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Agenda

1. Strategy

2. Basic Components

• Ontology

• RDF

• SPARQL
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Wishlist : F.A.I.R. and more

Schema Softness

• I want to be able to describe data but allow certain levels of freedom

• I don’t want to be limited by tables

Accessibility

• I want that all information is stored and queried in open formats and can be read 

also in 10+ years

Interoperability

• I want that information can be created, stored, exchanged, merged, read and 

queried by different systems, leading to the same information

• I want that information that means the same thing is the same thing

• I want make use of information that is already available

|      20.05.20213

Ontologies

RDF + SPARQL

Semantic Web
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Semantic Web – a vision in 2001

Semantic Web, a visionary concept proposed in 2001 by Sir Tim Berners-Lee, the 

inventor of the World Wide Web

“I have a dream for the Web [in which computers] become capable of 

analyzing all the data on the Web – the content, links, and 

transactions between people and computers. ..” 

4

Sir Tim Berners-Lee, fossbytes.com, 2016

Amazon illustrates Knowledge 

Graph in Neptune
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Semantic Web Layer Cake

1. Ontologies

2. RDF

3. SPARQL

|      20.05.20215
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Ontologies
e.g. OWL Ontology Web Language

A W3C Standard

“How to formally describe Meaning of Information”

https://www.w3.org/TR/owl2-overview/
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What is an Ontology?

24.03.20217

Ontology
Logic &
Graphs

SNOMED CT

Taxonomy
Hierarchical

trees

ICD10
Thesaurus

Synonyms

Vocabulary
Glossary
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What is an Ontology?

Descriptions + Rules how a thing is connected to another thing

Similar to a table definition but on graphs and

• Potentially describing a formal interpretation of a thing

• Not necessarily defining everything completely

For all the Relational Database people, the ontology can be compared to an ER (Entity Relationship) Model with some 

extensions.

Let’s show it by browsing the SPHN Ontology
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What we can learn from the Allergy definition

An Allergy 

• is connected to a patient using the hasSubjectPseudoIdentifier relation

• is connected to a hospital using the hasDataProviderInstitute relation

• is connected to a substance using the hasSubstance relation

• Substances defined in SPHN are the same as substances as described SNOMED CT

This ontology does not say anything about

• Serialization/Datatypes

• Cardinalities
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Especially for the Relational Database people

An Allergy 

• is connected to a patient using the hasSubjectPseudoIdentifier relation

• is connected to a hospital using the hasDataProviderInstitute relation

• is connected to a substance using the hasSubstance relation

• Substances defined in SPHN are the same as substances as described SNOMED CT

This ontology does not say anything about

• Serialization/Datatypes

• Cardinalities

|      20.05.202111

Allergy

Allergy1 : IRI

hasSubjectPseudoIdentifier : IRI

hasDataProviderInstitute : IRI

hasSubstance : IRI Peanuts (substance)

Peanuts : IRI

DataProviderInstitute

Hospital1: IRI

SubjectPseudoIdentifier

Anonymous1 : IRI
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Ontology vs Instance data

Ontology 

• describes how objects relates to each other

• formalizes the meaning 

• stored in RDF or OWL

• SPHN

• Provided by SPHN or adapted by projects

• Also called “SPHN RDF schema”

Instance data

• instantiates the objects from the ontology

• Modeled data according to the ontology

• SPHN

• Hospitals produce instance data

• Stored in RDF and transferred to project environment

|      20.05.202112

Spoiler: You will see in a few slides what the dashed lines mean…
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RDF
Resource Description Framework

A W3C Standard

“How to represent and exchange Information”
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https://www.w3.org/RDF/


A project of

Classical Tables to express information

Allergy1 is an instance of the Allergy

Allergy1 has substance Peanuts

Peanuts is an instance of the Peanuts substance

|      20.05.202114

Allergy has substance

Allergy1 Peanuts 

Peanuts (substance)

Peanuts
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But we can also use Graphs

|      20.05.202115

PeanutsAllergy1

has substance

Allergy has substance

Allergy1 Peanuts 

Peanuts (substance)

Peanuts
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RDF Elements <-> How to build a Graph
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IRIs <http://sib.swiss/allergies/Allergy1>

IRIs (Internationalized Resource 

Identifiers) are a more generic form of 

URIs. They identify things like keys, 

and not need to be resolvable.

Literals “Peanut”^^<http://www.w3.org/2001/XMLSchema#string>

Everything that is not a thing but a 

describing element. We use the XML 

Schema namespace for that.

Blank 

Nodes
_:alice

A key that is only valid inside the 

data. You can typically not query by a 

blank node itself.
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How do we combine them?

If you want to dig into the specification: https://www.w3.org/TR/rdf11-concepts/

|      20.05.202117

Subject Predicate Object

IRI or Blank Node IRI IRI, Blank Node or Literal

<http://sib.swiss/allergies/Aller

gy1>

<https://biomedit.ch/rdf/sphn-

ontology/sphn#hasSubstance>

<http://sib.swiss/substances/Pean

uts>

has substance
PeanutsAllergy1

https://www.w3.org/TR/rdf11-concepts/
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Is there a nicer way? 

Namespaces as Syntactic Sugar
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Just be aware not all serializations support it. Turtle (ttl) for example does.

Subject Predicate Object

[prefixed] IRI or Blank Node [prefixed] IRI [prefixed] IRI, Blank Node or

Literal

1 <http://sib.swiss/allergies/Allergy1> <https://biomedit.ch/rdf/sphn-

ontology/sphn#hasSubstance>

<http://sib.swiss/substances/Pe

anuts>

2 PREFIX  substances : <http://sib.swiss/substances/>

3 PREFIX  sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>

4 <http://sib.swiss/allergies/Allergy1> sphn:hasSubstance substances:Peanuts

≡

has substance
PeanutsAllergy1
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Start creating some data

We want to model the following information:

• A patient (“anonymous1”) that came to our fictive hospital (“hospital1”) 

• “anonymous1” has an allergy against peanuts

• Peanuts are a substance

• We want to declare that our peanut substance is an instance of SNOMED CT Code “762952008”

|      20.05.202119
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Have a look at the ontology first

The Allergy seems to be the central point

• connects to the Person via the hasSubjectPseudoIdentifier

• connects to the Hospital via the hasDataProviderInstitute

• connects to the Substance via the hasSubstance
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Create IRIs for the instances

|      20.05.202122

Name IRI

Patient anonymous1 http://sib.swiss/fictivePatients/anonymous1

Hospital hospital1 http://sib.swiss/hospital1

Allergy allergy1 http://sib.swiss/allergies/allergy1

Peanuts peanuts1 http://sib.swiss/substances/peanuts1

anonymous1

hospital1

allergy1

peanuts1
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What are we missing?
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A project of

Connecting elements! -> Predicates

|      20.05.202124

Name IRI

hasSubstance https://biomedit.ch/rdf/sphn-ontology/sphn#hasSubstance

hasSubjectPseudoIdentifier https://biomedit.ch/rdf/sphn-ontology/sphn#hasSubjectPseudoIdentifier

hasDataProviderInsitute https://biomedit.ch/rdf/sphn-ontology/sphn#hasDataProviderInstitute

hasSubstance

hasSubjectPseudoIdentifier

hasDataProviderInstitute
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We are still missing something…
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Semantic types:

Instantiating Things of the Ontology

|      20.05.202126

short form IRI

rdf:type http://www.w3.org/1999/02/22-rdf-syntax-ns#type

That’s the dashed lines you saw earlier!

rdf:type



A project of

Putting it all together

Subjects or Objects:

Predicates:

|      20.05.202127

Name IRI Type

anonymous1 http://sib.swiss/fictivePatients/anonymous1 sphn:SubjectPseudoIdentifier

hospital1 http://sib.swiss/hospital1 sphn:DataProviderInstitute

peanuts1 http://sib.swiss/allergies/allergy1 sphn:Allergy

peanuts1 http://sib.swiss/substances/peanuts1 snomed:762952008

Name IRI

hasSubstance sphn:hasSubstance

hasSubjectPseudoIdentifier sphn:hasSubjectPseudoIdentifier

hasDataProviderInstitute sphn:hasDataProviderInstitute

type rdf:type

sphn, snomed, rdf Prefixes are omitted on this page

anonymous1

hospital1

allergy1

peanuts1

SubjectPseudoIdentifier

DataProviderInstitute

Allergy

762952008

hasSubstance

hasSubjectPseudoIdentifier

hasDataProviderInstitute

rdf:type

rdf:type

rdf:type

rdf:type

rdf:type
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A valid Turtle file
@prefix allergies: <http://sib.swiss/allergies/> .

@prefix patients: <http://sib.swiss/fictivePatients/> .

@prefix substances: <http://sib.swiss/substances/> .

@prefix sib: <http://sib.swiss/> .

@prefix sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#> .

@prefix snomed: <http://snomed.info/id/> .

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

# types

patients:anonymous1 rdf:type sphn:SubjectPseudoIdentifier .

sib:hospital1 rdf:type sphn:DataProviderInstitute .

allergies:allergy1 rdf:type sphn:Allergy .

substances:peanuts1 rdf:type snomed:762952008 .

# relations to the allergy

allergies:allergy1 sphn:hasSubjectPseudoIdentifier patients:anonymous1 .

allergies:allergy1 sphn:hasDataProviderInstitute sib:hospital1 .

allergies:allergy1 sphn:hasSubstance substances:peanuts1 .

|      20.05.202128

anonymous1 hospital1

allergy1 peanuts1

SubjectPseudoIdentifier DataProviderInstitute

Allergy 762952008

rdf:type rdf:type

rdf:type

hasSubjectPseudoIdentifier

hasSubstance

rdf:type

hasDataProviderInstitute
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Loading into a DB
DBs for storing RDF are triplestores

24.03.202129
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Examples of Triplestores

30

+ some more
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Example with GraphDB Free (1/8)
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Example with GraphDB Free (2/8)

|      20.05.202132
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Example with GraphDB Free (3/8)

@prefix allergies: <http://sib.swiss/allergies/> .

@prefix patients: <http://sib.swiss/fictivePatients/> .

@prefix substances: <http://sib.swiss/substances/> .

@prefix sib: <http://sib.swiss/> .

@prefix sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#> .

@prefix snomed: <http://snomed.info/id/> .

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

# types

patients:anonymous1 rdf:type sphn:SubjectPseudoIdentifier .

sib:hospital1 rdf:type sphn:DataProviderInstitute .

allergies:allergy1 rdf:type sphn:Allergy .

substances:peanuts1 rdf:type snomed:762952008 .

# relations to the allergy

allergies:allergy1 sphn:hasSubjectPseudoIdentifier patients:anonymous1 .

allergies:allergy1 sphn:hasDataProviderInstitute sib:hospital1 .

allergies:allergy1 sphn:hasSubstance substances:peanuts1 .
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Example with GraphDB Free (4/8)
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Example with GraphDB Free (5/8)
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Example with GraphDB Free (6/8)
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Example with GraphDB Free (7/8)
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2 3
1
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Example with GraphDB Free (8/8)
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Some Information 

I loaded the ontology beforehand ;-) You should do that as well in your projects so you will be able to get all the 

information about types etc!

We have shown the easiest way for the demo to get data inside a nearly fresh GraphDB instance here. This is mainly 

for testing. There exist other options.

Have a look at the documentation of your database e.g. https://graphdb.ontotext.com/documentation/free/index.html

GraphDB Free is a Free of use for personal usage. It is not open-source. You can apply for a license using 

https://www.ontotext.com/products/graphdb/graphdb-free/

|      20.05.202139

https://graphdb.ontotext.com/documentation/free/index.html
https://www.ontotext.com/products/graphdb/graphdb-free/
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SPARQL
SPARQL Protocol and RDF Query Language

A W3C Standard

“How to query Information”

|      20.05.202140

https://www.w3.org/TR/sparql11-query/
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The SPARQL Syntax

41

prefix dc: <...> 
prefix uni: <...> 

SELECT ... 

FROM <...> 
FROM NAMED <...> 

WHERE { ... } 

ORDER BY ... 
HAVING ... 
GROUP BY ... 
LIMIT ... 
OFFSET ... 
BINDINGS ... 

Prefix declarations

Declare type of query: SELECT, ASK, DESCRIBE, CONSTRUCT

Define dataset

Graph pattern

Query modifiers
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Example Query Evaluation (1/5)

|      20.05.202142

PREFIX patients: <http://sib.swiss/fictivePatients/>
PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>
PREFIX sib: <http://sib.swiss/>

SELECT ?code
WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 .
?allergy   sphn:hasSubstance ?substance .
?substance rdf:type ?code .

}

allergies:allergy1

patients:anonymous1

sib:hospital1

substances:peanuts1
sphn:hasSubstance

sphn:hasSubjectPseudoIdentifier

sphn:hasDataProviderInsitute

snomed:762952008

rdf:type
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Example Query Evaluation (2/5)
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PREFIX patients: <http://sib.swiss/fictivePatients/>
PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>
PREFIX sib: <http://sib.swiss/>

SELECT ?code
WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 
?allergy   sphn:hasSubstance ?substance .
?substance rdf:type ?code .

}

allergies:allergy1

patients:anonymous1

sib:hospital1

substances:peanuts1
sphn:hasSubstance

sphn:hasSubjectPseudoIdentifier

sphn:hasDataProviderInsitute

snomed:762952008

rdf:type
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Example Query Evaluation (3/5)
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PREFIX patients: <http://sib.swiss/fictivePatients/>
PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>
PREFIX sib: <http://sib.swiss/>

SELECT ?code
WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 
?allergy   sphn:hasSubstance ?substance .
?substance rdf:type ?code .

}

allergies:allergy1

patients:anonymous1

sib:hospital1

substances:peanuts1
sphn:hasSubstance

sphn:hasSubjectPseudoIdentifier

sphn:hasDataProviderInsitute

snomed:762952008

rdf:type
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Example Query Evaluation (3/5)
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PREFIX patients: <http://sib.swiss/fictivePatients/>
PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>
PREFIX sib: <http://sib.swiss/>

SELECT ?code
WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 
?allergy   sphn:hasSubstance ?substance .
?substance rdf:type ?code .

}

allergies:allergy1

patients:anonymous1

sib:hospital1

substances:peanuts1
sphn:hasSubstance

sphn:hasSubjectPseudoIdentifier

sphn:hasDataProviderInsitute

snomed:762952008

rdf:type
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Example Query Evaluation (3/5)
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PREFIX patients: <http://sib.swiss/fictivePatients/>
PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>
PREFIX sib: <http://sib.swiss/>

SELECT ?code
WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 
?allergy   sphn:hasSubstance ?substance .
?substance rdf:type ?code .

}

allergies:allergy1

patients:anonymous1

sib:hospital1

substances:peanuts1
sphn:hasSubstance

sphn:hasSubjectPseudoIdentifier

sphn:hasDataProviderInsitute

snomed:762952008

rdf:type
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Let’s do it live (1/2)
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Let’s do it live (2/2)
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Test
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What do we need to change in the previous 

query to get the IRI of the Hospital?
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PREFIX patients: <http://sib.swiss/fictivePatients/>

PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>

PREFIX sib: <http://sib.swiss/>

SELECT ?code

WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 

?allergy   sphn:hasSubstance ?substance .

?substance rdf:type ?code .

}
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What do we need to change in the previous 

query to get the IRI of the Hospital?
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PREFIX patients: <http://sib.swiss/fictivePatients/>

PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>

PREFIX sib: <http://sib.swiss/>

SELECT ?code

WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 

?allergy   sphn:hasSubstance ?substance .

?substance rdf:type ?code .

}

Slide to edit live in the session

Possible relations:

rdf:type

sphn:hasSubjectPseudoIdentifier

sphn:hasDataProviderInstitute

sphn:hasSubstance
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This one
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PREFIX patients: <http://sib.swiss/fictivePatients/>

PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>

PREFIX sib: <http://sib.swiss/>

SELECT ?hospital

WHERE { 

?allergy   sphn:hasSubjectPseudoIdentifier patients:anonymous1 . 

?allergy sphn:hasDataProviderInstitute ?hospital .

}
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Let’s do something fancy:
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Give me all patients that have an allergy against something in family of 

Pulse vegetables

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

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

PREFIX skos: <http://www.w3.org/2004/02/skos/core#>

PREFIX snomed: <http://snomed.info/id/>

PREFIX sphn: <https://biomedit.ch/rdf/sphn-ontology/sphn#>

SELECT ?patients

WHERE {

?direct_descendants rdfs:subClassOf snomed:227313005 .

?substance rdf:type ?direct_descendants .

?allergy sphn:hasSubstance ?substance .            

?allergy sphn:hasSubjectPseudoIdentifier ?patients .
} 
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How do you download as flat 

data?
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For “short” queries
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For “long” queries
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Further Information 

W3C References

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

• RDF Primer : https://www.w3.org/TR/rdf11-primer/

• RDF Concepts & Abstract Syntax : https://www.w3.org/TR/rdf11-concepts/

Books

• Bob DuCharme : Learning SPARQL : Querying and Updating with SPARQL 1.1 : ISBN: 978-1449371432

> Getting your Hands dirty with SPARQL and RDF

• Andreas Blumenauer, Helmut Nagy (SWC) : The Knowledge Graph Cookbook : ISBN: 978-3-902796-70-7

> More modern and business focused

• Jeffrey T. Pollok : Semantic Web for Dummies : ISBN: 978-0-470-39679-7

> “old” but covers all necessary concepts needed, quite good beginner book

Internet Pages or Papers

• SPARQL 1.1. Cheat Sheet : http://www.iro.umontreal.ca/~lapalme/ift6281/sparql-1_1-cheat-sheet.pdf

• Knowledge Graphs : https://arxiv.org/pdf/2003.02320.pdf
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Thank you

We’d value feedback on your training experience:

https://www.sib.swiss/form/view.php?id=89324
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https://www.sib.swiss/form/view.php?id=89324

