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Technical requirements

Text Editor with YAML support (e.g., Sublime Text)

Google Colab / Jupyter Notebook

https://w3id.org/kg-construct/tutorials/ecai2024 

https://w3id.org/kg-construct/tutorials/ecai2024


Agenda

● RDF Knowledge Graphs and the Semantic Web

● RML: The RDF Mapping Language

● Coffee Break

● Hands-on session on KG Construction:
○ Mapping Data with YARRRML
○ Transforming Heterogeneous Data to RDF

● Resources for KG Construction
○ Ontology development, mapping supporters, KGC engines, benchmarks



Knowledge 
Graphs

14:00 - 14:30

Knowledge Graph definition

Semantic Web technologies

KG Construction

History of mapping languages



My LinkedIn these days…



Who has a KG?



What is a Knowledge Graph?

Extracted from Mariano Rodriguez Muro from KGB2019 Keynote ESWC2019



What is a Knowledge Graph?

“we define a knowledge graph as a graph of data intended to 
accumulate and convey knowledge of the real world, whose nodes 

represent entities of interest and whose edges represent 
potentially different relations between these entities”

Hogan, A., Blomqvist, E., Cochez, M., d’Amato, C., Melo, G. D., Gutierrez, C., ... & Zimmermann, A. (2021). Knowledge graphs. 
ACM Computing Surveys (Csur), 54(4), 1-37.



What is a Knowledge Graph? 

Hogan, A., Blomqvist, E., Cochez, M., d’Amato, C., Melo, G. D., Gutierrez, C., ... & Zimmermann, A. (2021). Knowledge graphs. 
ACM Computing Surveys (Csur), 54(4), 1-37.

Knowledge: something that is known and can be written down.

Knowledge may be composed of simple or quantified statements

For quantified statements, a more expressive way to represent 
knowledge —such as ontologies or rules— is required



TBox & ABox
Tbox - Ontology ABox - Data Graph

Aircraft

Airline AircraftModel

hasID : string
hasCreationDate : dateTime
hasModificationDate : dateTime
hasStatus : boolean
hasTailNumber : string

hasOwningAirline

owns
hasAircraftModel

IB_X123 is a Aircraft
IB_X123 hasID “IBX123”

IB_X123 hasCreationDate 28/12/2021
…
…

IB_X123 hasAircraftModel X123
X123 is a AircraftModel
Iberia owns IB_X123
Iberia is a Airline

ABox statements must be TBox-compliant: 
they are assertions that use the vocabulary defined by the TBox.



The Semantic Web stack

Ontologies → OWL

Data → RDF

Queries → SPARQL

Validation -> SHACL

Construction → [R2]RML



Semantic Web: RDF, OWL, etc.

▪ Use URIs as names for things 
▪ Use HTTP URIs so that people can look 

up those names. 
▪ When someone looks up a URI, provide 

useful information using standards 
(RDF*, SPARQL) 

▪ Include links to other URIs, so that 
they can discover more things. 

http://www.w3.org/DesignIssues/LinkedData.html 

https://youtu.be/OM6XIICm_qo 

http://www.w3.org/DesignIssues/LinkedData.html
https://youtu.be/OM6XIICm_qo


RDF triple is composed by (Subject Predicate Object), where:

http://example.org/IB_X123 http://example.org/hasID “IBX123”

Semantic Web: RDF

RDF graph is a set of RDF triples. 

An RDF graph can be identified by an URI (RDF Quads)

A set of RDF graphs is an RDF Dataset

Literals may have an XSD datatype associated

URI 
Blank Node

URI 
Blank Node 
Literal

URI

S P O

http://example.org/IB_X123
http://example.org/hasID


Semantic Web: RDF
IB_X123 is a Aircraft
IB_X123 hasID “IBX123”

IB_X123 hasCreationDate 28/12/2021
IB_X123 hasAircraftModel X123

X123 is a AircraftModel
Iberia owns IB_X123
Iberia is a Airline

@prefix ex: <http://example-ecai.org/resource/>
@prefix onto: <http://example-ecai.org/ontology/>
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
@prefix xsd: <http://www.w3.org/2001/XMLSchema#>

ex:IB_X123 rdf:type onto:Aircraft
ex:IB_X123 onto:hasID “IBX123”^^xsd:string
ex:IB_X123 onto:hasCreationDate “2021-12-28”^^xsd:date
ex:IB_X123 onto:hasAircraftModel ex:X123
ex:X123 rdf:type onto:AircraftModel
ex:Iberia onto:owns ex:IB_X123
ex:Iberia rdf:type onto:Airline

http://example-ecai.org/resource/
http://example-ecai.org/resource/
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/2001/XMLSchema#


onto:owns

onto:hasModel
onto:hasAirline

onto:owns

Semantic Web: Ontologies - OWL
OWL / RDFS

Vocabulary

Data

owl:Classowl:ObjectProperty owl:DataProperty

onto:Aircraft

onto:Airline
onto:hasID : string
onto:hasCreationDate : dateTime
onto:hasModificationDate : dateTime
onto:hasStatus : boolean
onto:hasTailNumber : string onto:TransportType

rdf:subClassOf

onto:AircraftModel

rdf:typerdf:type
rdf:type

ex:Iberia ex:IB_X123 ex:X123

rdf:type rdf:type rdf:type
rdfs:range

rdfs:domain

onto:hasAirline
onto:hasModel



Semantic Web: SPARQL & SHACL

Queries

Validation



Semantic Web: Construction with R2RML



Knowledge Graph Construction: Script based
SPARQL
QueriesOntology (O)

¡Sources 
(S)

Ad-hoc scripting code

Efficient Scalable Maintainable Robust Reproducible



Knowledge Graph Construction: Materialization

Declarative Knowledge Graph 
Construction Engine

Ontology (O)

Declarative
Mapping
 Rules (M)¡Sources 

(S)

Knowledge Graph Construction = Data Integration System (DIS) = <S, M, O>

Poggi, A., Lembo, D., Calvanese, D., De Giacomo, G., Lenzerini, M., & Rosati, R. (2008). Linking data to ontologies. In Journal on data semantics X
Lenzerini, M. Data integration: A theoretical perspective. In Proceedings of the 21st ACM SIGMOD-SIGACT-SIGART symposium on Principles of database systems



Knowledge Graph Construction: Virtualization

Declarative Knowledge Graph 
Construction Engine

SPARQL
Queries

Ontology (O)

Declarative
Mapping
 Rules (M)¡Sources 

(S)

Knowledge Graph Construction = Data Integration System (DIS) = <S, M, O>

Poggi, A., Lembo, D., Calvanese, D., De Giacomo, G., Lenzerini, M., & Rosati, R. (2008). Linking data to ontologies. In Journal on data semantics X
Lenzerini, M. Data integration: A theoretical perspective. In Proceedings of the 21st ACM SIGMOD-SIGACT-SIGART symposium on Principles of database systems



Mapping Languages 
for KG Construction

14:30 - 15:30

Mapping languages and 
evolution

RML: The RDF Mapping 
Language



Who is using RML

● Orange
● EU Comission
● Bosch
● Google
● BASF
●



Mapping rules 

Declarative Knowledge Graph 
Construction Engine

SPARQL
QueriesOntology

Declarative
Mapping

 Rules ¡
Sources 



Mapping languages

● Allow specifying transformation rules from heterogeneous 
data sources into RDF graphs

○ Data source and access description
○ Triple generation:

■ Subject, Predicate, Object
■ Language tags and datatypes

○ Additional:
■ Join conditions
■ Data transformation functions

● Many different languages proposed throughout the years
○ Different features
○ Variety of implementations



The history so far

...

2012

RML xR2RML

KR2RML
R2RML-F

FunUL

RML+FnO

RML-star

W3C Recommendation
R2RML

RML Fields

RML Target

2023

RML

2015 2020

Knowledge Graph 
Construction

W3C Community Group

XLWrap

D2RQ

R2O

SPARQL-Generate

ShExML

SPARQL-Anything

CSVW

TARQL

D-REPR



Mapping example
–

RML



Data sources

<#PersonTM>

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph
Group of 

transformation rules



Data sources

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2



Data sources

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template "Person/{ID}"; 
  rml:class ex:Person ]; 

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>
ex:Person



Data sources

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template "Person/{ID}"; 
  rml:class ex:Person ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference “Name”] ];

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

Emily Jonah

ex:nameex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>
ex:Person



Data sources

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template "Person/{ID}"; 
  rml:class ex:Person ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference “Name”] ];
rml:predicateObjectMap [ 
  rml:predicate ex:age; 
  rml:objectMap [ 
    rml:reference “Age”] ;
...

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

Emily Jonah
23 22

ex:name ex:ageex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>
ex:Person

ex:age



Data sources

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template "Person/{ID}"; 
  rml:class ex:Person ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference ”Name”] ];
rml:predicateObjectMap [ 
  rml:predicate ex:birthdate; 
  rml:objectMap [ 
    rml:reference “Birthdate”]
...

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

<Sport/2>
ex:Sport

<Sport/1>
ex:Sport

Emily Jonah

Ice Skating

Rugby

ex:name

ex:name

ex:name

ex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<#SportTM>
rml:logicalSource [ 
  rml:source “sports.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template “Sport/{ID}”; 
  rml:class ex:Sport ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference “Sport”] ] .

<Person/1>
ex:Person

23 22

ex:ageex:age



Data sources

<#PersonTM>
...
rml:predicateObjectMap [ 
 rml:predicate ex:plays; 
 rml:objectMap [ 
  rml:parentTriplesMap 
         <#SportTM>;   
  rml:joinCondition [ 
   rml:child “SportID"; 
   rml:parent “ID";
 ]; ]; ].

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

<Sport/2>
ex:Sport

<Sport/1>
ex:Sport

Emily Jonah

Ice Skating

Rugby

ex:name

ex:plays

ex:name

ex:name

ex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>
ex:Person

<#SportTM>
rml:logicalSource [ 
  rml:source “sports.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template “Sport/{ID}”; 
  rml:class ex:Sport ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference “Sport”] ] .

23 22

ex:ageex:age



Data sources

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

<Sport/2>
ex:Sport

<Sport/1>
ex:Sport

“Emily”@en “Jonah”@en

Ice Skating

Rugby

ex:name

ex:name

ex:name

ex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<#SportTM>
rml:logicalSource [ 
  rml:source “sports.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template “Sport/{ID}”; 
  rml:class ex:Sport ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference “Sport”] ] .

<Person/1>
ex:Person

23 22

ex:ageex:age

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template "Person/{ID}"; 
  rml:class ex:Person ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference ”Name”; rml:language “en”] ];
rml:predicateObjectMap [ 
  rml:predicate ex:birthdate; 
  rml:objectMap [ 
    rml:reference “Birthdate”]
...



Data sources

Mapping

ex:Sport

ex:Person

string

ex:name

int

string

ex:age

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

<Sport/2>
ex:Sport

<Sport/1>
ex:Sport

“Emily”@en “Jonah”@en

Ice Skating

Rugby

ex:name

ex:name

ex:name

ex:name

people.csv

ID Name Age SportID

1 Emily 23 2

2 Jonah 22 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<#SportTM>
rml:logicalSource [ 
  rml:source “sports.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template “Sport/{ID}”; 
  rml:class ex:Sport ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference “Sport”] ] .

<Person/1>
ex:Person

<#PersonTM>
rml:logicalSource [ 
  rml:source “people.csv” ;
  rml:referenceFormulation ql:CSV ]; 
rml:subjectMap [ 
  rml:template "Person/{ID}"; 
  rml:class ex:Person ]; 
rml:predicateObjectMap [ 
  rml:predicate ex:name; 
  rml:objectMap [ 
    rml:reference ”Name”; rml:language “en”] ];
rml:predicateObjectMap [ 
  rml:predicate ex:birthdate; 
  rml:objectMap [ 
    rml:reference “Birthdate”; rml:datatype xsd:int]
...

“23”^^xsd:int “22”^^xsd:int

ex:ageex:age



RML - 2023 revision



The history so far
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The RML Ontology: Overview
● Reference ontology specification addressing identified challenges

● Modular design

● Developed following the Linked Open Terms (LOT) methodology

● Maintaining backwards compatibility with R2RML
○ Semantic correspondences with previous resources

● All resources in all modules use same namespace and prefix
○ rml: https://w3id.org/rml/   

40

RML-Core

RML-star

RML-IO

RML-CC

RML-FNML

https://lot.linkeddata.es/
https://w3id.org/rml/


The RML Ontology: Modules

Composed of 5 modules:

● RML-Core: schema transformations

● RML-IO: source and target data

● RML-FNML: data transformation 
functions

● RML-CC: collections and 
containers

● RML-star: RDF-star

41

Check it out!

w3id.org/rml/portal

https://w3id.org/rml/portal


Network of Resources

Each module is composed of:
● Ontology

○ Implemented in OWL2: Definition of concepts, relationships (w/ domain 
and range)

○ Available in multiple serializations and a human readable 
documentation

● Specification
○ Feature details, examples of use and implementation instructions

● SHACL shapes
○ Restrictions of module constructs
○ Usable to test correctness of mappings

● Test cases (WIP)
○ Language coverage by processing engines

w3id.org/rml/core w3id.org/rml/starw3id.org/rml/fnml w3id.org/rml/ccw3id.org/rml/io

w3id.org/rml/core/spec w3id.org/rml/star/specw3id.org/rml/fnml/spec w3id.org/rml/cc/specw3id.org/rml/io/spec

w3id.org/rml/core/shapes w3id.org/rml/star/shapesw3id.org/rml/fnml/shapes w3id.org/rml/cc/shapesw3id.org/rml/io/shapes

42
w3id.org/rml/portal

https://w3id.org/rml/core
https://w3id.org/rml/star
https://w3id.org/rml/fnml
https://w3id.org/rml/cc
https://w3id.org/rml/io
https://w3id.org/rml/core/spec
https://w3id.org/rml/star/spec
https://w3id.org/rml/fnml/spec
https://w3id.org/rml/cc/spec
https://w3id.org/rml/io/spec
https://w3id.org/rml/core/shapes
https://w3id.org/rml/star/shapes
https://w3id.org/rml/fnml/shapes
https://w3id.org/rml/cc/shapes
https://w3id.org/rml/io/shapes
https://w3id.org/rml/portal


The RML Ontology: Overview

4343
w3id.org/rml/portal

https://w3id.org/rml/portal


RML-Core: Schema transformations
● Maintains R2RML basic 

structure
● Dynamic generation of:

○ Language tags
○ Data types

● Increased flexibility 
for join conditions

44

w3id.org/rml/core

w3id.org/rml/core/spec

w3id.org/rml/core/shapes

https://w3id.org/rml/core
https://w3id.org/rml/core/spec
https://w3id.org/rml/core/shapes


RML-Core: Example

45

<#NameTriplesMap> a rml:TriplesMap ;
  rml:logicalSource <#JSONSource> ;
  rml:subjectMap [ 
    a rml:SubjectMap, rml:ExpressionMap ;
    rml:template "{$.NAME}” ;
    rml:class ex:Athlete ;
    ] ;
  rml:predicateObjectMap [ 
    a rml:PredicateObjectMap ;
    rml:predicate ex:name ;
    rml:objectMap [ 
      a rml:ObjectMap, rml:ExpressionMap ;
      rml:reference "$.NAME” ;
      rml:languageMap [
        a rml:LanguageMap;
         rml:reference "$.COUNTRY"] 

] ] .

:Duplantis a ex:Athlete ;
ex:name ”Duplantis”@sv . 

:Guttormsen a ex:Athlete ;
ex:name ”Guttormsen”@no .

[ { "NAME": "Duplantis",
    "RANK": "1",
    "MARK": "6.22",
    "COUNTRY": "sv"
  },{
    "NAME": "Guttormsen",
    "RANK": "2",  
    "MARK": "6.00",
    "COUNTRY": "no" } ]



RML-IO: Data source and target
● Extended input data 

source description

● Output data description

● Leverage of existing 
vocabularies (SCAT, 
SPARQL-SD, VoID)

46

w3id.org/rml/io

w3id.org/rml/io/spec

w3id.org/rml/io/shapes

https://w3id.org/rml/io
https://w3id.org/rml/io/spec
https://w3id.org/rml/io/shapes


RML-IO: Example

47

<#JSONSource> a rml:LogicalSource ;
  rml:source [ a rml:Source, dcat:Distribution ;
    dcat:accessURL <file:///data/ranks.json> ];
  rml:referenceFormulation rml:JSONPath ; 
  rml:iterator "$.[*]"; .

<#FileTarget> a rml:LogicalTarget ;
  rml:target [ a rml:Target, void:Dataset ;
    void:dataDump <file:///data/dump.ttl.gz> ;
    rml:compression rml:gzip ;
    rml:encoding rml:UTF-8 ] ;
  rml:serialization formats:Turtle ; .

<#RankTriplesMap> a rml:TriplesMap ;
  rml:logicalSource <#JSONSource> ;
  rml:subjectMap <#RankSubjectMap> .

<#RankSubjectMap> rml:logicalTarget <#FileTarget>.

/data/ranks.json

/data/dump.ttl.gz



RML-FNML: Data Transformations

● Refines RML+FnO 
approach

● Reference connector 
between RML and the 
Function Ontology (FnO)

48

w3id.org/rml/fnml

w3id.org/rml/fnml/spec

w3id.org/rml/fnml/shapes

https://w3id.org/rml/fnml
https://w3id.org/rml/fnml/spec
https://w3id.org/rml/fnml/shapes


RML-FNML: Example

49

<#DateTriplesMap> a rml:TriplesMap ;
  rml:logicalSource <#JSONSource> ;   
  rml:subjectMap  <#RankSubjectMap> ;             
  rml:predicateObjectMap [
    rml:predicate ex:jumpOnDate ; 
    rml:objectMap [                            
      rml:functionExecution <#Execution> ;          
      rml:return ex:dateOut ] ] .

<#Execution> a rml:FunctionExecution ;                
  rml:function ex:parseDate ;              
  rml:input 

[ a rml:Input ;                         
    rml:parameter ex:valueParam;         
    rml:inputValueMap [ 

  rml:reference "$.DATE" ] ] , 
    [ a rml:Input ;
    rml:parameter ex:dateFormatParam ;        
    rml:inputValueMap [ 

  rml:constant ”DD-MM-YYYY" ] ] .

:Duplantis a ex:Athlete ;
  ex:jumpsOnDate “2023-25-02”.
:Guttormsen a ex:Athlete ;
  ex:jumpsOnDate “2023-10-03”.

[ { "NAME": "Duplantis",
    "RANK": "1",
    "MARK": "6.22",
    "DATE": 02-25-2023
  },{
    "NAME": "Guttormsen",
    "RANK": "2",  
    "MARK": "6.00",
    "DATE": 03-10-2023} ]



RML-CC: Collections and Containers

● Introduces generation of 
collections and containers

● Specifies how gather terms 
into a CC and manage them: to 
assign them a IRI or BN, 
manage empty CC, how the 
gathering is performed...

50

w3id.org/rml/cc

w3id.org/rml/cc/spec

w3id.org/rml/cc/shapes

https://w3id.org/rml/cc
https://w3id.org/rml/cc/spec
https://w3id.org/rml/cc/shapes


RML-CC: Example

51

<#RankingTriplesMap> a rml:TriplesMap ;
  rml:logicalSource <#JSONSource> ;
 rml:subjectMap [ 

rml:constant :Ranking23 ];
  rml:predicateObjectMap [
    rml:predicate ex:contains;
    rml:objectMap [
      rml:gather ( [ 
        rml:template "{$.*.NAME}";
        rml:termType rml:IRI ] );
      rml:gatherAs rdf:List; ] ] .

:Ranking23 ex:contains (:Duplantis 
:Guttormsen ).

[ { "NAME": "Duplantis",
    "RANK": "1",
    "MARK": "6.22",
    "DATE": 02-25-2023
  },{
    "NAME": "Guttormsen",
    "RANK": "2",  
    "MARK": "6.00",
    "DATE": 03-10-2023} ]



RML-star: RDF-star
● Recursiveness in mapping 

rules to generate quoted 
triples

● Applicable in subject and 
object position

● Asserted and non-asserted 
quoted triples

52

w3id.org/rml/star

w3id.org/rml/star/spec

w3id.org/rml/star/shapes

https://w3id.org/star/fnml
https://w3id.org/rml/star/spec
https://w3id.org/rml/star/shapes


RML-star: Example

53

<#QuotedRankTM> a rml:AssertedTriplesMap ;
  rml:logicalSource <#JSONSource> ; 
  rml:subjectMap [rml:template "{$.NAME}"];
  rml:predicateObjectMap [ 

rml:predicate ex:mark ;
    rml:objectMap [ 

  rml:reference "$.MARK" ; 
] ] .
    
<#DateTM> a rml:TriplesMap ;
  rml:logicalSource <#JSONSource> ;
  rml:subjectMap [ 

rml:quotedTriplesMap <#QuotedRankTM> 
];
  rml:predicateObjectMap [ 
    rml:predicate ex:date ;
    rml:objectMap [ 

  rml:reference "$.DATE"; 
] ] .

:Duplantis ex:mark “6.22” .
<< :Duplantis ex:mark “6.22” >>

ex:date “02-25-2023” .
:Guttormsen ex:mark “6.00” .
<< :Guttormsen ex:mark “6.00” >>

ex:date “03-10-2023” .

[ { "NAME": "Duplantis",
    "RANK": "1",
    "MARK": "6.22",
    "DATE": 02-25-2023
  },{
    "NAME": "Guttormsen",
    "RANK": "2",  
    "MARK": "6.00",
    "DATE": 03-10-2023} ]
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We will be back at 16:00



Easy KG 
construction

16:00 - 17:00

YARRRML: User-Friendly 
Syntax for RML

Hands-on example



User-friendly approaches to write mappings

● [R2]RML mappings are written as Turtle files:
○ Risk of syntax errors
○ Too many language constructs
○ Long process (~6 months)

● Approaches developed to aid the mapping writing:
○ User-friendly syntax:

■ YARRRML ➡ RML
■ XRM ➡ R2RML, CSVW, RML (Zazuko)
■ SMS2 ➡ R2RML (Stardog)
■ obda ➡ R2RML (Ontop)

○ Editors
■ RMLEditor ➡ RML
■ Mapeathor ➡ R2RML, RML, YARRRML
■ …



YARRRML

User-friendly serialization for RML based on YAML 
syntax:

● Compact syntax

● Widely adopted in real-life projects
○ Entity Reconciliation API on Google Specification 

○ https://w3id.org/kg-construct/yarrrml 

● Online service
○ https://rml.io/yarrrml/matey/

https://w3id.org/kg-construct/yarrrml
https://rml.io/yarrrml/matey/


Mapping example
–

YARRRML



Data sources

mappings:
 PERSON:

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph
Group of 

transformation rules



Data sources

mappings:
 PERSON:
  sources:
   - ['data/people.csv~csv']

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph



Data sources

mappings:
 PERSON:
  sources:
   - ['data/people.csv~csv']
  s: http://ex.com/Person/$(ID)

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

<Person/2>

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>



Data sources

mappings:
 PERSON:
  sources:
   - ['data/people.csv~csv']
  s: http://ex.com/Person/$(ID)
  po:
   - [a, ex:Person] 

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>
ex:Person



Data sources

mappings:
 PERSON:
  sources:
   - ['data/people.csv~csv']
  s: http://ex.com/Person/$(ID)
  po:
   - [a, ex:Person]
   - [ex:name, $(Name)]
   - [ex:birthdate, $(Birthdate)]
   

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

Emily Jonah
08/02/1990 18/11/1975

ex:birthdate
ex:name

ex:birthdate
ex:name

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

Output Knowledge Graph

<Person/1>
ex:Person



Data sources

mappings:
 PERSON:
  sources:
   - ['data/people.csv~csv']
  s: http://ex.com/Person/$(ID)
  po:
   - [a, ex:Person]
   - [ex:name, $(Name)]
   - [ex:birthdate, $(Birthdate)]
   

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

<Sport/2>
ex:Sport

<Sport/1>
ex:Sport

Emily Jonah
08/02/1990 18/11/1975

Ice Skating

Rugby

ex:birthdate
ex:name

ex:birthdate

ex:name

ex:name

ex:name

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

mappings:
 SPORT:
    sources:
      - 
['data/sports.csv~csv']
    s: 
http://ex.com/Sport/$(ID)
    po:
      - [a, ex:Sport]
      - [ex:name, $(Sport)]

Output Knowledge Graph

<Person/1>
ex:Person



Data sources

mappings:
 PERSON:
  sources:
   - ['data/people.csv~csv']
  s: http://ex.com/Person/$(ID)
  po:
   - [a, ex:Person]
   - [ex:name, $(Name)]
   - [ex:birthdate, $(Birthdate)]
   - p: ex:plays
     o:
      - mapping: SPORT
        condition:
          function: equal
          parameters:
           - [str1, $(SportID)]
           - [str2, $(ID)]

Mapping

ex:Sport

ex:Person

string

ex:name

date

string

ex:birthdate

ex:plays

Ontology

ex:name

<Person/2>
ex:Person

<Sport/2>
ex:Sport

<Sport/1>
ex:Sport

Emily Jonah
08/02/1990 18/11/1975

Ice Skating

Rugby

ex:birthdate
ex:name

ex:birthdate

ex:plays

ex:name

ex:name

ex:name

people.csv

ID Name Birthdate SportID

1 Emily 08/02/90 2

2 Jonah 18/11/75 2

sports.csv

ID Sport

1 Ice 
Skating

2 Rugby

mappings:
 SPORT:
    sources:
      - 
['data/sports.csv~csv']
    s: 
http://ex.com/Sport/$(ID)
    po:
      - [a, ex:Sport]
      - [ex:name, $(Sport)]

Output Knowledge Graph

<Person/1>
ex:Person



Hands-on exercise



Hands-on exercise

67

● Creating a KG from a CSV file using YARRRML



Hands-on exercise

68

● Creating a KG from a CSV file using YARRRML:
1. Access the resources in: https://bit.ly/4h2rgcW 
2. Create the mapping completing the file 

‘yarrrml_template.yml’
3. Can be tested using Matey or Yatter
4. Run the mapping and the data with Morph-KGC to 

create the KG

https://bit.ly/4h2rgcW
https://rml.io/yarrrml/matey/
https://github.com/oeg-upm/yatter


Mapping Supporters: Matey (YARRRML-parser)

https://rml.io/yarrrml/matey/ and https://github.com/RMLio/yarrrml-parser (NodeJS)

https://rml.io/yarrrml/matey/
https://github.com/RMLio/yarrrml-parser


Hands-on exercise

70

● Creating a KG from a CSV file using YARRRML

:Aircraft

:Airline :AircraftModel

:hasID : string
:hasCreationDate : dateTime
:hasModificationDate : dateTime
:hasStatus : boolean
:hasTailNumber : string

:hasOwningAirline

:owns
:hasAircraftModel

sfo-aircraft-tail-numbers-and-models.csv
• aircraft_id
• aircraft_model
• airline
• creation_date
• modification_date
• status
• tail_number

Resources

https://bit.ly/4h2rgcW 

https://bit.ly/4h2rgcW


Resources for KG 
Construction

17:00 - 17:25

Ontology development

Mapping supporters

KG Construction engines

Benchmarks



The RML ecosystem

Compliant systems

● RMLMapper

● RocketRML

● Chimera

● Morph-KGC

● SDM-RDFizer

● CARML

● RDF Processing 

Toolkit

● Mapeathor

● FlexRML

● BURP

● MEL

● Excel in RML

● Matey

● Yatter

● Spread2RML

● Dragoman

● RMLEditor

● YARRRML-parser

● mapping-template

● RMLStreamer

● RMLWeaver-js

Interoperability

● SPARQL-Generate

● ShExML

● Helio

● YARRRML 

● XRM

Benchmarks

● GTFS-Madrid Bench

● SDM-Genomic benchmark

● LUBM4OBDA

● KROWN (KGC Challenge)

Use cases

● National and European Projects
● European Commission (ERA, PPDS)
● Companies (Orange, BASF, REALE, Bosch, 

Google)

https://github.com/RMLio/rmlmapper-java
https://github.com/semantifyit/RocketRML
https://github.com/cefriel/chimera
https://morph-kgc.readthedocs.io/
https://github.com/SDM-TIB/SDM-RDFizer
https://github.com/carml/carml
https://github.com/SmartDataAnalytics/RdfProcessingToolkit
https://github.com/SmartDataAnalytics/RdfProcessingToolkit
https://github.com/oeg-upm/mapeathor
https://github.com/wintechis/flex-rml
https://github.com/chrdebru/BURP
https://w3id.org/kgcp/MEL-TNNT/
https://www.dfki.uni-kl.de/~mschroeder/demo/excel-rml/
https://rml.io/yarrrml/matey/
https://github.com/oeg-upm/yatter
https://www.dfki.uni-kl.de/~mschroeder/demo/spread2rml/
https://github.com/SDM-TIB/Dragoman
https://app.rml.io/rmleditor/
https://github.com/RMLio/yarrrml-parser
https://github.com/cefriel/mapping-template
https://github.com/RMLio/RMLStreamer
https://github.com/RMLio/rmlweaver-js
https://github.com/sparql-generate/rml-to-sparql-generate
https://shexml.herminiogarcia.com/editor/
https://helio-playground.linkeddata.es/playground
https://github.com/oeg-upm/yatter
https://zazuko.com/products/expressive-rdf-mapper/
https://github.com/oeg-upm/gtfs-bench
https://doi.org/10.6084/m9.figshare.17142371.v1
https://github.com/oeg-upm/lubm4obda


Mapping rules 

Declarative Knowledge Graph 
Construction Engine

SPARQL
QueriesOntology

Declarative
Mapping

 Rules ¡
Sources 

Usually takes 6PM



Mapping Supporters: Yatter

● Easy to read translation
● Python-based
● Code: 

https://github.com/oeg-upm/yatter 

Iglesias-Molina, A., Chaves-Fraga, D., Dasoulas, I., & Dimou, A. (2023). Human-friendly RDF 
graph construction: Which one do you chose?. In International Conference on Web Engineering

https://github.com/oeg-upm/yatter


Mapping Supporters: Mapeathor

● Excel-based mapping
● Translation into YARRRML, R2RML and RML
● REST API, Python Library
● Code: https://github.com/oeg-upm/mapeathor 

Iglesias-Molina, A., Pozo-Gilo, L., Dona, D., Ruckhaus, E., Chaves-Fraga, D., & Corcho, O. (2020). 
Mapeathor: Simplifying the Specification of Declarative Rules for Knowledge Graph Construction. In 
International Semantic Web Conference

https://github.com/oeg-upm/mapeathor


Mapping rules 

Declarative Knowledge Graph 
Construction Engine

SPARQL
QueriesOntology

Declarative
Mapping

 Rules ¡
Sources 



Engines for KG Construction: 
SDM-RDFizer

Install at: https://pypi.org/project/rdfizer/  (pip install rdfizer)
Github website: https://github.com/SDM-TIB/SDM-RDFizer 

Features:
- Very efficient for large datasets
- Efficient execution of joins and duplicates removal
- Python based
- A bit difficult to run (config file needs to be filled)
- Some quality problems

https://pypi.org/project/rdfizer/
https://github.com/SDM-TIB/SDM-RDFizer


Engines for KG Construction: RMLMapper

Download/Install at: https://github.com/RMLio/rmlmapper-java 

Features:
- Good parser in terms on data quality
- Java based 
- Really simple to run (-d is for removing duplicates):

java -jar rmlmapper.jar -m mapping.rml -o output.nt -d
- Not very efficient when you have many joins or duplicates

https://github.com/RMLio/rmlmapper-java


Engines for KG Construction: RMLStreamer

Download/Install at: https://github.com/RMLio/RMLStreamer 

Features:
- To mapping stream data into RDF streams
- Scala based 
- Not very efficient when you have joins

https://github.com/RMLio/RMLStreamer


Engines for KG Construction: FlexRML

Download/Install at: https://github.com/wintechis/flex-rml
Install: https://www.npmjs.com/package/flexrml-node   

Features:
- Only supports CSV data
- Super efficient (the best at this moment)
- It can runs materialization on the edge
- Written in C++ (JavaScript version also available) 

https://github.com/wintechis/flex-rml
https://www.npmjs.com/package/flexrml-node


Engines for KG Construction: Morph-KGC

Install at: https://pypi.org/project/morph-kgc/  (pip install morph-kgc)
Documentation: https://morph-kgc.readthedocs.io/en/latest/documentation/ 

Features:
- Very efficient for big data
- Python based
- Optimizations in planification of the mappings
- Continuous integration for testing
- Generates RDF-star datasets

https://pypi.org/project/morph-kgc/
https://morph-kgc.readthedocs.io/en/latest/documentation/


Let’s play with Yatter+Morph-KGC in our example

https://github.com/kg-construct/tutorials/tree/main/ecai2024/resources/notebooks 

https://github.com/kg-construct/tutorials/tree/main/ecai2024/resources/notebooks


Benchmarks for KG Construction

https://github.com/kg-construct/
krown 

Van Assche, D., Chaves-Fraga, D., & Dimou, A. KROWN: A Benchmark for RDF Graph 
Materialisation. International Semantic Web Conference (2024)

https://github.com/kg-construct/krown
https://github.com/kg-construct/krown


Benchmarks for KG Construction

https://github.com/oeg-upm/gtfs-bench 

Chaves-Fraga, D., Priyatna, F., Cimmino, A., Toledo, J., Ruckhaus, E., & Corcho, O. (2020). 
GTFS-Madrid-Bench: A benchmark for virtual knowledge graph access in the transport domain. 
Journal of Web Semantics.

https://github.com/oeg-upm/gtfs-bench


Benchmarks for KG Construction

SDM-GENOMICS Dataset:https://doi.org/10.57702/4c9ivpgs 

- Testbeds for duplicate removal and join conditions
- RML support 

BSBM: http://wbsg.informatik.uni-mannheim.de/bizer/berlinsparqlbenchmark/ 

- Well-known benchmark to test triplestores capabilities
- Adapted to virtual KG Construction with R2RML

NPD: https://github.com/ontop/npd-benchmark 

- Focuses on reasoning during virtual KG Construction
- R2RML suport

https://doi.org/10.57702/4c9ivpgs
http://wbsg.informatik.uni-mannheim.de/bizer/berlinsparqlbenchmark/
https://github.com/ontop/npd-benchmark


Last performance results: GTFS-Madrid-Bench + KG parameters

● 3 Variables: execution time, CPU and 
RAM usage

● 65 Scenarios:
○ KG parameters: 57

■ Duplicates & empty values: 10
■ Data size: 8
■ Mappings: 4
■ Joins: 35

○ GTFS: 8
● Who gets the award?

○ Top 3 tools per scenario 
and variable get points

○ Final count of all points

3 points

2 points
1 point



Track 2: Points for execution time



Track 2: Points for CPU usage



Track 2: Points for RAM usage



Other resources: AWESOME-KGC-TOOLS list

https://kg-construct.github.io/awesome-kgc-tools/ 

https://kg-construct.github.io/awesome-kgc-tools/


Ontology Development

Sunday 20th (tomorrow)

09:00 - 12:30

Room: TBC

https://chowlk.linkeddata.es/ 

https://lot.linkeddata.es/

https://chowlk.linkeddata.es/
https://lot.linkeddata.es/


Conclusions 

● Systematic construction of RDF Knowledge Graphs
● RML as declarative language for KGC
● YARRRML as human-syntax to facilite the use
● Several engines with their own features
● Benchmarks to test performance (time, memory, CPU)
● Big community (>180 members in W3C)
● Towards the standardization process
● Impact over companies (Google, Orange, Bosch, etc)
● In-production on European Data Spaces (PPDS, ERA)
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attending!


