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From the Web … to the Web of Data 

Fundamental shift: 
 
From sending bits from one host to the 
other towards making sense of those bits 



From the Web … to the Web of Data 



From the Web … to the Web of Data 

http://www.ticketone.it/cyndi-lauper-biglietti.html?
affiliate=ITT&doc=artistPages/
tickets&fun=artist&action=tickets&kuid=459131  



From the Web … to the Web of Data 
<script type="application/ld+json"> 
 {"@context":"http://schema.org","@type":"MusicEvent","name":"Cyndi 
Lauper","startDate":"2016-07-06T21:00:00.000+02:00", "location":
{"@type":"Place","name":"Auditorium Parco della Musica","sameAs":"http://
www.ticketone.it/auditorium-parco-della-musica-cavea-biglietti.html?
affiliate=ITT&doc=venuePage&fun=venue&action=overview&venueGroupId=16170","address":
{"@type":"PostalAddress","streetAddress":"Via Pietro De Coubertin,
30","addressLocality":"ROMA","addressRegion":null,"postalCode":"00196","addressCount
ry":"IT"}}, "offers":{"@type":"Offer","category":"primary","price":
34.5,"priceCurrency":"EUR","availability":"InStock","url":"http://www.ticketone.it/
cyndi-lauper-roma-biglietti.html?affiliate=ITT&doc=artistPages
%2Ftickets&fun=artist&action=tickets&key=1610029%247559913&jumpIn=yTix&kuid=459131&f
rom=erdetaila"}} 
</script> 
 
<td><span>Cyndi Lauper</span></td> 
<td><span>ROMA<br />Auditorium Parco della Musica - Cavea</span></td> 
<td>mer, 06/07/16<br />21.00 </td> 
<td><dl class="availability"><dt class="available">&nbsp;</dt><dd class="available"> 
Biglietti da <span>&euro; 34,50</span></dd></dl></td> 
<td><span>Stampa@Casa disponibile</span><a href="
cyndi-lauper-roma-biglietti.html?affiliate=ITT&amp;doc=artistPages
%2Ftickets&amp;fun=artist&amp;action=tickets&amp;key=1610029%247559913&amp;jumpIn=yT
ix&amp;kuid=459131&amp;from=erdetaila" style="margin-top:4px;" class="sdb sdbS" 
title="Cyndi Lauper - Acquista ora"><span>Biglietti</span></a></td> 

From structured mark-up on a Website ... 



TimBL Vision back in 1994 



The Web 3.0 by Kate Ray 



The Web puzzle ... 

HTTP/D 

URL - URI HTML 



URIs are a foundation 

§  URI (Uniform Resource Identifier) 
Ø  The generic set of all names/addresses that are short strings that 

refer to resources 
Ø URLs (Uniform Resource Locators) are a subset of URIs, used for 

resources that can be accessed on the web  

§  URIs look like “normal” URLs, often with fragment 
identifiers to point to a document part: 
Ø  http://foo.com/bar/mumble.html#pitch  

§  URIs are unambiguous, unlike natural language terms 
Ø  The web provides a global namespace 
Ø We assume references to the same URI are to the same thing 



The Web puzzle ... 

Query 
SPARQL 

XPath 
Xpointer 
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The Semantic Web Cake (circa 2004) 



RDF 

  is a triple model i.e. every piece of 
knowledge is broken down into 

      ( subject , predicate , object ) 

                  stands for 
Resource Description Framework 



                  stands for 
Resource: pages, images, videos, ... 
         everything that can have a URI 
 
Description: attributes, features, and 
                  relations of the resources 
 
Framework: model, languages and 
         syntaxes for these descriptions 

RDF 



RDF: A Graph Data Model 



long way 
a little drop of semantics goes a 

Jim Hendler [1997] 



                stands for RDF Schema RDFS 

                        provides primitives to write 
lightweight schemas for RDF triples 

RDFS 

                    provides primitives to... 

... define the vocabulary used in triples 

... define elementary inferences 

RDFS 



RDFS                        to define classes of resources 
and organize their hierarchy 

                stands for RDF Schema RDFS 

RDFS                        to define relations between 
resources and organize their hierarchy 



DOMAIN RANGE 

RDFS                     relations have a signature 

... the domain is the type of the resource 
the relation starts from. 

... the range is the type of the resource 
the relation ends to. 

                 relations have a signature RDFS 



SPARQL on top... 
an RDF query language 
and data access protocol 



SPARQL stands for 
SPARQL Protocol and 
RDF Query Language 



data.bnf.fr 

§  Example: 
Ø http://data.bnf.fr/11928016/jules_verne/  
Ø http://data.bnf.fr/12008369/jean_de_la_fontaine_fables/  
Ø http://data.bnf.fr/ark:/12148/cb12650268p (ornithologie) 



datos.bne.es (http://linkeddata3.dia.fi.upm.es/bne-demo/) 



data.europeana.eu 

Showcase:  
http://remix.europeana.eu/  
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Outline 

1. Input Data      2. Conversion to DOREMUS RDF    3. Data Linking      4. Explore the Data 



1. Input Data 
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1. Input Data 
BnF PP 

Médiathèque 
PP 

Concerts 
Radio 
France 
Disco-
thèque 

Radio 
France 

Docu-
mentation 
musicale 

Radio 
France 

Docu-
mentation 

sonore 

Target entity 

Format 
X M L / 
I N T E R 
MARC 

X M L / 
UNIMARC XML XML XML XML 

Uniform Music 
Titles (TUM) & 
work entries 

135 940 6 846 62 550 Work 

Scores 89 184 30 319 9 154 
Expression 

Books 21 035 

C D / D V D / 
Vinyls  8 602 340 609 

Performance 

Concerts 2 447 2 717 7 700 1 800 



1. Input Data 
Introducing the MARC family 

MARC:  

Machine Readable Cataloging 

 

MARC file is  

- a succession of fields of different 
lengths, each carrying a label (a 3 digit 
number) 

- each field is a succession of sub-
fields (also of variable lengths) 

- a sub-field is delimited by the “$” 
symbol 

- sub-fields can repeat in order to 
“host” data of the same kind 

 

  

 
 

 

 

 

Different variants of MARC... 

-  USMARC in the United States, CANMARC in Canada, 
UKMARC in the UK 

-  MARC21 unifies USMARC, AUSMARC, UKMARC, 
CANMARC 

-  INTERMARC is used by the BNF and other libraries in 
Paris and Lyon in France. 

- UNIMARC was initially designed as a unique format for 
exchange between the different MARCs, it became the 
official French MARC format. 

a bibliographical data exchange 
format 

 



1. Input Data 

Public view 

INTERMARC 

Example 



29 

1. Input Data 
Different kinds of records within and across institutions 



2. Conversion to DOREMUS RDF 



l  MARC 2 MARC-RDF  

l  Direct extraction of the relations from the MARC file 
l  Construction of a triples-based graph 
 

l  MARC 2 DOREMUS-RDF   

l  Mapping rules to retrieve the values from the MARC files 
l  Following and implementing the DOREMUS model 
l  Aligned to the DOREMUS controlled vocabularies 
 

 

2. Data Conversion to RDF 
Two Converters 



2. Data Conversion to RDF 
MARC 2 MARC-RDF  

UNIMARC (authority records):      
http://www.ifla.org/publications/ifla-series-on-bibliographic-control-38 
UNIMARC (bibliographical records): 
http://www.ifla.org/publications/ifla-series-on-bibliographic-control-36 
INTERMARC: http://www.ifla.org/node/4858 

The semantics of the fields and sub-fields in the MARC files are described in 
different documents (according to the MARC variant, see the links below).  
 
A subfield tag changes its meaning depending on the field, in which it is found  

500 Titre uniforme  
$3 Numéro d'identification de la notice d'autorité Titre uniforme  
$9/a Identifiant hiérarchique de sous-notice analytique  
$9/b Appariement des couples auteur/titre  
$a Titre uniforme  
$h Numéro de partie  
$i Titre de partie  
$k Date de publication  
$l Sous-vedette de forme  
$m Langue  
$n Autre information  
$q Version  
$r Distribution d'exécution (pour la musique)  

MARC 2 MARC-RDF: 
 
A low-level mapping 
from the fields and 
subfields semantics to 
RDF triples. 



2. Data Conversion to RDF 
MARC 2 MARC-RDF  



2. Data Conversion to RDF 
Remember the DOREMUS model? 

Let's do DOREMUS RDF! 



2. Data Conversion to RDF 

Identifier 

Unit of information 

Object 

Remarks 

Path 

Unimarc and Intermarc 
Philharmonie 

Transfer rules 

 
Example 

 

F28 

Work: Date of the work (representative expression) 

Date of expression creation 

Date and machine format  

F28 Expression Creation P4 has time-span E52 Time-Span P82 at some time within 
E61 Time Primitive 

UNI100: 909 $g $h 

If $h is identical to $g, keep only $g. Add a slash between $g and $h if they have 
different values. 

UNI100: 909 $g1801 $h1801 > E52 Time-Span P81 ongoing through E61 = 1801 
UNI100:909 $g1834 $h1856 > E52 Time-Span P81 ongoing through E61 = 1834/1856 

 

l  Where to look for information and how to interpret it 

l  Implementing the DOREMUS model 

l  Reflect the practices of each institution: a mapping table per institution 

Expert-defined mapping rules 



Identifier 

Unit of information 

Object 

Remarks 

Path 

Unimarc and Intermarc 
Philharmonie 

Transfer rules 

 
Examples 

 

F28 

Work: Date of the work (representative expression) 

Date of expression creation 

Date and machine format  

F28 Expression Creation P4 has time-span E52 Time-Span P82 at 
some time within E61 Time Primitive 

UNI100: 909 $g $h 

If $h is identical to $g, keep only $g. Add a slash between $g and $h if 
they have different values. 

UNI100: 909 $g1801 $h1801 > E52 Time-Span P81 ongoing through 
E61 = 1801 UNI100:909 $g1834 $h1856 > E52 Time-Span P81 
ongoing through E61 = 1834/1856 

 

What to look for? 

Where to look? 

M
od

el
 

M
A

R
C

 fi
le

 



The DOREMUS convention combines the best practices (see the DataLift 
project [6]) with the DOREMUS model 

 

  
                       http://data.doremus.org/Name/Code/UUID 

 
 
 
 

2. Data Conversion to RDF 
DOREMUS resource URI naming convention 

the class 
from the 
DOREMUS 
model 

 http://data.doremus.org/Self_Contained_Expression/F22/b90b3b97-2526-4152-95bb-273 

DOREMUS 
convention 1 

Example: 

DOREMUS convention 2 
(under discussion) http://data.doremus.org/expression/UUID 



Properties in the DOREMUS ontology: three namespaces 
-  CIDOC-CRM cidoc-crm: <http://www.cidoc-crm.org/cidoc-crm/> 

-  FRBRoo frbroo: <http://erlangen-crm.org/efrbroo/> 

-  DOREMUS mus: <http://data.doremus.org/ontology/>  

2. Data Conversion to RDF 
The DOREMUS property naming convention 

Constructing a property URI: concatenate the namespace 
URI and the property identifier (code + name in the model)                         
see next slide. 



Properties are identified by their codes followed by their names. 

CIDOC-CRM properties: 

 

 

 

 

 

 

 

 

 

 

2. Data Conversion to RDF 
The DOREMUS property naming convention 

P102_has_title 
 
P72_has_language 
 
P73_has_translation 
 
 
 
 

The CIDOC-CRM ns: @prefix cidoc-crm: <http://www.cidoc-crm.org/cidoc-crm/> 



DOREMUS properties: 

 

 

 

 

 

 

 

 

 

 

 

2. Data Conversion to RDF 
The DOREMUS property naming convention 

U11_has_key 
 
U12_has_genre 
 
P10_has_order_number 
 
 
 
 
 

The DOREMUS property naming convention 

The DOREMUS namespace: @prefix mus: <http://data.doremus.org/ontology/> 



FRBRoo properties: 

 

 

 

 

 

 

 

 

 

 

 

2. Data Conversion to RDF 
The DOREMUS property naming convention 

R17_created 
 
R9_is_realized_in 
 
R19_created_a_realisation_of 
 
 
 
 
 

The DOREMUS property naming convention 

The FRBRoo namespace: @prefix frbroo: <http://erlangen-crm.org/efrbroo/> 



2. Data Conversion to RDF 
The DOREMUS properties 

DOREMUS data type properties / object properties 
 
 U11_has_key “C-sharp”      U12_has_genre “symphony”       U13_has_casting “piano” 

Genres  
alignment with IAML  Ethnonymes 

alignment with 
DBPedia  

Instruments 
alignments with MIMO, 

Rameau 

Persons and 
Ensembles 

alignments avec ISNI, 
DBPedia  

Functions of persons and 
ensembles 

alignments with RDA  

Ontology 
FRBRoo / 

DOREMUS 

Keys 



2. Data Conversion to RDF 

Example: a 
converted BNF 

TUM 
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2. Data Conversion to RDF 

PP - Work Record 

PP - TUM 

Data describing a work 
in the Philharmonie de 
Paris have to be looked 
up in two different 
records. 



2. Data Conversion to RDF 

MARD2DOREMUS-RDF converter: 
https://github.com/DOREMUS-ANR  



3. Data Linking 



Linked Data Principles 

§  Tim Berners Lee [2006] (Design Issues) 
1.  Use URIs to identify things  

(anything, not just documents); 
2.  Use HTTP URIs – globally unique names, distributed 

ownership –  
so that people can look up those names; 

3.  Provide useful information in RDF –  
when someone looks up a URI; 

4.  Include RDF links to other URIs –  
to enable discovery of related information 



3. Data Linking 
... Anyone? 

The 4th principle of the web of data:  
when publishing data, provide links to other  
already published data! 

Link datasets on the web 



3. Data Linking 

A link-statement is a triple (as any other) that 
 
  links an instance from one dataset (the subject)  
 
  to an instance of another dataset (the object) 
 
  via a link-predicate coming from established vocabularies, such as 

 owl:sameAs (meaning that the 2 instances are equivalent), 
 but also skos:closeMatch, rdf:seeAlso, or other. 

http://yago-knowledge.org/resource/Ludwig_van_Beethoven, 
owl:sameAs,  http://dbpedia.org/resource/Ludwig_van_Beethoven  

Example: 

Links 



3. Data Linking 
DOREMUS: What do we have so far? 

A work exists potentially in each of the 3 
RDF datasets identified by different URIs 
 
 
Among the reasons for this decision: 

 – the descriptions of a given work 
  across institutions are not uniform 
  (see following slides) 
 – not always a 1:1 correspondence 
 – independence of representation 

 
So, we need to link these datasets! 

An RDF graph per institution 



3. Data Linking 
Some basics: 

The data linking processing chain 

(1) pre-processing → (2) instance matching → (3) post-processing 

– reduce the search-space, 
identify a set of pairs of linking 
candidates, identify key 
properties  
 
– make instances comparable: 
models of representation, 
handling multilinguism 

– discover a link 
between two 
resources, give it 
a type and a 
confidence value 

– filter out 
erroneous 
matches 
– infer new ones 



3. Data Linking 

 
 A plethora of tools:  

LIMES http://aksw.org/Projects/LIMES.htm, 
SILK http://silkframework.org, RiMOM, RDF-AI,...  
See OAEI for more: http://oaei.ontologymatching.org/2015/im/index.html 
   
       From a user perspective, the tool configuration is 90% of the task 

A generic architecture 



3. Data Linking 

Where to look for information to compare instances?  

 Levels of comparison 



3. Data Linking 
Why is it not that easy... 

Datasets can be highly heterogeneous! 



3. Data Linking 
Why is it not that easy... 

Data heterogeneity 
 
any difference in the  description or expression of  equivalent 
resources and information 

“Moonligth sonata”                            “Sonate au claire de lune” 

Title of a music work 



3. Data Linking 
Some examples... 



3. Data Linking 
A common approach to develop and evaluate linking tools 



3. Data Linking 

 
 
What are the heterogeneities manifested by music bibliographical data? 
 

 We asked experts to identify the most current problems that may appear. 
  
 We did some tests.   

 
  H1. Letters or numbers in the property values (particularly titles) 

H2. Differences in spelling (terminological heterogeneity) 
H3. Missing catalog numbers and/or opus numbers 
H4. Different catalogues (no works so far) 
H5. Multilingual titles 
H6. Letters with diacritical signs 
H7. Different value distances 
H8. Different properties describing tonalities or instruments 
H9. Missing properties (lack of description) 
H10. Missing titles 

–- a small dataset of corresponding pairs of works from the BnF and the 
Philharmonie de Paris, organised per category, available here.   

The DOREMUS benchmark data 
Dataset 1:  

Nine heterogeneities 
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3. Data Linking 
Nine heterogeneities: example 1 Nine heterogeneities: 

example 1 
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3. Data Linking 
Nine heterogeneities: example 2 

Nine heterogeneities: 
example 2 
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3. Data Linking 
Nine heterogeneities: example 3 



3. Data Linking 

 
  

 
H2. Differences in spelling (terminological heterogeneity)  
H5. Multilingual titles 
H9. Missing properties (lack of description)  
H10. Missing titles 

After testing, we selected 4 groups of heterogeneities that appeared 
to be most problematic for the linking tool. 

SILK: the only instance matching tool that returned results. 

– a larger dataset of about 200 pairs of works, organised wrt the four 
categories, available here.  

The DOREMUS benchmark data 
Dataset 2:  

Four Heterogeneities 



3. Data Linking 

 
  

The DOREMUS benchmark data 
Dataset 3:  

The False Positives Trap 

Again, we asked experts for help. 
 
A dataset containing pairs of different musical works that are highly 
similar in their descriptions (same composer, title, key, instruments...). 

Arnold Schoenberg 

String quartet  no 4 

 

:sameAs? 

Challenge the linking tools capacity to discover difficult discriminative properties. 

A dataset of around 50 pairs of instances. 

Arnold Schoenberg 

String quartet  no 1 

 



3. Data Linking 

 
  

The DOREMUS benchmark data 
Dataset 4:  

Machine Learning 

A dataset for learning automatic classifiers. 

example class 
(w1, w') same 
(w2,w'') different 
... ... 

Training data: examples of pairs of works with a class label (same/different). 
 
A standard binary classification problem setting. 
 
Learning a prediction rule that allows to correctly classify an unseen example (a 
pair of works) to one of the two categories: same or different. 
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3. Data Linking 

 
  

3. Data Linking 
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3. Data Linking 

 
  

3. Data Linking 

Linking tools look for 
equivalent properties 
with similar/identical 
values 



3. Data Linking 
Linking Configurations and Tests 

 

 
  

<?xml version="1.0" encoding="utf-8" ?> 
<Silk> 
… 
  <DataSources> 
    <DataSource type="file" id="ontoA"> 
      <Param name="file" value="/pathFile/0804232.rdf" />  
</DataSource> 
    <DataSource type="file" id="ontoB"> 
      <Param name="file" value="/pathFile/13908188.rdf" />    
</DataSource> 
  </DataSources> 
… 
      <SourceDataset dataSource="ontoA" var="a"> 
        <RestrictTo> 
          ?a cidoc-crm:P102_has_title ?r . 
        </RestrictTo> 
      </SourceDataset> 
 
      <TargetDataset dataSource="ontoB" var="b"> 
        <RestrictTo> 
          ?b cidoc-crm:P102_has_title ?t . 
        </RestrictTo> 
      </TargetDataset> 
… 
<Compare metric="levenshtein" threshold="1" required="true"> 
            <TransformInput function="tokenize">           
              <Input path="?a/cidoc-crm:P102_has_title" /> 
            </TransformInput> 
             <TransformInput function="tokenize"> 
              <Input path="?b/cidoc-crm:P102_has_title" /> 
            </TransformInput> 
          </Compare> 
… 
 
</Silk> 

Specify the path of the two datasets 

Restrict the instances to those having the 
properties listed here  

Set the parameters of the similarity metric 

Using only titles. 

The two resources were interconnected 
with a threshold equal to 0.9. 

Specify the pairs of properties to be 
compared 



3. Data Linking 
Linking Configurations and Tests 

 

Using all properties. 
<?xml version="1.0" encoding="utf-8" ?> 
<Silk> 
… 
  <DataSources> 
    <DataSource type="file" id="ontoA"> 
      <Param name="file" value="/pathFile/0804232.rdf" />  
</DataSource> 
    <DataSource type="file" id="ontoB"> 
      <Param name="file" value="/pathFile/13908188.rdf" />    
</DataSource> 
  </DataSources> 
… 
<Compare metric="levenshtein" threshold="1" required="true"> 
            <TransformInput function="tokenize">           
              <Input path="?a/cidoc-crm:P102_has_title" /> 
            </TransformInput> 
             <TransformInput function="tokenize"> 
              <Input path="?b/cidoc-crm:P102_has_title" /> 
            </TransformInput> 
          </Compare> 
<Compare metric="levenshtein" threshold="1" required="true"> 
            <TransformInput function="tokenize">           
              <Input path="?a/cidoc-crm:P3_has_note" /> 
            </TransformInput> 
             <TransformInput function="tokenize"> 
              <Input path="?b/cidoc-crm:P67_refers_to/cidoc-
crm:P3_has_note" /> 
            </TransformInput> 
          </Compare> 
… 
 
</Silk> 

The two resources were 
interconnected with a threshold 
equal to 0.9. 

Specify the path of the two datasets 

Tune the similarity metric 

Specify the properties to be compared 



3. Data Linking 
Lessons Learned 

 

 
  

Lessons learned:  
 
– SILK is the only off-the-shelf tool that returns results without any data re-writing 

  
– Heterogeneities in titles appear to be very problematic 
 
– Multilingual information is hard to handle correctly 

  
– Need for a specific method for linking musical data  

 – combine expert knowledge with  
 – automatic key-discovery  

 
Coming up: 
 

 DOREMUS instance matching track at IM@OAEI (ISWC 2016) in Kobe! 
 

 http://oaei.ontologymatching.org  



 
  

The DOREMUS Playground 

For those of you who would like to try all that out, check  
the DOREMUS Playground 

https://github.com/DOREMUS-ANR/doremus-playground 
 
You will find a folder containing: 
 
1) The dataset 1 (DS1: nine heterogeneities), composed of 
 
– the original MARC data of the BnF and the PP 
– the two datasets in RDF.  
– the reference file, containing the correspondences between the works 
– a correspondence between each pairs of works and their heterogeneity 
type 
 
2) Various SILK configuration files, each using different combinations of 
properties for the link discovery  
 
3) A “readme” document, explaining the rules and the aim of the game and 
containing useful links. 
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Explore the Data 

1. Input Data      2. Conversion to DOREMUS RDF    3. Data Linking      4. Explore the Data 



PREFIX mus: <http://data.doremus.org/ontology#> 
PREFIX cidoc: <http://www.cidoc-crm.org/cidoc-crm/> 
PREFIX frbroo: <http://erlangen-crm.org/efrbroo/> 
SELECT DISTINCT * 
WHERE { 
   ?x a frbroo:F22_Self-Contained_Expression ; 
      cidoc:P102_has_title ?title . 
   OPTIONAL{?x frbroo:R45i_was_assigned_by ?assigned .} 
   OPTIONAL{?x cidoc:P3_has_note ?note .} 
   OPTIONAL{?x mus:U13_has_intended_casting ?casting . 
       FILTER(!regex(?casting, "node")) } 
   OPTIONAL{?x mus:U12_has_genre ?genre . 
       FILTER isURI(?genre) } 
   OPTIONAL{ 
       ?x mus:U17_has_opus_statement ?opus . 
       OPTIONAL{?opus cidoc:P3_has_note ?opusNote .} 
       OPTIONAL{?opus cidoc:P106_is_composed_of ?opusComp .} 
       FILTER(bound(?opusComp) || bound(?opusNote)) } 
   OPTIONAL{?x mus:U10_has_order_number ?order .} 
   OPTIONAL{?x mus:U11_has_key ?key . 
           FILTER isURI(?key) 
   } 

SPARQL Query Example 
http://data.doremus.org/sparql  



OVERTURE 

Ontology-driVen Exploration and 
Recommendation of mUsical Records 

http://overture.doremus.org/ 
http://github.org/DOREMUS-ANR/overture/  
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  Thanks for listening 


