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• SPARQL 1.1 Query: 

• Assignments (e.g. BIND, SELECT expressions)  
• Aggregate functions (e.g. COUNT, SUM, AVG)  
• Subqueries 
• Negation (EXISTS, NOT EXISTS, MINUS)  
• Property paths 
• Basic query federation (SERVICE, BINDINGS) 

• SPARQL 1.1 Update: 
• Graph update (INSERT DATA, DELETE DATA, INSERT, 

DELETE, DELETE WHERE, LOAD, CLEAR) 
• Graph management (CREATE, DROP, COPY, MOVE, ADD) 

• SPARQL 1.1 Entailment for RDF, RDFS, OWL, RIF 
• SPARQL 1.1 Service Descriptions 

SPARQL 1.1 - New Features
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• Example: Select all authors with their notable works and year of publication 
!

!

!

!

!

!

!

!

!

!

SPARQL 1.1 - Variable Assignments

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
PREFIX dbpprop: <http://dbpedia.org/property/>!
!
SELECT ?author ?work ?date !
FROM <http://dbpedia.org/> !
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
       ?work dbpprop:releaseDate ?date !
} ORDER BY ?date!
  LIMIT 100

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/2000/01/rdf-schema#
http://dbpedia.org/ontology/
http://dbpedia.org/property/
http://dbpedia.org/
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• Example: Select all authors with their notable works and year of publication 
!

!

!

!

!

!

!

!

!

!

SPARQL 1.1 - Variable Assignments

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
PREFIX dbpprop: <http://dbpedia.org/property/>!
PREFIX xsd:    <http://www.w3.org/2001/XMLSchema#>!
!
SELECT ?author ?work xsd:integer(?date) AS ?year!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
       ?work dbpprop:releaseDate ?date . !
} ORDER BY ?year!
  LIMIT 100

new variable 
assignment

• SPARQL 1.1 allows the creation of new values in a query 

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/2000/01/rdf-schema#
http://dbpedia.org/ontology/
http://dbpedia.org/property/
http://www.w3.org/2001/XMLSchema#
http://dbpedia.org/
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• Example: Select all authors with their notable works and year of publication 
!

!

!

!

!

!

!

!

!

!

SPARQL 1.1 - Variable Assignments

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
PREFIX dbpprop: <http://dbpedia.org/property/>!
PREFIX xsd:    <http://www.w3.org/2001/XMLSchema#>!
!
SELECT ?author ?work (REPLACE(str(?date),"[^0-9]", "")) AS ?year!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
       ?work dbpprop:releaseDate ?date !
       FILTER REGEX (?date, "[0-9]{4}") .!
} ORDER BY ?year!
  LIMIT 100

• SPARQL 1.1 allows the creation of new values in a query 

new variable 
assignment

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/2000/01/rdf-schema#
http://dbpedia.org/ontology/
http://dbpedia.org/property/
http://www.w3.org/2001/XMLSchema#
http://dbpedia.org/


Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam



Knowledge Engineering with Semantic Web Technologies , Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam

11 • Example: How many authors are there in DBpedia? 
!

!

!

!

!

!

!

!

!

!

• SPARQL 1.1 allows the use of aggregate functions in queries 

SPARQL 1.1 - Aggregate Functions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT (COUNT(?author)) AS ?num!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
}  

aggregate 
function

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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12 • Example: How many distinct authors are there in DBpedia who 
have entries for notable works? 
!

!

!

!

!

!

!

!

!

!

• SPARQL 1.1 allows the use of aggregate functions in queries 

SPARQL 1.1 - Aggregate Functions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT (COUNT(DISTINCT ?author)) AS ?num!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
}  

aggregate 
function

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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13 • Example: Which author wrote how many notable works? 
!

!

!

!

!

!

!

SPARQL 1.1 - Aggregate Functions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?author (COUNT(?work)) AS ?num_works!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
} GROUP BY ?author !
ORDER BY DESC (?num_works) 

aggregate 
function

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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15 • Example: Which author wrote 3 notable works (acording to DBpedia)? 
!

!

!

!

!

!

!

SPARQL 1.1 - Aggregate Functions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?author (COUNT(?work)) AS ?num_works!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
} GROUP BY ?author !
HAVING COUNT(?work) = 3!
ORDER BY DESC (?num_works) 

aggregate 
function

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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17 • SPARQL 1.1 provides more aggregate functions 
• SUM!

• AVG!

• MIN!

• MAX!

• SAMPLE -- „pick“ one non-deterministically 
• GROUP_CONCAT -- concatenate values with a designated 

string separator 

SPARQL 1.1 - Aggregate Functions
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18 • Example: Compare an arbitrary title and non-english titles of notable 
Works by authors 
!

!

!

!

!

!

!

SPARQL 1.1 - Aggregate Functions

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT (SAMPLE(?title) AS ?name)!
       (GROUP_CONCAT(?alt_titles; SEPARATOR=", ") AS ?alt_names)!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:notableWork ?work .!
       ?work rdfs:label ?title .!
       ?work rdfs:label ?alt_titles!
       FILTER (LANG(?alt_titles)!="en") .!
} GROUP BY ?author !

aggregate 
function

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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• Example: Select all authors, who they are influenced by and all the 

influencers notable works 
!
!
!
!
!
!
!
!
!
!

• Subqueries are a way to embed SPARQL queries within other queries 
• result is achieved by first evaluating the inner query 

SPARQL 1.1 - Subqueries

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?author ?influencer ?work!
FROM <http://dbpedia.org/>!
WHERE {!
{ SELECT ?author ?influencer!
  FROM <http://dbpedia.org/>!
  WHERE {!
       ?author rdf:type dbpedia-owl:Writer .!
       ?author dbpedia-owl:influencedBy ?influencer .!
  } LIMIT 10!
}!
 ?influencer dbpedia-owl:notableWork ?work .!
}

subquery

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
http://dbpedia.org/
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• Example: Select all authors, who don‘t have a notable work entry in 

DBpedia 
!
!
!
!
!
!
!
!
!

• Filtering of query solutions is done within a FILTER expression using 
NOT EXISTS and EXISTS.

SPARQL 1.1 - Negation

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?author!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer!
       FILTER NOT EXISTS {?author dbpedia-owl:notableWork ?work .}!
}

filter query 
result for 
existency

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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• Example: Select all authors, who don‘t have a notable work entry in 

DBpedia 
!
!
!
!
!
!
!
!
!

• Filtering of query solutions is done within a FILTER expression using 
NOT EXISTS and EXISTS.

SPARQL 1.1 - Negation

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?author!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer!
       FILTER NOT EXISTS {?author dbpedia-owl:notableWork ?work .}!
}

filter query 
result for 
existency

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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• Example: Select all authors, who don‘t have a notable work entry in 

DBpedia 
!
!
!
!
!
!
!
!
!

• Filtering of query solutions be removing possible solutions with 
MINUS. 

SPARQL 1.1 - Negation

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?author!
FROM <http://dbpedia.org/>!
WHERE {!
       ?author rdf:type dbpedia-owl:Writer!
       MINUS {?author dbpedia-owl:notableWork ?work .}!
}

remove from 
query result

http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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24 • A property path is a possible route through an RDF graph 
between two graph nodes. 
• trivial case: property path of length 1, i.e. a triple pattern 
• alternatives: match one or both possibilities 
!

!

• sequence: property path of length >1 
!

!

• inverse property paths: reversing the direction of the triple 
!

!

!

SPARQL 1.1 - Property Paths

{ :book1 dc:title|rdfs:label ?displayString }

{ ?x foaf:mbox <mailto:alice@example> .!
  ?x foaf:knows/foaf:knows/foaf:name ?name . }

  { ?x foaf:mbox <mailto:alice@example> }!
                    !

                                       =!!
  { <mailto:alice@example> ^foaf:mbox ?x }!

mailto:alice@example
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!

• inverse path sequences paths 
!

!

!

!

 { ?x foaf:knows/^foaf:knows ?y .  !
      FILTER(?x != ?y) }

X

Y2

foaf:knows

Y3
Y1

foaf:knows

foaf:knows

foaf:knows

SPARQL 1.1 - Property Paths
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!

!

• arbitrary length match 
!

!
  { ?x foaf:mbox <mailto:alice@example> .!
    ?x foaf:knows+/foaf:name ?name . }!

alice Y1

Y2

foaf:knows

name1

foaf:name foaf:knows

name2
foaf:name

Y3

foaf:knows

name3

foaf:name

SPARQL 1.1 - Property Paths
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!

!

• arbitrary length match 
!

!
  { ?x foaf:mbox <mailto:alice@example> .!
    ?x foaf:knows+/foaf:name ?name . }!

alice Y1

Y2

foaf:knows

name1

foaf:name foaf:knows

name2
foaf:name

Y3

foaf:knows

name3

foaf:name

SPARQL 1.1 - Property Paths
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SPARQL 1.1 - Property Paths

!

• inverse path sequences paths 
!

!

• arbitrary length match 
!

!

• negated property paths 
!

!

!

!

!

 { ?x foaf:knows/^foaf:knows ?y .  !
      FILTER(?x != ?y) }

  { ?x foaf:mbox <mailto:alice@example> .!
    ?x foaf:knows+/foaf:name ?name . }!

  { ?x !(rdf:type|^rdf:type) ?y }
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• Example: Who are the authors who were influenced by the influencers 

of George Orwell? 
!
!
!
!
!
!
!
!
!

!

SPARQL 1.1 - Property Paths

PREFIX : <http://dbpedia.org/resource/>!
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>!
PREFIX dbpedia-owl: <http://dbpedia.org/ontology/>!
!
SELECT ?influencedByInfluencers!
FROM <http://dbpedia.org/>!
WHERE {!
       :George_Orwell !
       dbpedia-owl:influencedBy/^dbpedia-owl:influencedBy !
       ?influencedByInfluencers .!
} 

path 
expression

http://dbpedia.org/resource/
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://dbpedia.org/ontology/
http://dbpedia.org/
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30 RDF in RDBMS 
• RDF Graph can be represented by a set of Triples (s,p,o) 
• Triples can simply be stored in a relational database system 

• Idea: Use a specific relational schema for RDF data and benefit 
from 40 years of research in the DB community 

• 3 steps for SPARQL query processing: 
(1) Convert SPARQL query to SQL query (w.r.t. the schema) 
(2) Use RDBMS to answer SQL query 
(3) Generate SPARQL query result from SQL query result 
!

!

How to store RDF Data?

05 How to store RDF(S) Data? - SPARQL 1.1 (5) 

Open HPI Course: Knowledge Engineering with Semantic Web Technologies  

Lecture 03: Semantic Web Technologies Pt.2


