ex:Linköping      rdf:type      ex:City Properties  



RDF

• RDF provides a (simple) way to represent data

• It is not yet useful, without ways to access such data or manipulate the data
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Outline

➢ SPARQL (SPARQL Protocol And RDF Query Language)

➢ Linked Data



SPARQL

• Recursive acronym for the SPARQL Protocol And RDF Query Language

• W3C recommendations

• Query, Update, Protocol, Query result serialization formats

• As a query language for RDF data

• Our focus today!

• As an update language for RDF data

• As a protocol layer for using SPARQL via http

• Communication between SPARQL processing services and clients



The basic idea of SPARQL queries

• SPARQL, as a query language, shares features with others, e.g., XQUERY and SQL

• Similar to general Tell-and-Ask system

• Get answers based on what we asked or told the system

• SPARQL variables (question words) bound to RDF terms (resource terms)

• e.g., ?university, ?year

• A lot of overleap between SQL and SPARQL

• e.g., SELECT, WHERE keywords

?university ?year

ex:Linköping_University 1975

ex:Stockholm_University 1878



The basic idea of SPARQL queries (Example)

• The syntax of SPARQL is based on Turtle serialization

• Basic Graph Pattern Matching

• Describe sub-graphs of the queried RDF graph

• Sub-graphs that match the description yield a result

• A graph pattern is an RDF triple in Turtle syntax by replacing subject/predicate/object 

with variables that you want to ask 

• A Basic Graph Pattern (BGP) is a set of Graph Patterns (Triple Patterns)

• BGP contains one or more Graph Patterns

?organization
p:location

dbpedia:Linköping

Graph Pattern Example



The basic idea of SPARQL queries (Example)

?organization
p:location

dbpedia:Linköping

?organization

ex:Linköping_University

Queried RDF Graph



The basic idea of SPARQL queries (Example)

ex:Linköping_University

?p

?o

Queried RDF Graph

?p ?o

p:location dbpedia:Linköping

p:location dbpedia:Norrköping

p:has_faculty ex-liu:Science_and_Engineering

p:start_year 1975



The basic idea of SPARQL queries (Example)

?s

?p

?o

Queried RDF Graph

?s ?p ?o

ex:Linköping_University p:location dbpedia:Linköping

ex:Linköping_University p:location dbpedia:Norrköping

ex:Linköping_University p:has_faculty ex-liu:Science_and_Engineering

ex:Linköping_University p:start_year 1975



Components of a SPARQL query

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:   <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

}

ORDER BY ?y



Components of a SPARQL query

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:   <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

}

ORDER BY ?y

• Prologue

• Prefix definitions by using compact URIs (CURIEs)



Components of a SPARQL query

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

}

ORDER BY ?y

• Result form specification:

• SELECT for projection (similar to projection in relational algebra)

• Other forms: DESCRIBE, CONSTRUCT, and ASK



Components of a SPARQL query

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

}

ORDER BY ?y

• Dataset specification:

• RDF dataset to be accessed (use URIs to identify particular RDF data)

• Not mandatory



Components of a SPARQL query

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

}

ORDER BY ?y

• Query Pattern

• WHERE clause specifies the pattern to be matched



Basic Graph Pattern

• Set of triple patterns (i.e., RDF triples with variables)

• Variable name prefixed with “?” (or “$”)

• Turtle syntax

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University ;

      p:start_year  ?y .

}

ORDER BY ?y



Basic Graph Pattern (Example)

SELECT ?u ?y ?f

WHERE {

  ?u  rdf:type  ex:University .
  ?u  p:start_year  ?y .

  ?u  p:has_faculty ?f .

}

ex:Linköping_University  rdf:type       ex:University .

ex:Linköping_University  p:has_faculty  ex-liu:Science_and_Engineering .
ex:Linköping_University  p:location     dbpedia:Linköping .

ex:Linköping_University  p:location     dbpedia:Norrköping .

ex:Linköping_University  p:name "Linköping University"@en .
ex:Linköping_University  p:start_year "1975"^^xsd:integer .



Basic Graph Pattern (Example)

SELECT ?u ?y ?f

WHERE {

  ?u  rdf:type  ex:University .
  ?u  p:start_year  ?y .
  ?u  p:has_faculty ?f .

}

ex:Linköping_University  rdf:type       ex:University .

ex:Linköping_University  p:has_faculty  ex-liu:Science_and_Engineering .
ex:Linköping_University  p:location     dbpedia:Linköping .

ex:Linköping_University  p:location     dbpedia:Norrköping .

ex:Linköping_University  p:name "Linköping University"@en .
ex:Linköping_University  p:start_year "1975"^^xsd:integer .



Basic Graph Pattern (Example)

SELECT ?u ?y ?f

WHERE {

  ?u  rdf:type  ex:University .
  ?u  p:start_year  ?y .
  ?u  p:has_faculty ?f .

}

ex:Linköping_University  rdf:type       ex:University .

ex:Linköping_University  p:has_faculty  ex-liu:Science_and_Engineering .
ex:Linköping_University  p:location     dbpedia:Linköping .

ex:Linköping_University  p:location     dbpedia:Norrköping .

ex:Linköping_University  p:name "Linköping University"@en .
ex:Linköping_University  p:start_year "1975"^^xsd:integer .



Basic Graph Pattern (Example)

SELECT ?u ?y ?f

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  ?u  p:has_faculty ?f .

}

?u ?y ?f

ex:Linköping_University 1975 ex-liu:Science_and_Engineering

ex:Linköping_University  rdf:type       ex:University .

ex:Linköping_University  p:has_faculty  ex-liu:Science_and_Engineering .

ex:Linköping_University  p:location     dbpedia:Linköping .

ex:Linköping_University  p:location     dbpedia:Norrköping .

ex:Linköping_University  p:name "Linköping University"@en .

ex:Linköping_University  p:start_year "1975"^^xsd:integer .



Basic Graph Pattern (Example)

• What if a university is not organized 

based on faculties (e.g., based on 

schools, departments instead)?

SELECT ?u ?y ?f

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  ?u  p:has_faculty ?f .

}

?u ?y ?f

ex:Linköping_University 1975 ex-liu:Science_and_Engineering

ex:Linköping_University  rdf:type       ex:University .

ex:Linköping_University  p:has_faculty  ex-liu:Science_and_Engineering .

ex:Linköping_University  p:location     dbpedia:Linköping .

ex:Linköping_University  p:location     dbpedia:Norrköping .

ex:Linköping_University  p:name "Linköping University"@en .

ex:Linköping_University  p:start_year "1975"^^xsd:integer .

ex:Karolinska_Institute  rdf:type  ex:University .

ex:Karolinska_Institute  p:has_department  ex-ki:Neuroscience .



Optional Graph Pattern

• Optional Keyword indicates optional patterns

• May result in unbound variables

SELECT ?u ?f

WHERE {

  ?u  rdf:type  ex:University .

  OPTIONAL { ?u  p:has_faculty ?f .}

}

?u ?f

ex:Linköping_University ex-liu:Science_and_Engineering

ex:Karolinska_Institute

• What if a university is not organized based on faculties (e.g., schools, departments)?



Optional Graph Pattern

SELECT ?u ?f

WHERE {

  ?u  rdf:type  ex:University .

  OPTIONAL { ?u  p:has_faculty ?f .}

  OPTIONAL { ?u  p:has_department ?f .}

}

?u ?y ?f

ex:Linköping_University 1975 ex-liu:Science_and_Engineering

ex:Karolinska_Institute 1810 ex-ki:NeuroScience



Constraints on Solutions

• Syntax: Keyword FILTER followed by filter expression

• Filter expressions contain operators and functions

• Operators and functions operate on RDF terms

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  FILTER ( ?y > 1970 )

}

ORDER BY ?y



Constraints on Solutions

• Solution sequence modifiers

• Only for SELECT queries

• Keywords: DISTINCT, ORDER BY, LIMIT, and OFFSET

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  FILTER ( ?y > 1970 )

}

ORDER BY ?y



Constraints on Solutions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  FILTER ( ?y > 1970 )

}

ORDER BY ?y

LIMIT 10



Unary Operators in Filter Constraints

Operator Type (A) Result Type

!A xsd:boolean xsd:boolean

+A numeric numeric

-A numeric numeric

BOUND(A) variable xsd:boolean

isURI(A) RDF term xsd:boolean

isBLANK(A) RDF term xsd:boolean

isLITERAL(A) RDF term xsd:boolean

STR(A) literal/URI simple literal

LANG(A) literal simple literal

DATATYPE(A) literal URI/xsd:String/rdf:lang
String



Constraints on Solutions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  FILTER ( !(?y > 1970) )

}



Binary and other Operators for Filter Constraints

• Logical connectives && and ||

• Comparison operations =, !=, <, >, <=, and >=

• For numeric datatypes, xsd:dateTime, xsd:string, xsd:boolean

• Comparison operators = and !=

• For other datatypes

• Furthermore:

• REGEX (String, Pattern) or REGEX(String, Pattern, Flags)

• …



Constraints on Solutions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University .

  ?u  p:start_year  ?y .

  FILTER ( ?y > 1970 && ?y < 2000 )

}



Constraints (Example)

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT ?u ?y

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University ;

      p:start_year  ?y ;

      p:name ?name .

  FILTER( REGEX(STR(?name), “technology”, “i”) ) 

}



SPARQL 1.1

• New features of SPARQL 1.1 Query

• Aggregate functions (e.g., COUNT, SUM, AVG, GROUP BY)

• Sub-queries

• Negation (EXISTS, NOT EXISTS)

• https://www.w3.org/TR/sparql11-query/

• SPARQL 1.1 Update

• Graph update (INSERT DATA, DELETE DATA, etc.)

• Graph Management (CREATE, DROP, etc.)

• If you want to try more on SPARQL

• DBpedia SPARQL endpoint: http://dbpedia.org/sparql

• DBpedia structure: http://dbpedia.org/resource/Linköping_University

https://dbpedia.org/sparql


Constraints (Example)

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX ex:  <http://example.org/tddd43#>

PREFIX p:  <http://dbpedia.org/property/>

SELECT COUNT(?u)

FROM <http://example.org/mydata>

WHERE {

  ?u  rdf:type  ex:University ;

      p:start_year  ?y ;

      p:name ?name .

  FILTER( REGEX(STR(?name), “technology”, “i”) ) 

}



Exercise

• Q1: Retrieve all games that are published by EA Sports

• Q2: Retrieve games that have specific directors

• Q3: What’s the result of the following query?

SELECT ?g ?d ?p WHERE {

  ?g rdf:type ex:Game .

  ?g ex:release_date ?d .

  OPTIONAL {

    ?g ex:director ?p .

  }

}



Advanced Data Models and Databases
RDF and Linked Data 

Outline

➢ Linked Data



Data on the Web

• The goal of linked data is to publish structured data on the WWW in a standardized, 

machine-readable manner

• From Syntactic Web to Semantic Web (Linked Data), 

• Use HTTP URIs to name everything

• Provide useful information to describe data based on standards (RDF, SPARQL)

• Have links to other URIs in the descriptive data

• Linked Open Data

• Publicly available (RDF) data on the Web



Data on the Web

Tom Heath and Christian Bizer (2011) Linked Data: Evolving the Web into a Global Data Space (1st edition).



Data on the Web

https://dbpedia.org/page/Linköping_University



Linked Data - Adoption

• Started as a grassroots community effort in 2007

• Publish existing, open license datasets as Linked Data

• Prominent publishers joined the effort

• BBC, NY Times, UK Government, etc.

• DBpedia, WikiData



Linked Data - Adoption

• Example: BBC ontology

• https://www.bbc.co.uk/ontologies/bbc-ontology/



DBpedia endpoint

• https://dbpedia.org/sparql



www.liu.se

http://www.liu.se/
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