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Outline

The Semantic Web
– what is it?
– how does it work?

Pulling Together Hybrid Data: RDB and Text

How Does All This Help?
– interoperability
– standards
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What is the Semantic Web?

• Aka Web of Data, Giant Global Graph, Web 3.0

• The “Document Web” connects HTML documents . . .

• . . . the Semantic Web connects RDF data nodes
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Tim Berners Lee on the Semantic Web
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http://www.youtube.com/watch?v=mVFY52CH6Bc&feature=related
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Web 3.0 vs Web 2.0
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What Does the Semantic Web Do?

• The Semantic Web is for machines to read

• Gather information and reason over it using rules
• travel bookings
• medical diagnosis
• “ambient intelligence”
• cultural tourism

• Underlying framework with numerous applications
• many of them benign ,
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The Giant Global Graph
(http://www.opte.org/maps/tests/)

Sun Nov 23 22:03:42 PST 2003 6
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It’s Triplets All The Way Down
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RDF – Resource Description Framework

• “Facts” expressed as subject–property–object triples:

• Resources: nodes or arcs (edges) with URIs

• Resource nodes can be subject – so can link triples together

• Literals (strings, numbers) can only be object
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RDF – Resource Description Framework

• “Facts” expressed as subject–property–object triples:

subject object
predicate

• Resources: nodes or arcs (edges) with URIs

• Resource nodes can be subject – so can link triples together

• Literals (strings, numbers) can only be object

"Dirleton Castle":Siteid#site1
:name

@prefix   :   <http://www.ltg.ed.ac.uk/tether/> .
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Relational Database to RDF Graph
RDB2RDF by “Table as Class; Column as Predicate” method

siteNo name

SITE

2

4
3 Drem Airfield

parish

DirletonDirleton Cottage
Dirleton
Dirleton

classification

military
military
residential

Jamie’s Neuk

Dirleton Castle Dirleton defence1

@prefix       :    <http://www.ltg.ed.ac.uk/tether/> .

@prefix   rdf: <http://www.w3.org/1999/02/22−rdf−syntax−ns#> .

@prefix rdfs:  <http://www.w3.org/2000/01/rdf−schema#> .

rdfs:Class

:site

rdf:type

rdf:type

"Dirleton Castle"
:name

"1"

:SiteNo

"Dirleton"

:parish"defence"

:classification
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RDB2RDF Conversion

"Converting relational data to RDF is straightforward."
not
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RDB2RDF Conversion

not

"Converting relational data to RDF is straightforward."
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Some of the Pitfalls in RDB2RDF

1. Literals (strings) can’t be subject nodes – so use URIs – but:

• Photo description – ’#5: 6′′x4′′ neg, B&W’

http://www.ex.com/Pdesc#%235:%206%22x4%22%20neg%2C%20B%26W

2. Take care with URI generation:
• is http://www.example.com/place/edinburgh the same

resource as http://www.example.com/city/edinburgh?

3. Beware redundant RDF nodes where relational tables join
• 3 million redundant triples for my dataset

11



The Semantic Web Pulling Together How it helps

Some of the Pitfalls in RDB2RDF

1. Literals (strings) can’t be subject nodes – so use URIs – but:

• Photo description – ’#5: 6′′x4′′ neg, B&W’

http://www.ex.com/Pdesc#%235:%206%22x4%22%20neg%2C%20B%26W

2. Take care with URI generation:
• is http://www.example.com/place/edinburgh the same

resource as http://www.example.com/city/edinburgh?

3. Beware redundant RDF nodes where relational tables join
• 3 million redundant triples for my dataset

11



The Semantic Web Pulling Together How it helps

Some of the Pitfalls in RDB2RDF

1. Literals (strings) can’t be subject nodes – so use URIs – but:

• Photo description – ’#5: 6′′x4′′ neg, B&W’

http://www.ex.com/Pdesc#%235:%206%22x4%22%20neg%2C%20B%26W

2. Take care with URI generation:
• is http://www.example.com/place/edinburgh the same

resource as http://www.example.com/city/edinburgh?

3. Beware redundant RDF nodes where relational tables join
• 3 million redundant triples for my dataset

11



The Semantic Web Pulling Together How it helps

Some of the Pitfalls in RDB2RDF

1. Literals (strings) can’t be subject nodes – so use URIs – but:

• Photo description – ’#5: 6′′x4′′ neg, B&W’

http://www.ex.com/Pdesc#%235:%206%22x4%22%20neg%2C%20B%26W

2. Take care with URI generation:
• is http://www.example.com/place/edinburgh the same

resource as http://www.example.com/city/edinburgh?

3. Beware redundant RDF nodes where relational tables join
• 3 million redundant triples for my dataset

11



The Semantic Web Pulling Together How it helps

The Semantic Web
– what is it?
– how does it work?

Pulling Together Hybrid Data: RDB and Text

How Does All This Help?
– interoperability
– standards

12



The Semantic Web Pulling Together How it helps

My Own Work – Tether

sfsjksjwjvssjkljljs sd’lajoen s
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jjlkjlj jljbjl skj ekw

txt2rdf
pipeline

database
Relational Published domain ontologies Text documents

of triples
Graph
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Data Collection from RCAHMS
The Royal Commission on the Ancient and Historical Monuments of Scotland

• Founded in February 1908

• http://www.rcahms.gov.uk/

• One of Scotland’s 6 National Collections

• The “memory keeper” for Scotland

• Mission –
• survey the built environment
• maintain a record of buildings and archaeological sites
• promote understanding of the material

Argyle St 40 years ago: http://www.rcahms.../canmore...arcnumlink=669215
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http://www.rcahms.gov.uk/
http://www.rcahms.gov.uk/pls/portal/canmore.newcandig_p_coll_details?p_arcnumlink=669215
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NLP – Text to RDF “Pipeline”

sentence
and para

split

POS tagtokenise

multi−word
tokens and

features trained NER
model

list of NEs
and

classes

remove
unwanted
relations

generate
triples

attach
siteids

trained RE
model

set of NE
pairs and
features

list of
relations

and classes

sfsjksjwjvssjkljljs sd’lajoen s

jjs kjdlk lksjlkj sks oihhg sk

jjlkjlj jljbjl skj ekw

RDF
translation

Graph
of triples

Pre−processing Named Entity Recognition

Relation Extraction

Text documents
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Named Entity Recognition – Machine Learning Method

1. Decide the Named Entity classes you want to find
• people, places, organisations, etc.

2. Annotate a set of training documents with NEs
• eg mark “Glasgow” as PLACE

3. Train a classifier to learn the important features
• the classifier builds a model of what NEs are like

4. Test the model against new documents
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RCAHMS Text with Named Entities Marked

16
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Relation Extraction

• Look for relationships between Named Entities
• site – hasLocation – place
• “Helliar Holm” – hasLocation – Shapinsay

• Method similar to NE step:

1. Decide what types of relation to look for
2. Mark relations in training documents
3. Train a classifier to spot key features of relations
4. Test on new documents

17



The Semantic Web Pulling Together How it helps

RCAHMS Text with Relations Marked
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Once We Have Relations...

• Examples of relations:
• “The Lofts” – hasLocation – Misbister
• “The Lofts” – hasEvent – recording
• recording – hasLocation – “ND 3342 8884”
• recording – hasPatient – “Sub-rectangular cairn”

• Looks familiar? subject – property – object triples

• Issues to deal with:
• fitting to a coherent RDF schema
• generating suitable URIs
• linking to database records
• normalising text strings
• weeding out useless relations

• End product? RDF graph
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Why Convert? – Interoperability

• Related information:
• NAS & GRO: births, deaths, marriages – Scotland’s People
• RCAHMS: sites from Neolithic to Now – Scotland’s Places
• NMS: excavation finds, cultural objects
• NLS: bibliographic material supporting all of it

• Interconnecting relational databases is hard:
• you need to know the schema in detail
• security issues
• complex networking protocols – not http
• whereas RDF was designed for data linking
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Dataset Linking in RDF

• Same resource node appears in two graphs? ie same URI
– graphs are automatically linked

Y

Y
Z

Z

X

X

X
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Why Convert? – Access to Standard Vocabularies

• “Of course we believe in standards...
...that’s why we have so many to choose from.”

• Vocabulary / Upper Ontology / Thesaurus

• Lots being developed in RDF
• VoCamp Galway 2008, 25th-26th Nov
• Linking Open Data on the Semantic Web

22

http://vocamp.org/wiki/VoCampGalway2008
http://esw.w3.org/topic/TaskForces/CommunityProjects/LinkingOpenData/CommonVocabularies
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Standard Vocabularies for Tether

• Monument Type Thesaurus and Object Type Thesaurus

• Will link in turn to CIDOC-CRM (European standard)

• Well-structured data; easy to convert to RDF

• Used SKOS schema (Simple Knowledge Organisation System)

• Classification terms found in text automatically grounded

• Example: site123 – hasClassn – “chambered cairn”
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Term Grounding in Tether

:Siteid#site123 :Classn/Sitetype#chambered+cairn

comprising a stone−built chamber
within a mound of stones."

"A Neolithic burial monument

skos:Concept

"CHAMBERED CAIRN"

:Classn/Sitetype/monument+%28by+form%29

:Classn/Sitetype/religious+ritual+and+funerary

:Classn/Sitetype#chambered+tomb

:Classn/Sitetype#burial+cairn

:Classn/Sitetype#ring+cairn

:Classn/Sitetype#tomb

:Classn/Sitetype#square+cairn

"Passage Grave"

"Heel Cairn"

"Stalled Cairn"

:Classn/Sitetype#passage+grave

:Classn/Sitetype#stalled+cairn

:Classn/Sitetype#heel+cairn

:hasClassn

skos:scopeNote
rdf:type

skos:prefLabel

monThes:topTerm

skos:broader

skos:related

skos:altLabel

monThes:prefTerm
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Term Grounding in Tether

:Siteid#site123 :Classn/Sitetype#chambered+cairn

:Classn/Sitetype#heel+cairn

"CHAMBERED CAIRN"

skos:Concept

comprising a stone−built chamber
within a mound of stones."

"A Neolithic burial monument

:Classn/Sitetype/religious+ritual+and+funerary

:Classn/Sitetype#burial+cairn

:Classn/Sitetype#chambered+tomb

:Classn/Sitetype#passage+grave

:Classn/Sitetype#stalled+cairn

:Classn/Sitetype#tomb
"Passage Grave""Stalled Cairn"

"Heel Cairn"

:Classn/Sitetype#ring+cairn

:Classn/Sitetype#square+cairn

:hasClassn

rdf:type

skos:prefLabel

skos:scopeNote

monThes:topTerm

skos:broader

skos:related

skos:altLabel

monThes:prefTerm

:Classn/Sitetype/monument+%28by+form%29
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Summary

• Need to expose data as RDF to join Semantic Web

• RDF design needs as much care as relational database design

• Tether system integrates text with relational data

• Potentially big gains for interoperability...

• ...and for grounding data against standard ontologies
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