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We introduce this work, motivate its importance, and present our claims 



Data Int. journal paper authors - https://bit.ly/3kG6iDi 
SABBIR RASHID

HENRIQUE SANTOS

MARCELLO BAX

DEBORAH MCGUINNESS

JAMIE MCCUSKER

JEANETTE STINGONE

PAULO PINHEIRO

AMAR DAS

https://bit.ly/3kG6iDi


A data dictionary is a 
“centralized repository of 
information about data 
such as meaning, 
relationships to other 
data, origin, usage, and 
format” [IBM, 1993]



DATA DICTIONARIES

LIMITATIONS

● Ambiguity
● Standard adherence
● Human consumption

SEMANTIC 
IMPROVEMENTS

● Semantic technology usage
● Implicit concept annotation

● Provenance incorporation



MOTIVATION

● Annotate data from various domains
● Harmonize data from multiple sources

● Understand the data



ABSTRACTION
Presents a level of 

abstraction over mapping 
language-based approaches

F . A . I . R .
Resulting model is 

Findable, Accessible, 
Interoperable, and 

Reusable

CLAIMS

Semantic Data Dictionary
An approach for annotating and 

transforming data

ADDRESSES 
LIMITATIONS
Addresses limitations 

of traditional data 
dictionaries
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We review literature related to traditional data 
dictionaries, data integration, mapping 

languages, and semantic ETL



TRADITIONAL DATA DICTIONARIES
LIMATIONS

● Data dictionaries mentioned in patents [Haskell et al., 2009, Lau et al., 
2002, Apacible et al., 2013]

● Stony Brook Data Governance Council (https://bit.ly/3oD4g90)
● The Open Science Framework (https://bit.ly/35EPupT)
● Biosystematic Database of World Diptera [Thompson, 1999]
● Project Open Data Metadata Schema (https://bit.ly/3oCYTqr)

● Minimal incorporation of semantics
● Object and relation elicitation not 

permitted
● Domain-specific
● Not machine-readable
● Lack of a formal creation standard

https://bit.ly/3oD4g90
https://bit.ly/35EPupT
https://bit.ly/3oCYTqr


DATA INTEGRATION

● Techniques that utilize data from multiple sources to construct a 
unified view of the combined data [Lenzerini, 2002]

● The Semantic Web Integration Tool (SWIT) [del Carmen Legaz-Garcıa 
et al., 2016]

● RDF-Gen [Santipantakis et al., 2018]
● DataOps [Pinkel et al., 2015]
● OpenRefine [Ham, 2013]

LIMATIONS
● Not all tools are open source
● Some require knowledge of mapping languages
● Difficulties with subset selection, cell-based operations, dataset 

merging
● Not all tools allow object elicitation
● Some difficulties associated with adoption



MAPPING LANGUAGES

● Typically used to convert a relational database (RDB), tabular 
file, or hierarchical structure to an RDF format

● RDB to RDF Mapping Language (R2RML) [Arenas et al., 2012]
● RDF Mapping Language (RML) [Dimou et al., 2014]
● xR2RML [Michel et al., 2015]
● KR2RML [Slepicka et al., 2015]
● Karma [Knoblock and Szekely, 2015]
● Sparqlification Mapping Language (SML) [Stadler et al., 2015]
● RDB2OWL [Cerans and Bumans, 2011]

https://www.w3.org/TR/r2rml/ 

https://www.w3.org/TR/r2rml/


SEMANTIC EXTRACT, TRANSFORM, AND LOAD (ETL)
● (ETL) operations refer to processes that read data from a source database, 

convert the data into another format, and write the data into a target database

● LinkedPipes ETL (LP-ETL) [Klımek et al., 2016]
● Semantic Extract, Transform, and Load-er (SETLr) [McCusker et al., 2018]
● Eureka!  Clinical Analytics [Post et al., 2013]
● Linked Data Integration Framework (LDIF) [Schultz et al., 2011] https://etl.linkedpipes.com/ 

https://etl.linkedpipes.com/


SEMANTIC DATA DICTIONARY
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We present the various components 
included in the Semantic Data 

Dictionary specification



SEMANTIC DATA DICTIONARY 
SPECIFICATION

INFOSHEET
Contains links to the 
other specifications

DICTIONARY 
MAPPING

Used to annotate the 
columns of a dataset

CODEBOOK
Used to annotate  

coded values

CODE MAPPING
Used to encode shortcut 

notations
(See https://bit.ly/2HLydmK)

TIMELINE
Used for complex 

temporal mappings

PROPERTIES
Used to customize 
the properties used 
during the mapping 

process

 METADATA 
SUPPLEMENT
Includes metadata 
about the Semantic 

Data Dictionary or the 
associated dataset

https://bit.ly/2HLydmK


INFOSHEET

SPECIFICATION

METADATA 
SUPPLEMENT

● Data on the Web Best Practices
○ https://www.w3.org/TR/dwbp/

● Semantic Web Health Care and Life Sciences
○ https://www.w3.org/TR/hcls-dataset/ 

https://www.w3.org/TR/dwbp/
https://www.w3.org/TR/hcls-dataset/


DICTIONARY MAPPING

SPECIFICATION

DIAGRAM



DICTIONARY MAPPING FORMALISM



CODEBOOK

SPECIFICATION

FORMALISM

DIAGRAM



TIMELINE

FORMALISM

SPECIFICATION

DIAGRAM



PROPERTIES SPECIFICATION



MODELLING APPROACHES
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We discuss some modeling strategies 
and provide some examples to help 
illustrate this work



SEMANTIC 
SCIENTIFIC 
WORKFLOW



ONTOLOGY ENGINEERING

● Collect relevant ontologies
○ http://www.ontobee.org/ 
○ https://bioportal.bioontology.org/

SUPPORTING ONTOLOGY

CLASS SELECTION

● What if concepts used to annotate dataset does 
not exist in an ontology? 

○ Create concept map
○ Engineer a supporting ontology

■ Protege
● https://protege.stanford.edu/ 

○ Manual  vs.  automated  approaches 

http://www.ontobee.org/
https://bioportal.bioontology.org/
https://protege.stanford.edu/


KNOWLEDGE GRAPH GENERATION

● https://github.com/tetherless-world/SemanticDataDictionary 
○ sdd2rdf 
○ sdd2setl

● https://github.com/tetherless-world/whyis 

● Will cover this in the tutorial!

● Loading of KG into a triplestore
● Querying the resulting Graph

https://github.com/tetherless-world/SemanticDataDictionary
https://github.com/tetherless-world/whyis


INFOSHEET EXAMPLE



DICTIONARY MAPPING EXAMPLE

IMPLICIT ENTRIES
EXPLICIT ENTRIES



CODEBOOK EXAMPLE



REPRESENTATION



REPRESENTATION

https://bit.ly/2HJ3iHD 
http://cs.rpi.edu/~rashis2/ont/mimic/mimic-adm.ttl 

https://bit.ly/2HJ3iHD
http://cs.rpi.edu/~rashis2/ont/mimic/mimic-adm.ttl


CHALLENGES
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We discuss some challenges faced by 
domain scientists when creating their of 
Semantic Data Dictionaries



EXPERIMENTAL SETUP

● Domain scientists were presented with initial training
○ Epidemiologists and biostatisticians

● Supporting materials were developed in collaboration with a domain expert
○ Were made available to provide guidance and examples

● A template for completing the Semantic Data Dictionary was provided
○ Included pre-populated fields for common demographic concepts

■ Such as age, race, and gender
● A help document was created that included instructions and representations of more 

complex concepts
○ Measurements of environmental samples
○ Measurements of biological samples
○ Measurements taken at specific time-points

● A practical workshop was held
○ A semantic scientist provided training in semantic representation to the domain 

scientists
● Domain scientists completed at least one Semantic Data Dictionary for an epidemiologic 

study



CHALLENGES

● Domain scientists had representation difficulties 
○ Complex ideas (e.g. fasting blood glucose levels)
○ Implicit concepts

■ Uncommon representation in the public health domain
■ Not necessarily intuitive

○ Time associations
● Determining best ontology term for annotation was not always clear

○ What if a term was not found in a supporting ontology?
■ Best way to represent concept in a semantically appropriate way
■ What other ontologies should be used?

● Requirement for user to have some domain & ontology knowledge
● Currently only supports annotation of tabular data
● Annotation process is mostly manual
● Documentation and tutorials can be improved



CONCLUSIONS
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Thanks for listening!



CLOSING COMMENTS

Semantic Data Dictionaries 
address many of the 
limitations of the prior work -- 
thus, this work helps advance 
the state-of-the-art The SDD approach follows 

Semantic Web standards and 
results in artifacts that are 

findable, accessible, 
interoperable, and reusable



RESOURCES

● whyis - https://github.com/tetherless-world/whyis 
● HADatAc - https://github.com/paulopinheiro1234/hadatac 
● sdd2rdf - https://github.com/tetherless-world/SemanticDataDictionary 
● Documentation - https://tetherless-world.github.io/sdd/ 
● Annotated resource examples - https://github.com/tetherless-world/sdd/tree/master/sdd_resources 
● Journal Paper - https://bit.ly/3kG6iDi 

https://github.com/tetherless-world/whyis
https://github.com/paulopinheiro1234/hadatac
https://github.com/tetherless-world/SemanticDataDictionary
https://tetherless-world.github.io/sdd/
https://github.com/tetherless-world/sdd/tree/master/sdd_resources
https://bit.ly/3kG6iDi
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