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Background

● What did we set out to achieve and why is this 
important?

● What have we delivered?
● Purpose of today's session

– Pilot findings (Gabriel Hanganu)
– Introduction to Linked Data (Kevin Page)
– Integration principles (Athanasios Velios)
– OXLOD workflow (Athanasios Velios, Andrew 

Morrison, Sarah Joomun and Chris Powell)
– OXLOD demo (Athanasios Velios)



OXLOD Pilot findings



OXLOD pilot

 Limited in scope, time, resources
 Aim: explore if Linked Data can bring 

significant benefits to GLAM



Delivered



OXLOD in numbers

 13,280,376 records (triples)
 40,869 words of documentation text
 325 minutes of workshop videos
 63 workshop participants
 26 datasets
 10 workshops



GLAM benefits

 Better data
 Structured data

 Enriched data

 Better research
 Cross-search

 Discovery

 More effective collection data management

 Stronger GLAM community
 Open workshops, knowledge base

 Knowledge transfer, capacity building 



Representing knowledge on the Web 
using Linked Data
a 10 minute introduction

(The Semantic Web and Why You Should Care)

Kevin Page
University of Oxford e-Research Centre

OXLOD final workshop, October 2018
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When knowledge has been generated, we should capitalise on its 
value by

– capturing it

– publishing it

– using it

– linking it

– re-using and building upon it (“unintentionally”?)

Why we should care
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What is the Semantic Web?

● The web is the largest and most 
successful distributed system ever 
constructed

● But it is a Web of Documents

“This machine is a server – DO NOT POWER IT DOWN!!”

The Semantic Web is the effort 
to create the equivalent 

Web of Data



● Semantic Web activities 
have been baking since 
the late 1990s

● The infamous layer cake 
has evolved

● Linked Data is a more 
recent movement...

There are two 
words in

 
Semantic Web

Both are 
important!



http://lod-cloud.net/
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SW vs. LD vs. LOD vs. OD

● The World Wide Web Consortium (W3C) Semantic Web activities 

and standards define underlying technologies

● Data can be Open, without being Linked – Open Data

● Data can be Linked, without being Open – Linked Data

● Data can be both Open and Linked – Linked Open Data

● Underlying technologies can support any combination – which 

combination is a matter of policy
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The fundamental building block of Linked Data is RDF

Subject Object
Predicate

That's it.

An RDF “triple”

(RDF is the Resource Description Framework)



15

“Triples” of information, linked and expanding to the scale of the Web

John 
Tradescant

Botanist

London

Meopham Kent

England

Musæum 
Tradescantianum

A collection of 
rarities.

born in

lived in

lived in

occupation

lies within

county of

capital of

wrote

published in

sold in

Book

Is a
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Subject Object
Predicate

That's not quite it.

Universal Resource Identifiers
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Universal Resource Identifiers

wrote Musæum
Tradescantianum

John
Tradescant
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Universal Resource Identifiers

wrote Musæum
Tradescantianum

John
Tradescant

http://viaf.org/viaf/42620183

http://schema.org/author

http://worldcat.org/entity/work/id/287760377
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Universal Resource Identifiers

http://
viaf.org/viaf/
42620183

http://
worldcat.org/
entity/work/id/
287760377

http://schema.org/author

That's really it.
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Linked Data considerations

• The previous example was very simplistic

–The combination of many specialised fields of knowledge will form 

a large and complex web

• Linked Data is about making associations between information with 

common meaning (semantics) where that is agreed upon

–Not (necessarily) about forcing common meanings across 

information

• Linked Data is a framework for scalable semantic interoperability of 

digital information. It does not mandate use of specific semantics, 

only standardises the technical medium through which to link
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Ontologies and simultaneous contexts

We encode and share our specialised meanings through ontologies.

RDF, as a standard, is adaptable, and can accommodate multiple 

simultaneous contexts (perspectives, specialisms, community practices)

Nurmikko-Fuller, T., Page, K. et al. “Building Complex Research Collections in Digital Libraries: A Survey of Ontology Implications”
ACM/IEEE Joint Conference on Digital Libraries (2015)



Integration



Larger sample →Larger sample →
Better conclusionsBetter conclusions

Data integrationData integration



author collector maker artist person owner



author collector maker artist person owner



Actor
or simply E39

author collector maker artist person owner



Actor
or simply E39

author collector maker artist person owner

ontology



Ontology

● Provides properties to link entities
– CIDOC-CRM
– heritage ontology



E7 Activity
P16 used specific object

E70 Thing
E39 Actor

P11 had participant

E53 Place
P7 took place at

E52 Time-Span
P4 has time-span



Activity

ThingActor

PlacesTime-span

Type Name (Appellation)
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f  
t y

p
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OXLOD
cross-searching demo





Pre OXLOD system



Pre-OXLOD system

GLAM contributors

Specialist librarian Collection data 
manager

Researcher / 
curator



Specialist librarian Collection data 
manager

Researcher / 
curator

Pre-OXLOD system

GLAM contributors



Pre-OXLOD:
free-text search

interface



Pre-OXLOD:
free-text search

interface



Pre-OXLOD:
incomplete

results
(no photo)



Pre-OXLOD:
keyword

search



Pre-OXLOD:
more results





Pre-OXLOD system: step 1



Pre-OXLOD system: step 2



Pre-OXLOD system: step 3



Pre-OXLOD system: step 4



Pre-OXLOD system: step 5



Pre-OXLOD system: step 6



Pre-OXLOD system: step 7



Pre-OXLOD system: step 8



Pre-OXLOD:
adding a

second record



Pre-OXLOD: repeat all steps



Pre-OXLOD: repeat all steps



Current system: repeat all steps



Pre-OXLOD: repeat all steps



Pre-OXLOD: repeat all steps



Pre-OXLOD: repeat all steps



+

Pre-OXLOD:
added two

records from
MHS



Pre-OXLOD:
to search across

collections
each step needs
to be repeated











+ +

Pre-OXLOD:
added one

record from
the Ashmolean





+ + +

Pre-OXLOD:
added

records from
MNH





+ + +

++

Pre-OXLOD:
added

records from
the Pitt Rivers



Specialist librarian Collection data 
manager

Researcher / 
curator

Pre-OXLOD system

GLAM contributors











+ + +

+ ++

Pre-OXLOD:
added

references from
the Bodleian



+ + +

+ ++

...
Pre-OXLOD:

jade (mineral)
not featured

here



Specialist librarian Collection data 
manager

Researcher / 
curator

Pre-OXLOD system

GLAM contributors



Pre-OXLOD summary

● No means of searching across GLAM datasets
● Results from different collections are difficult 

to compare
● Data manager's effort will need to be 

repeated for future exhibitions/projects



OXLOD taster
replay of

GLAM jade exhibition



OXLOD:
'structured

data' enables
accurate/deep search

across collections



OXLOD:
'structured

data' in GLAM



Specialist librarian Collection data 
manager

Researcher / 
curator

Current system

GLAM contributors



OXLOD:
one-step

download



Pre-OXLOD: 8 steps per result. OXLOD: 1 step for all.



Pre-OXLOD: 8 steps per result. OXLOD: 1 step for all.



OXLOD architecture



Base system

PowerEdge R640

Operating system

Web server

Triple store



Base system

PowerEdge R640

Operating system

Web server

Triple store



Base system

PowerEdge R640

Operating system

Web server

Triple store Triple browsers - SPARQL

RDF Visualizer



Workflow
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Export formats

● Allegro – key, value pairs in blocks
● BRAHMS – CSV
● EMu – XML
● MuseumPlus – SQL Server
● Bodleian MSs – Text Encoding Initiative XML
● FileMaker – CSV, XML
● MS Excel – CSV
● ...
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Mapping - 3M
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Pre-processing

● Separate lookup fields from other data



Pre-processing

● Separate lookup fields from other data
● Specific to the dataset
● Often requires programming

– parsing records



Inconsistent input

● 01/1976

● 01/09/1993

● 02 October 2013

● 02/1983

● 1974

● 1998?

● 1999 - 2000

● 1999-2000

● 28.01.15

● 30/11 - 01/12/1991

● February 1983

● mid 20th century

● c. 1950

● 2nd half of 20th century

● early 19th century

● before 1880

● post 1910

● pre 1790
<date>
  <from>19510101T00:00:00</from>
  <to>20001231T23:59:59</to>
</date>



Pre-processing

● Separate lookup fields from other data
● Specific to the dataset
● Often requires programming

– parsing records
– locating/creating identifers



Pre-processing

● Separate lookup fields from other data
● Specific to the dataset
● Often requires programming

– parsing records
– locating/creating identifers



http://jameelcentre.ashmolean.org/object/EA1956.1578

strong (persistent)
identifier based
on accession no





http://.../stdavids|St David's

weak
identifier based

on text
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Pre-processing

● Separate lookup fields from other data
● Specific to the dataset
● Often requires programming

– parsing records
– locating/creating identifers

● Bash, AWK, Python, XQuery, XSLT



Preprocessing records

Andrew Morrison
Software Engineer

Bodleian Digital Library Systems and Services



Chinese catalogue and medieval MSs

● Chinese catalogue
– Allegro

● Export in text format
– Records separate by 

blank lines
– Records mixed together, 

linked by ad hoc methods 
– Fields identified by first 

three characters
– Subfields delimited by 

pipe symbols

● Medieval Manuscripts
– Text Encoding Initiative

● In XML format

– Emphasis on provenance
● Mapping Manuscript 

Migrations

– Local authority files
● Work titles
● Person names
● Places

Need converting into a suitable structure for mapping



Solution: XQuery

● Filter out data
– Administrative info, tracking barcodes, etc

● Keep data to share
– Titles, authors, publication dates and places, provenance, languages, 

subject classifications, identifiers

● Build XML export
– Separate records by type
– Normalize dates
– Manuscripts containing parts containing works
– Former owners linked to periods of provenance (where known)

● Identifiers
– Match countries and languages to Getty identifiers
– Build local URIs



Example of Allegro data



Example of resulting XML



Example of provenance in TEI



Example of resulting XML
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http://vocab.getty.edu/tgn/7008839



External authorities in OXLOD

● Virtual Authority Files (VIAF)
● International Plant Names Index (IPNI)
● Getty Thesauri

– Arts and Architecture Thesaurus (AAT)
– Thesaurus of Geographic Names (TGN)

● British Museum Thesaurus
● China Bibliographical Database (CBDB)
● China Historical Geographic Information System (CHGIS)
● Geonames
● Wikidata



Reconciling records

Sarah Joomun
Digital Collections Manager

Oxford University Museum of Natural History



coloured silk embroidery 
threads

silk http://vocab.getty.edu/aat/300014072
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or simply E39

author collector maker artist person owner







Mapping records

Chris Powell
Digital Collections Team

Ashmolean Museum



Regular tasks for the Digital Collections Team

• Improving the quantity and quality of data stored in the Collections 
Management System (CMS).

• Mapping legacy databases to the CMS.

• Devising appropriate schemes for transcribing and importing paper records.

• Measurable validation of data in the CMS.

• Turning down requests by other institutions for our data.



Relational Table data



Relational Table data



Export to XML



Describing column semantics: Mapping



Impact on tasks of the Digital Collections Team

In addition to gaining hands-on experience of the tools and techniques 
needed to publish LOD I have learned that:

• Mapping to CIDOC:CRM – retain source database structure (if 
normalised!)

• We should record the uri of reconciled data in our CMS (Getty).

• Combining our data with that of other institutions in new ways 
becomes possible (BM/Egypt)

• LOD expands possibilities for collaborative research (BM).

• Meet external demands for transportable exports of our data.
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5min break



OXLOD live demo



OXLOD pilot
interface



OXLOD:
structured data

consistent
terminology

(above existing data)



OXLOD:
enriched data
e.g. links from
Ashmolean...



OXLOD:
enriched data

e.g. links to China
Bibliographical

Database
(Harvard)
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enriched data
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OXLOD:
enriched data

e.g. links to China
Bibliographical

Database
(Harvard)



OXLOD:
enriched data
e.g. links from
Ashmolean...



OXLOD:
enriched data

e.g. links to China
Historical GIS

(Harvard)



OXLOD:
faster search

links to
corresponding

types of objects



OXLOD:
cross-collection

linking to
Bodleian



OXLOD:
cross-collection

linking to
Bodleian



OXLOD:
cross-collection

linking to
Oxford Herbaria



OXLOD:
record of species

(type of item)



OXLOD:
record of
specimen



OXLOD:
efficiency

e.g. export links
work across
collections
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