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Query Languages 

− We have discussed data models and semantics 
for XML/RDF and OWL.  

− This week: query languages for the semantic 
metadata and Ontologies. 

− There have been several proposed languages for 
querying RDF data such as RQL, SeRQL, RDQL, 
etc.  

− SPARQL is a W3C Recommendation that contains: 
− A query language  
− a data access protocol to define simple HTTP and SOAP 

protocols for querying remote data repositories  
− XML, JSON, CSV, TSV formats in which query results will 

be returned   
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SPARQL Query Language 

−  SPARQL consists of the following components: 
−  Graph Patterns 

− Consist of combinations of triple patterns (one or more subject, 
predicate and objects, replaced by variables) 

− Variables are denoted as: ?<variable_name> 
−  Identify a subset of the RDF graph which need to be retrieved. 

−  RDF dataset 
− Several RDF data stores can hold multiple RDF graphs;  
− RDF queries could involve information from more than one graph.   

−  Solution modifiers 
− The query patterns generate an unordered collection of the results. 
− Solution modifiers are applied to create other sequences (order the 

results).  
−  Query form 

− Query form such as SELECT, CONSTRUCT, ASK  
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Querying RDF data 

−  RDF is a directed, labeled graph data format for 
representing information in the Web.  

−  Most forms of the query languages contain a set of triple 
patterns. 

−  Triple patterns are like RDF triples except that each of the 
subject, predicate and object may be a variable.  
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Graph Patterns 

− SPARQL queries can be used to formulate queries 
ranging from simple graph pattern matching to 
complex queries.  

− Graph Patterns are a subset of the main RDF 
graph.  

− A Graph Pattern is a set of triple patterns which 
are constructed by using variables instead of 
subjects, predicates or objects in an RDF graph.  
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Writing a Simple Query 

Data:  
 
<http://example.org/book/book1> <http://purl.org/dc/elements/1.1/title> "SPARQL Tutorial" .  

Query: 
 
SELECT ?title  
WHERE {  
<http://example.org/book/book1> <http://purl.org/dc/elements/1.1/title> ?title .  

}  

Query Result: 
 

title 

"SPARQL Tutorial" 
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Graph Patterns 

- The (subject, p, o) is a pattern for what we are looking for; 
- with p and o as “unknowns” 

 

Source: Ivan Herman, W3C, Tutorial on Semantic Web Technologies, Trento, Italy, on the 14th December, 2005 
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Graph Patterns 

− The fundamental idea: generalise the approach of 
graph patterns:  
−  the pattern contains unbound symbols  
− by binding the symbols (if possible), sub-graphs of the 

RDF graph are selected  
−  if there is such a selection, the query returns the bound 

resources  
− SPARQL  
−  is a programming language-independent query 

language; 

Source: Ivan Herman, W3C, Tutorial on Semantic Web Technologies, Trento, Italy, on the 14th December, 2005 
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Group Patterns 

SELECT ?p ?o WHERE {subject ?p ?o}  

 
•  The triplets in WHERE define the graph pattern, with ?p and ?o “unbound” symbols  
•  The query returns a list of matching p, o pairs  

Source: Ivan Herman, W3C, Tutorial on Semantic Web Technologies, Trento, Italy, on the 14th December, 2005 
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Group Graph Patterns 

− A group graph patter is a set of patterns in which 
all the patterns match using the same 
substitution.   

− Example: 

SELECT ?person, ?name,? friend   
WHERE {   
?person foaf:name ?name .   
?person foaf:knows ?friend .  
}   
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Group Graph Patterns –  
Multiple matches 
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SPARQL Example 

Returns:  
[["Total Members",100],["Total Members",200],…,["Full Members",10],…]  

Source: Ivan Herman, W3C, Tutorial on Semantic Web Technologies, Trento, Italy, on the 14th December, 2005 

SELECT ?cat ?val  
WHERE {  
?x rdf:value ?val.  
?x category ?cat.  
}  
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Basic Queries 

− The example provided in SPARQL. 
− Using select-from-where 
− SELECT specifies the number and order of retrieved data. 
− WHERE is used to navigate through the data model. 
− FILTER imposes constraints on possible solutions 
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Value Constraints 

− Graph matching creates binding of variables. 
−  It is possible to filter the results by constraining 

the allowable bindings of variables to RDF terms.  
− The restriction of results can be based on direct 

matching or,   
− Value constraints are defined in the form of 

boolean valued expressions.  
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Example: Value Constraints 

SELECT ?cat ?val  
WHERE {  

?x rdf:value ?val. ?x category  
?cat. FILTER(?val>=200).  

}  

Returns: [["Total Members",200],…,]  

Source: Ivan Herman, W3C, Tutorial on Semantic Web Technologies, Trento, Italy, on the 14th December, 2005 
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Example: Value Constraints 

Select ?name ?age 
WHERE { 

 
 ?student unis:hasAge ?age. 

 Filter (?age > 18). 

   ?student unis:hasName ?name. 
} 

 
 

− Exercise 1: Show an ontology graph for the above 
example and also show two instances. 
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Restricting the Values of Strings 

− SPARQL FILTER functions like regex can test RDF 
literals.  

− regex matches only plain literals with no 
language tag.  

− regex can be used to match the lexical forms of 
other literals by using the str function. 
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Restricting the Values of Strings 

SPARQL 1.1 Overview, W3C Recommendation 21 March 2013, http://www.w3.org/TR/sparql11-overview/ 
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Optional Graph Patterns 

−  In normal graph pattern queries entire query 
pattern much match the solution sub-graph/
triples.  

−  It is however useful to be able to have queries 
that allow variables to be added to the query 
matching solutions when the information is 
available; 
− But not to have the matching rejected if some parts of 

the query does not match. 
− Optional matching provide this form of queries.   
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Example: Optional Graph Patterns 

Select ?name ?age 
WHERE { 

 
 ?student hasName ?name.   

 OPTIONAL {?student hasAge ?age. 

  Filter (?age > 18)} 
} 
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Union Graph Patterns 

− The graph patterns can be combined in a SPARQL 
query.  

− A combination of patterns can contain several 
alternative graph patterns that may match to the 
query.  

− The keyword to create combination of alternative 
patterns in SPARQL is UNION. 
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Example: Union Graph Patterns 

SELECT ?name 
WHERE { 

 { ?student hasName ?name 
    ?student hasAge ?age  

    FILTER (?age > 25) } 

 UNION 
 { ?student hasName ?name 

    ?student hasCourse ?degree 
    FILTER regex (?degree, “^undegraduate”) 

 } 
} 

What is wrong in this code?  
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Example: Union Graph Patterns 

SELECT ?name 
WHERE { 

 { ?student name ?name. 
    ?student age ?age . 

    FILTER (?age > 25) } 

 UNION 
 { ?student name ?name . 

    ?student course ?degree . 
    FILTER regex (?degree, “^undegraduate”) 

 } 
} 

Correct form 
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Different query results formats  
supported by SPARQL 1.1  
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Different query results formats  
supported by SPARQL 1.1  
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Different query results formats  
supported by SPARQL 1.1  
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JavaScript Object Notation (JSON) 

−  JSON is a lightweight format for data 
interchange.  

−  JSON is designed to be easy for humans to read 
and write and also  easy for machines to parse 
and generate. 

−  JSON is built on two structures: 
− A collection of name/value pairs.  
− In different languages, this concept is defined as an object, 

record, struct, associative array, etc. 
− An ordered list of values.  
− In different languages, this is defined as an array, vector, 

list, etc. 
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JSON Syntax 

−  JSON data is written as pairs of name/value. 
− A name/value pair includes a name field (written 

in double quotes), then a colon, and then 
followed by a value (written in double quotes); 

“<name>” : “<value>” 
 
-  For example:  
 
{“moduleName” : “Mobile Apps”, “moduleCode“ , 
“EEEM042”} 

28 
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JSON Values 

−  JSON values can be: 
− A number (integer or floating point) 
− A string (in double quotes) 
− A Boolean (true or false) 
− An array (in square brackets) 
− An object (in curly braces) 
− Null 

−  JSON arrays are written inside square brackets. 

29 
Source: http://www.w3schools.com/json/json_syntax.asp 

JSON Example 
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XML 

JSON 

Source: http://www.w3schools.com/json/ 
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Logic and Inference 

−  Logic is the discipline that studies the principles of 
reasoning 

−  Formal languages for expressing knowledge 
−  Well-understood formal semantics 
−  Declarative knowledge: we describe what holds without caring 

about how it can be deduced 
−  Automated reasoners can deduce (infer) conclusions from 

the given knowledge  

Source: A Semantic Web Primer, Grigoris Antoniou and Frank van Harmelen, MIT Press 
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An Inference Example 

 prof(X) → faculty(X)   
 faculty(X) → staff(X) 
 prof(michael) 

We can deduce the following conclusions: 
 faculty(michael) 
 staff(michael) 
 prof(X) → staff(X) 

Source: A Semantic Web Primer, Grigoris Antoniou and Frank van Harmelen, MIT Press 
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Querying RDF in JAVA 

− Using Jena API: 
−  http://jena.apache.org/documentation/query/app_api.html 

− The package com.hp.hpl.jena.query is the main 
application package. 
− Query - a class that represents the application query. It 

is a container for all the details of the query. Objects of 
class Query are normally created by calling one of the 
methods of QueryFactory methods which provide 
access to the various parsers.  

− QueryExecution - represents one execution of a query.  
− QueryExecutionFactory - a place to get 
QueryExecution instances  

− DatasetFactory - a place to make datasets, including 
making a DataSource (an updatable Dataset)  
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Jena API 

− For SELECT queries: 
− QuerySolution - A single solution to the query  
− ResultSet - All the QuerySolutions. An iterator.  
− ResultSetFormatter - turn a ResultSet into various 

forms; into text, into an RDF graph (Model, in Jena 
terminology) or as plain XML  
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Jena API 

Model model = ModelFactory.createDefaultModel();  
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Exercise 2 

− Dataset: DBPedia 
− DBPedia is an RDF version of information from 

Wikipedia.  
− DBPedia contains data derived from Wikipedia's 

infoboxes, category hierarchy, article abstracts, and 
various external links.  

− The DBpedia Ontology currently contains about 
2,350,000 instances. The table below lists the number 
of instances for several classes within the ontology: 

− Class Instances  
− Resource (overall) 2,350,000  
− Place 573,000  
− Person 764,000  
− Work 333,000  
− Species 202,000  
− Organisation 192,000  
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Exercise 2 

−  Find me 50 example concepts in the DBPedia dataset. 
 
SELECT DISTINCT ?concept  
WHERE {  
 ?subject a ?concept .  

}  
LIMIT 50  
 
−  LIMIT limits the number of rows returned from a query.  
−  ORDER BY for to order the results by one or more variables  
−  OFFSET, used in conjunction with LIMIT and ORDER BY  

−  takes a part of a sorted solution set (e.g. for paging)  
−  The SPARQL keyword a is a shortcut for the common 

predicate rdf:type, giving the class of a resource.  
−  The DISTINCT modifier eliminates duplicate rows within the 

results.  
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Exercise 2 

− You can try dbpedia SPARQL queries at: 
− http://dbpedia.org/sparql 

− For string matching you can use : 
− ?label <bif:contains> 'Guildford'.  
Instead of: 
− FILTER regex(str(?label), "^Guildford") 
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Exercise 2 

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

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>  

SELECT ?entity  ?label  

WHERE {  

     ?entity rdf:type <http://dbpedia.org/ontology/Place>.  

     ?entity rdfs:label ?label.  

} 
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Exercise 2 

1.  Write a query to limit the results of the sample 
query to 10 instances? 

2.  Write a query to order the results by Label? 
3.  Write a query to select concepts that include 
“Guildford” in their labels? 

4.  Write a query to select latitude and longitude 
values for “Guildford” from dbpedia? 
- for this you need to visit the resource for “Guildford” on 

dbpedia.  
- Use this prefix for geo location:  

 PREFIX geo: <http://www.w3.org/2003/01/geo/wgs84_pos#> 
- The concept for Guildford on dbpedia: 

 <http://dbpedia.org/resource/Guildford> 
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Questions? 


