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   Semantic Technologies and Linked Data 

Introduction 

 STELLAR – Semantic Technologies Enhancing 
Links and Linked Data for Archaeological 
Resources 

 12 month AHRC funded project, March 2010-
February 2011 

 Tools to assist in the production of Linked Data 
from archaeological datasets 

 Linked Data implemented using Resource 
Description Framework (RDF) 

 Made available via Archaeology Data Service 
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Resource Description Framework (RDF) – quick primer 

[subject] [object] 
[predicate] 

RDF triples consist of subject  predicate  object: 
 
 
 
 
The object of one triple may be the subject of another, forming a chain: 
 
 Digital Past 2013  took place at   Shire Hall  is in  Monmouth 
 

Can then append additional information, forming a graph: 
 
Shire Hall  is a  Building 
Monmouth  is a Place 
Henry V  is a  Person 
Henry V  born in  Monmouth 

[Building] 
#shire-hall 

[Place] 
#monmouth 

is in 

[Person] 
#henry-v 

born_in 

[Event] 
#digital-past-2013 

took place at 
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RDF – using an ontological model (CIDOC CRM) 

BUT just a local idiosyncratic data model (Event, Place, born_in etc.) 
• How do we append information from elsewhere in a scalable manner? 
• How do we agree on meaning and structure for wider interoperability? 
• Conform to a common ontological model for structuring the known facts... 

• e.g. CIDOC Conceptual Reference Model (CRM) http://www.cidoc-crm.org/ 
 

[crm:E22_Man-Made_Object] 
#shire-hall 

[crm:E53_Place] 
#monmouth 

crm:P54_has_current_permanent_location 

(is_current_permanent_location_of) 

[crm: E21_Person] 
#henry-v 

[crm:E7_Activity] 
#digital-past-2013 

[crm:E67_Birth] 
#birth-of-henry-v 

crm:P98_brought_into_life 

(was_born) 

[crm: E21_Person] 
#mary-de-bohun crm:P96_by_mother 

(gave_birth) 

[crm: E21_Person] 
#henry-iv 

crm:P97_from_father 

(was_father_for) 

[crm:E22_Man-Made_Object] 
#monmouth-castle 

crm:P8_took_place_on_or_within 

(witnessed) 

crm:P54_has_current_permanent_location 

(witnessed) 

crm:P8_took_place_on_or_within 

(witnessed) 

[crm:E21_Person] 
#ceri-binding 

crm:P11_had_participant 

(participated_in) 

http://www.cidoc-crm.org/
http://www.cidoc-crm.org/
http://www.cidoc-crm.org/
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Linked Data 

 Making RDF data available via the web 

 Data expressed in RDF 

 Using (HTTP) URIs as names for things 

 When someone looks up a URI, provide useful 
information (including links to other things) 

 Does it work for cultural heritage...? Yes 

 http://data.ordnancesurvey.co.uk/ 

 http://collection.britishmuseum.org/ 

 http://data.archaeologydataservice.ac.uk/ 

 

http://data.ordnancesurvey.co.uk/
http://collection.britishmuseum.org/
http://data.archaeologydataservice.ac.uk/
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Archaeology Data Service (ADS) Linked Data 

http://data.archaeologydataservice.ac.uk/ 

http://data.archaeologydataservice.ac.uk/
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STELLAR outputs 

 Linked Data is a simple concept, implementation may be 
complicated by... 

 Conceptual modelling issues  
 Identifiers, co-reference, entities, relationships, inheritance, 

transitivity, versioning, controlled vocabularies 

 Initial data formats 
 Data cleansing, data mapping, interpretation, conversion 

 RDF/XML syntax  
 Brackets, tags, attributes, character encoding, namespaces, URIs 

 STELLAR produced tools to assist in managing 
complexity & maintaining consistency 

 ‘Templates’ containing placeholders, to generate 
predefined data patterns 
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STELLAR applications 

STELLAR.Console 

STELLAR.Web STELLAR.Win 
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import 

Database 

Internal template 

SQL query 
results 

SQL query 
results 

Delimited Data 

Data from file 

SQL query 
results 

User-defined  
template 

RDF data 

Other textual 
Data formats 

Data from file 

SQL commands 

STELLAR data conversions 
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// STELLAR template to write RDF header 

HEADER(options) ::= << 

<?xml version="1.0" encoding="UTF-8"?> 

<rdf:RDF      

     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 

     xmlns:crm="http://www.cidoc-crm.org/rdfs/cidoc-crm#"> 

>> 

 

// Template writes RDF entities and properties based on each data row; 

// $placeholder.value$ is replaced with the named field data at runtime 

RECORD(options,  data) ::= << 

 <crm:E53 rdf:about="#E53_$data.id$"> 

   <crm:P87F rdf:resource="#E44_$data.id$“/> 

  </crm:E53> 

 

  <crm:E44 rdf:about="#E44_$data.id$"> 

  <rdfs:label xml:lang="it">$data.name$</rdfs:label> 

   <crm:P87B rdf:resource="#E53_$data.id$“/> 

 </rdf:Description> 

>> 

 

// STELLAR template to write RDF footer – closure of header elements 

FOOTER(options) ::= "</rdf:RDF>" 

 

 

 

 

Using STELLAR templates to produce RDF 
•Templates are just text files. May be 
copied, edited, exchanged, disseminated. 
 
•XML/RDF syntax and namespace details 
are handled within the template. 
 
•User input is simple tabular delimited 
textual data with named fields, e.g.: 
 
id, name 
1, Bergamo 
2, Milano Centrale 
3, Bologna Centrale 
4, Prato Centrale 
 
•Predefined patterns of entities, 
properties and inverse properties are 
created by the template, data populates 
placeholders at runtime. 
 
•Output is consistent and repeatable. 
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context_id strat_lower_id 

123 456 

ecrm:P7_took_place_at 

ecrm:P120i_occurs_after 

crmeh:EHE1001_ContextEvent 
data:EHE1001_123 

ecrm:P7_took_place_at ecrm:P7i_witnessed 

crmeh:EHE1001_ContextEvent 
data:EHE1001_456 

ecrm:P7i_witnessed 

ecrm:P120_occurs_before 

crmeh:EHE0007_Context 
data:EHE0007_123 

crmeh:EHE0007_Context 
data:EHE0007_456 

Templates hide complexity 

Template output 

Template input 

Data modelled 

Stratigraphically 
below 

Stratigraphically 
above 

Intermediate entities, 
inverse properties and 
shortcuts all generated 
by the template 
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Pilot study – numismatic data 

 Data originating from 4 different collections: 

 National Museum of Wales (NMW) – Roman, Civil 
War & Tudor numismatic collections 

 National Museum of Science & Industry (NMSI) –
”Coins, Medals & Tokens” collection 

 Mapping data to CIDOC CRM 

 Extraction & conversion using STELLAR tools 

 Querying & visualisation 
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crm:E22_Man-Made_Object 

crm:P2_has_type 
(is type of) 

crm:E55_Type 

crm:P3_has_note 

Data fields mapped to CIDOC CRM Entities / Properties 

crm:P108_has_produced 
(was produced by) 

crm:E57_Material crm:P45_consists_of 
(is incorporated in) 

crm:E42_Identifier 

crm:P1_is_identified_by 
(identifies) 

crm:P128_carries  
(is carried by) 

crm:P43_has_dimension 
(is dimension of) 

crm:E12_Production 

crm:E53_Place 

crm:P7_took_place_at 
(witnessed) 

crm:E44_Place_Appellation 

crm:P87_is_identified_by 
(identifies) 

crm:E39_Actor 

crm:P14_carried_out_by 
(performed) 

crm:E52_Time-Span 

crm:P4_has_time-span 
(is time-span of) 

crm:E49_Time_Appellation 
crm:P78_is_identified_by 

(identifies) 

crm:E55_Type 

crm:P32_used_general_technique 
(was technique of) 

crm:E55_Type 

crm:P14.1_in_the_role_
of 

crm:E82_Actor_Appellation 

crm:P131_is_identified_by 
(identifies) 

crm:E55_Type 

crm:E58_Measurement_Unit 

crm:E54_Dimension 

crm:P2_has_type 
(is type of) 

crm:P91_has_unit 
(is unit of) 

crm:P90_has_value 

crm:E55_Type 

crm:E56_Language 

crm:E34_Inscription crm:P2_has_type 
(is type of) 

crm:P72_has_language 
(is language of) 

crm:E38_Image 

crm:P138_represents 
(has representation) 

crm:P126_employed 
(was employed in) 

crm:P3_has_note 

crm:E35_Title 

crm:P3_has_note 

[note | 
description] 

[transcription] 

[production note] 

[measurement 
value] 

crm:E55_Type 

dct:subject 

[material] 
rdfs:label 

[producer role] 
rdfs:label 

[production 
technique] 

rdfs:label 

[object name] 
rdfs:label 

[indexing term] 
rdfs:label 

[inscription 
language] 

rdfs:label 

[inscription type] 
rdfs:label 

[producer name] 

rdfs:label 

[title] rdfs:label 

[object number] rdfs:label 

[production place] 
rdfs:label 

[measurement 
unit] 

rdfs:label 

[measurement 
type] 

rdfs:label 

[production 
edate/ldate | period] 

rdfs:label 

crm:P1_is_identified_by 
(identifies) 

crm:E15_Identifier_Assignment 

crm:P140i_assigned_attribute_to 
(was attributed by) 

crm:P37_assigned 
(was assigned by) 

crm:E78_Collection 

crm:P46_is_composed_of 
(forms part of) 

[edate] [ldate] 

crm:P82b crm:P82a 

[production 
edate/ldate ] 

crm:P82_at_some
_time_within 
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Example of National Museum of Wales data  
in RDF, conforming to CIDOC CRM ontological model 

Data converted using STELLAR templates 
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Querying CRM properties with SPARQL 

type collection 

twopence NMW Civil War 

token SCM – Coins, Medals & Tokens 

turner/bodle NMW Civil War 

stirling NMW Civil War 

coin SCM – Coins, Medals & Tokens 

penny NMW Tudor 

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

PREFIX crm:  <http://erlangen-crm.org/101001/> 

PREFIX xsd:  <http://www.w3.org/2001/XMLSchema#> 

 

SELECT DISTINCT ?type ?collection WHERE { 

?x crm:P2_has_type [rdfs:label ?type]; 

   crm:P46i_forms_part_of ?collection; 

   crm:P45_consists_of [rdfs:label "copper"@en];    

   crm:P108i_was_produced_by  [crm:P4_has_time-span  

        [crm:P82a ?min_date ; crm:P82b ?max_date ] ] .  

FILTER(xsd:dateTime(?min_date) >= xsd:dateTime("1600-01-01T00:00:00") &&  

       xsd:dateTime(?max_date) < xsd:dateTime("1800-01-01T00:00:00")) . 

} 

 

Example cross-searching multiple datasets 
Types of objects made of copper, produced between 1600 and 1800 
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Visualising RDF – entities and properties 

(Object 52.194 from the NMW Tudor numismatics collection) 
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Summary 

 Overall process is complex, needs tools to 
improve consistency and repeatability 

Templates handle low level syntax and implement 
predefined patterns of data   

 improving consistency  

 reducing complexity  

 if only we can agree on the data patterns to use! 



   Semantic Technologies and Linked Data 

Next steps... The SENESCHAL Project 

 seneschal n. Historical the steward or 
major-domo of a medieval great house 

 Semantic ENrichment Enabling 
Sustainability of arCHAeological Links 

 12 month AHRC funded project. March 
2013 - February 2014 

 English Heritage controlled vocabularies  
online as (SKOS) Linked Data 

 Monument Types Thesaurus 

 Object Types Thesaurus 
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Interoperability 

 “The terminology of a subject is the key to 
interoperability” (John F. Sowa)  

 Interoperability requires more than just a 
common data model 

 Data compatibility occurs on 2 levels – semantic 
and syntactic. Ontologies / data structures deal 
with the semantic but not necessarily the 
syntactic. 

 “The CRM relies on existing syntactic interoperability 
and is concerned only with adding semantic 
interoperability” (CIDOC CRM documentation) 

 

 



   Semantic Technologies and Linked Data 

You say potato, I say tomato… 

 Multiple datasets, multiple organisations 

 Unification of data structures is possible, BUT… 

 Lack of interoperability – incompatible terminology hinders cross 
search 

 E.g. Get all the iron age post holes: 

 

Feature Period 

Post-hole IRON AGE 

Posthole |ron age 

POST HOLE Iron age? 

POSTHLOLE EARLY IRON AGE 

POST HOLE 
(POSSIBLE) 

250 BC 

POSTHOLES C 500-200 B.C. 

Solution: data cleansing and controlled vocabularies? 
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Deposit Colour Deposit Texture Deposit 

Compaction 

(Reddy) Brown 

9Reddy) brown 

Brown 

Brown red 

Brown/reddy 

Dark brown 

Dark brown/orange 

Dark grey brown 

Dark orange brown 

Dark orange brown 

with darker 

patches 

Dark orange loam 

Dark orange/brown 

Dark red brown 

Grey brown 

Grey/brown 

Light brown 

Light yellow brown 

Medium brown 

Mid brown 

Mid red brown 

Orange brown 

Orange/brown 

Orangy brown 

Orangy brown, very 

light brown on edges 

and sides of profile 

Red /brown 

Red brown 

Red/brown 

Reddish brown 

Reddy brown 

Varies 

Very light brown 

White 

Yellow brown 

Yellow/orange brown 

Firm 

Friable 

Friable to loose 

Friable/loose 

Friable-loose 

Loose 

Loose/friabe 

Loose/friable 

Plastic 

Sticky 

Sticky (wet) 

Sticky/firm 

Varies “…another of my examples has something about some flint that is 
‘snuff coloured’ & I don’t know if I’ve ever seen snuff, let alone 
know what colour it is, or might have been over 150 years ago, 
and I would think it would make sense to take some kind of 
integrated approach from the outset,….” [G. Carver] 

We do already have controlled vocabularies, however tension exists between being 
descriptive indexing vs. controlled indexing at point of data entry 

For data entry: Semi-controlled vocabularies represent a useful compromise between 
descriptive and controlled vocabulary, the best of both worlds.  

For data retrieval: The worst of all worlds? 

Semi-controlled vocabularies 



   Semantic Technologies and Linked Data 

Typical interoperability issues encountered 
 Simple spelling errors 

 POSTHLOLE”, “CESS PITT” 

 Alternate word forms 
 “BOUNDARY”/”BOUNDARIES”, “GULLEY”/”GULLIES”  

 Prefixes / suffixes 
 “RED HILL (POSSIBLE)”, “TRACKWAY (COBBLED)”, “CROFT?”, “CAIRN 

(POSSIBLE)”, “PORTAL DOLMEN (RE-ERECTED)” 

 Nested delimiters 
 “POTTERY, CERAMIC TILE, IRON OBJECTS, GLASS” 

 Terms not intended for indexing 
 “NONE”, “UNIDENTIFIED OBJECT”, “N/A”, “NA”, “INCOHERENT” 

 Terms that would not be in (any) thesauri 
 “WOTSITS PACKET”, “CHARLES 2ND COIN”, “ROMAN STRUCTURE POSSIBLY 

A VILLA“, “ST GUTHLACS BENEDICTINE PRIORY”, “WORCESTER-
BIRMINGHAM CANAL”, “KUNGLIGA SLOTTET”, “SUB-FOSSIL BEETLES” 

 More specific phrases 
 “SIDE WALL OF POT WITH LUG”, “BRICK-LINED INDUSTRIAL WELL OR MINE 

SHAFT”, “ALIGNMENT OF PLATFORMS AND STONES” 
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Solutions - SENESCHAL 

 Controlled vocabularies (again) 
 Commonly agreed concepts and terminology 
 Existing / new thesauri – community contributions? 

 Openness and availability 
 Licensing, web services, downloads, data formats 

 Alignment of existing data 
 Data cleansing tools 
 Alignment techniques 

 Alignment of new data 
 Interactive data entry tools 
 Validation at point of data entry  
 Rather than trying to solve the vocabulary problem, 

prevent it from happening in the first place  
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Visualisation - data distribution 
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Visualisation - TimeMap 

 TimeMap - Interactive 
temporal / geographical 
display 

 Combines Google Map 
and Simile Timeline 

 Displaying apparent mint 
activity based on coins 
from NMW Civil War 
collection 

 


