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The Semantic Web
2

The Semantic Web provides standards to
• Identify entities (URIs)
• Express facts (RDF)
• Express concepts (RDFS)

• Describe constraints (OWL)

• Share vocabularies

• Query knowledge (SPARQL)

• Linked data



SPARQL (https://www.w3.org/TR/sparql11-query/)

• RDF query language 
+ access protocol 

• SPARQL Protocol for 
RDF
• Transmission of 

SPARQL queries and 
receiving the results

• SPARQL endpoint : 
implements SPARQL 
protocol
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https://www.w3.org/TR/sparql11-query/


SPARQL Endpoints
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• Service that can
• receive SPARQL queries sent by a machine
• receive SPARQL queries typed by a human in a Web 

interface
http://esw.w3.org/SparqlEndpoints

http://esw.w3.org/SparqlEndpoints


SPARQL Example 5

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX : <http://dbpedia.org/resource/>
PREFIX dbo: <http://dbpedia.org/property/>
SELECT ?name ?birth ?death ?person
WHERE {  ?person dbo:birthPlace :Nantes .      

?person dbo:birthDate ?birth .      
?person foaf:name ?name .     
?person dbo:deathDate ?death .    
FILTER (?birth < "1900-01-01"^^xsd:date) . } 

ORDER BY ?name

Example at http://dbpedia.org/sparql: 

http://www.w3.org/2001/XMLSchema
http://xmlns.com/foaf/0.1/
http://dbpedia.org/resource/
http://dbpedia.org/property/


SPARQL
PREFIX p: <http://lodpaddle.or/> 

SELECT ?mayor
WHERE {

p:Nantes p:hasMayor ?mayor
}
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Who is the mayor of Nantes?

Nantes

Pays de La 
Loire

locatedIn

283025
population

hasMayor

Johanna 
Rolland

Find me all the values 
for ?mayor such that 
the triple is true.

http://elvis.org/


SPARQL: Triple Pattern

PREFIX p: <http://lodpaddle.or/> 

SELECT ?mayor
WHERE {

p:Nantes p:hasMayor ?mayor
}

p:Nantes p:hasMayor ?mayor
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Who is the mayor of Nantes?

Nantes

Pays de La 
Loire

locatedIn

283025
population

hasMayor

Johanna 
Rolland

mayor 
-----------
p:Joanna Rolland

SPARQL is based on matching graph patterns

http://elvis.org/


SPARQL Matching
• A triple pattern is matched against the RDF 
dataset

• Each way a pattern can be matched yields a 
solution

• Matches the graph
• find a set of bindings such that the substitution of 

variables for values creates a triple that is in the set of 
triples making up the graph.
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Basic Graph Patterns: set of triple patterns
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PREFIX p: <http://lodpaddle.or/>
PREFIX rdf: <http://w3c.og/..  />

SELECT ?x ?mayor
WHERE {

?x   p:hasMayor ?mayor .
?x    rdf:type p:City

}
P:hasMayor

?mayor

x       |     mayor
----------------------
p:Nantes | p:Johanna Roland

?x

P:City

rdf:type

Nantes

City

rdf:type

283025
population

hasMayor
Johanna 
Rolland

Rennes208033
population

hasMayor

Nathalie
Appéré

http://lodpaddle.or/


RDF Data

@prefix p: <http://lodpaddle.or/> .
@prefix  rdf: <http://w3c.org/1999/02/22-rdf-syntax-ns#>.
@prefix xsd: <http://www.w3c.org/2001/XMLSchema# >.

p:Nantes p:poplulation “283025”^^xsd:integer ;
p:hasMoyer p:JohannaRolland ;
rdf:type p:City .

P:Rennes p:population “208022”^^xsd:integer;
p:hasMayor p:NatalieAppéré .
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Nantes

City

rdf:type

283025
population

hasMayorJohanna 
Rolland

Rennes208033
population

hasMayor

Nathalie
Appéré

http://lodpaddle.or/
http://w3c.org/1999/02/22-rdf-syntax-ns
http://www.w3c.org/2001/XMLSchema


Data Set:
@prefix p: <http://lodpaddle.org/> .
@prefix  rdf: http://w3c.org/1999/02/22-rdf-syntax-ns#>.
@prefix xsd: http://www.w3c.org/2001/XMLSchema# .

p:Nantes p:poplulation “283025”^^xsd:integer ;
p:hasMoyer p:JohannaRolland ;
rdf:type p:City .

P:Rennes p:population “208022”^^xsd:integer;
p:hasMayor p:NatalieAppéré .

Query:
PREFIX p: <http://lodpaddle.org/ >
PREFIX rdf: <http://w3c.org/1999/02/22-rdf-syntax-ns#> 

SELECT ?x ?mayor
WHERE {

?x   p:hasMayor ?mayor ;
rdf:type p:City
}
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x       |     mayor
----------------------
p:Nantes | p:Johanna Roland

http://lodpaddle.or/
http://w3c.org/1999/02/22-rdf-syntax-ns
http://www.w3c.org/2001/XMLSchema
http://lodpaddle.org/
http://w3c.org/1999/02/22-rdf-syntax-ns


SPARQL Filter
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PREFIX p: <http://lodpaddle.org/>
PREFIX rdf: <http://w3c.og/..  />

SELECT ?x 
WHERE {

?x   p:population ?nbpop .
Filter (?nbpop > 250000)

}

p:poulation
?nbpop

x            
----------------------
P:Nantes

?x

Nantes

City

rd
f:t
yp
e

283025
population

hasM
ayor

Johanna 
Rolland

Rennes
208033

population

hasMayor

Nathalie
Appéré

http://lodpaddle.or/


SPARQL Filter (2)
13

Retrieve titles starts with SPARQL .



Scope of Filters (3)
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A constraint, expressed by the keyword FILTER, is a restriction on 
solutions over the whole group in which the filter appears.



SPARQL OPTIONAL
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PREFIX p: <http://lodpaddle.org/>
PREFIX rdf: <http://w3c.og/..  />

SELECT ?x ?type
WHERE {

?x   p:population ?nbpop .
OPTIONAL {?x  rdf:type ?type }

}

x                          l   type       
--------------------------------------
p:Nantes l  p:City
p:Rennes l

Nantes

City

rd
f:t
yp
e

283025
population

hasM
ayor

Johanna 
Rolland

Rennes
208033

population

hasMayor

Nathalie
Appéré

p:poulation
?nbpop

?type

?x

rdf:type

http://lodpaddle.or/


SPARQL OPTIONAL

PREFIX foaf :http://xmlns.com/foaf/0.1/

SELECT ?nameX ?nameY ?nickY
WHERE {

?x     foaf:kowns ?y;
foaf:name ?nameX .

?y foaf:name ?nameY .
OPTIONAL {?y foaf:nick ?nickY }
}
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_:a

_:c

foaf:knows

Alice
foaf:name

foaf:knows

_:b

Bob

foaf:name

Claire

foaf:name CT

foaf:nick

Retrieve the name of  a person and the name of her friends and their 
nickname, if it exist..

http://xmlns.com/foaf/0.1/


SPARQL OPTIONAL

PREFIX foaf :http://xmlns.com/foaf/0.1/

SELECT ?nameX ?nameY ?nickY
WHERE {

?x     foaf:kowns ?y;
foaf:name ?nameX .

?y foaf:name ?nameY .
OPTIONAL {?y foaf:nick ?nickY }
}
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_:a

_:c

foaf:knows

Alice
foaf:name

foaf:knows

_:b

Bob

foaf:name

Claire

foaf:name CT

foaf:nick

Retrieve the name of a person and the name of her friends and their 
nickname, if it exist..

http://xmlns.com/foaf/0.1/


SPARQL Filter and Optional
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Negation
• Two styles of negation

• Filtering results : Not Exists
• Minus: removing solutions related to 
another pattern
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Filtering Using Graph Patterns Negation: 
not exists: absence of pattern
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Data:
@prefix : <http://example/> . 
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> . 

:alice rdf:type foaf:Person . 
:alice foaf:name "Alice" .
:bob rdf:type foaf:Person . 

Query:
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX foaf: <http://xmlns.com/foaf/0.1/> 

SELECT ?person
WHERE { 

?person rdf:type foaf:Person . 
FILTER NOT EXISTS { ?person foaf:name ?name } 

}



Filtering Using Graph Patterns exists: 
Presence of a Pattern
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Data:
@prefix : <http://example/> . 
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> . 

:alice rdf:type foaf:Person . 
:alice foaf:name "Alice" .
:bob rdf:type foaf:Person . 

Query:
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX foaf: <http://xmlns.com/foaf/0.1/> 

SELECT ?person
WHERE { 

?person rdf:type foaf:Person . 
FILTER  EXISTS { ?person foaf:name ?name } 

}



Negation with MINUS: removing possible 
solutions

• NOT EXISTS in FILTERs
• detect non-existence

• (P1 MINUS P2 ) as a new binary 
operator
• “Remove rows with matching bindings”

• only effective when  P1 and P2 share 
variables

22

Data:
@prefix : <http://example/> . 
@prefix foaf: <http://xmlns.com/foaf/0.1/> .

:alice foaf:givenName "Alice" ; 
foaf:familyName "Smith" . 

:bob foaf:givenName "Bob" ;
foaf:familyName "Jones" .

:carol foaf:givenName "Carol" ; 
foaf:familyName "Smith" .

Query:
PREFIX : http://example/
PREFIX foaf: <http://xmlns.com/foaf/0.1/> 

SELECT DISTINCT ?s 
WHERE { ?s ?p ?o . 
MINUS { 
?s foaf:givenName "Bob" .

}
}

http://example/


Alternative Graph Pattern
23



Summary of Graph Patterns
• Different types of graph patterns for the query 
pattern

• (WHERE clause):
• Basic graph pattern (BGP)
• Group graph pattern
• Optional graph pattern – keyword OPTIONAL
• Alternative graph pattern – keyword UNION
• Constraints – keyword FILTER

24



Solution Modifiers 

• Order by: put the solutions in order
• Distinct : removes duplicates from the result set
• Offset : control where the solutions start from in 
the overall sequence of solutions

• Limit : puts an upper bound on the number of 
solutions returned

25



Examples
Q1: PREFIX foaf: <http://xmlns.com/foaf/0.1/> 
SELECT ?name
WHERE { 

?x foaf:name ?name } 
ORDER BY ?name

Q2: PREFIX : <http://example.org/ns#>
PREFIX foaf: <http://xmlns.com/foaf/0.1/> 
PREFIX xsd: http://www.w3.org/2001/XMLSchema#
SELECT ?name
WHERE { ?x foaf:name ?name ;

:empId ?emp } 
ORDER BY DESC(?emp) 
Limit 5
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http://example.org/ns
http://www.w3.org/2001/XMLSchema


Examples
_:x foaf:name "Alice" .
_:x foaf:mbox <mailto:alice@example.com> . 
_:y foaf:name "Alice" .
_:y foaf:mbox <mailto:asmith@example.com> .
_:z foaf:name "Alice" . 
_:z foaf:mbox <mailto:alice.smith@example.com> .

Q1: PREFIX foaf: 
<http://xmlns.com/foaf/0.1/> 

SELECT ?name
WHERE 
{
?x foaf:name ?name }

Q2: PREFIX foaf: 
<http://xmlns.com/foaf/0.1/> 

SELECT DISTINCT ?name
WHERE
{
?x foaf:name ?name }

27



SPARQL Query forms

• Select
• Sequence of results (i.e. sets of variable bindings)
• Selected variables separated by space (not by comma!)

• Construct
• Returns an RDF graph created from a template
• Template: graph pattern with variables from the 
query pattern

• Describe
• Returns an RDF graph with data about resources
• Nondeterministic (i.e. query processor determines the actual structure 

of the returned RDF graph).
• Ask

• Check whether there is at least one answer

28
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Question : construct the foaf graph containing the name of 
employees

Construct



ASK
• Test whether or not a query pattern has a solution. 
• No information is returned about the possible query 

solutions, just whether or not a solution exists.

30

Does Alice has a mailbox ?



DESCRIBE
• The DESCRIBE form returns a single result RDF graph 

containing RDF data about resources
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RDF Data Sets
• A SPARQL query is executed against an RDF Dataset
• An RDF Dataset comprises 

• One  default graph
• and zero or more named graphs(identified by an IRI).

• Keyword GRAPH make one of the named graph the 
active graph used for patterns matching
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Using Select-From-Where 
#Default graph   (storedt at http://example.org/foaf/aliceFoaf)

@ PREFIX foaf : <http://xmlns.com/foaf/0.1/ >

_:a foaf:name ‘’Alice’’ .
_:a foaf:mbox mailto:alice@work.example

PREFIX foaf : <http://xmlns.com/foaf/0.1/> .
SELECT ?name 
FROM  <http://example.org/foaf/aliceFoaf>
WHERE {  ?x   foaf:name ?name  }
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http://xmlns.com/foaf/0.1/
mailto:alice@work.example
http://xmlns.com/foaf/0.1/


Named Graph

# Defaut graph (stored at http://example.org/dft.ttl)
@prefix dc: <http://pur.org/dc/elements/1.1>.

<http://example.org/bob>   dc:publisher “Bob Hacker”.
<http://example.oeg/alice> dc:publisher “Alice Hacker”.

# Named graph :http://example.org/bob
@prefix foaf : <http://xmlns.com/foaf/0.1/> .

_:a foaf:name ‘’Bob’’ .
_:a foaf:mbox <mailto:bob@work.example.org>

# Named graph :http://example.org/alice
@prefix foaf : <http://xmlns.com/foaf/0.1/> .

_:a foaf:name ‘’Alice’’ .
_:a foaf:mbox <mailto:alice@work.example.org>

34

http://pur.org/dc/elements/1.1
http://example.org/bob
http://example.oeg/alice
http://xmlns.com/foaf/0.1/
mailto:alice@work.example
http://xmlns.com/foaf/0.1/
mailto:alice@work.example


GRAPH FROM NAMED 

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>

SELECT ?who ?src ?mbox
FROM <http://example.org/dft.ttl>
FROM NAMED <http://example.org/alice>
FROM NAMED <http://example.org/bob>
WHERE
{

?g dc:publisher ?who .
GRAPH ?src { ?x foaf:mbox ?mbox }

}

35



# Defaut graph (stored at http://example.org/dft.ttl)

@prefix dc: <http://pur.org/dc/elements/1.1>.

<http://example.org/bob>   dc:publisher “Bob Hacker”.

<http://example.oeg/alice> dc:publisher “Alice Hacker”.

# Named graph :http://example.org/bob

@prefix foaf : <http://xmlns.com/foaf/0.1/> .

_:a foaf:name ‘’Bob’’ .

_:a foaf:mbox

<mailto:bob@work.example.org>

# Named graph :http://example.org/alice

@prefix foaf : <http://xmlns.com/foaf/0.1/> .

_:a foaf:name ‘’Alice’’ .

_:a foaf:mbox

<mailto:alice@work.example.org>
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SELECT ?who ?src ?mbox

FROM <http://example.org/dft.ttl>

FROM NAMED <http://example.org/alice>

FROM NAMED <http://example.org/bob>

WHERE

{

?src dc:publisher ?who .

GRAPH ?src { ?x foaf:mbox ?mbox }

}

http://pur.org/dc/elements/1.1
http://example.org/bob
http://example.oeg/alice
http://xmlns.com/foaf/0.1/
mailto:alice@work.example
http://xmlns.com/foaf/0.1/
mailto:alice@work.example


37DataSet:

Find email addresses, 
detailing the name of 
the person and the 
date the information 
was discovered.



38DataSet:



SPARQL 1.1 Federated Query

• Remote source
http://people.example.org

@prefix foaf: <http://xmlns.com/foaf/0.1/> . 
@prefix : <http://example.org/> .

:people15 foaf:name "Alice" .
:people16 foaf:name "Bob" .
:people17 foaf:name "Charles" .
:people18 foaf:name "Daisy" .

•Local data: 
http://example.org/myfoaf.rdf

<http://example.org/myfoaf/I> 
<http://xmlns.com/foaf/0.1/knows> 

<http://example.org/people15> .
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http://people.example.org
http://example.org/myfoaf.rdf


SPARQL 1.1 Federated Query
Remote source 
<http://people.example.org/sparql>

@prefix foaf: <http://xmlns.com/foaf/0.1/> . 
@prefix : <http://example.org/> .

:people15 foaf:name "Alice" .
:people16 foaf:name "Bob" .
:people17 foaf:name "Charles" .
:people18 foaf:name "Daisy" .

Local data: http://example.org/myfoaf.rdf

<http://example.org/myfoaf/I> 
<http://xmlns.com/foaf/0.1/knows> 

<http://example.org/people15> .
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PREFIX foaf:   
<http://xmlns.com/foaf/0.1/>
SELECT ?name
FROM <http://example.org/myfoaf.rdf>
WHERE
{
<http://example.org/myfoaf/I> 

foaf:knows ?person .
SERVICE

<http://people.example.org/sparql> { 
?person foaf:name ?name . } 

}

name
--------
Alice

http://people.example.org
http://example.org/myfoaf.rdf


Federated Query Processing
41

Source: https://www.semanticscholar.org/paper/FedX

https://www.semanticscholar.org/paper/FedX%3A-Optimization-Techniques-for-Federated-Query-Schwarte-Haase/642843a5541b338f4a067777386eeb4839adcaa4
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Summary
• SPARQL is a protocol and  query language for RDF data 

model..
• It designed for open, decentralized Web
• Select is suitable for querying known endpoint with known 

vocabularies
• Other Forms:

• Describe is suitable for known IRI and unknown vocabularies, the 
results is a RDF graph describing the requested resource

• Ask discover which SPARQL endpoint could answer the query
• Construct to build a graph as a result
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