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All began in late 
2007

- 2 Research 
Projects

- 8 Information 
Extraction 
Pipelines

- 3 Languages 
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“

Develop new methods for linking digital archive 
databases, vocabularies and the associated grey 
literature, exploiting the potential of a high level, 
core ontology and natural language processing 

techniques
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Semantic Technologies for Archaeological Resources

AHRC Funded Project; 2007-2010, £222,139
http://hypermedia.research.southwales.ac.uk/kos/star/



Semantic
Indexing

Interoperable metadata generation of semantic attributes 
for supporting information retrieval and cross searching 
of archaeological Archaeology Grey Literature (fieldwork 
reports) with respect to a given ontology and 
terminology (CIDOC-CRM, SKOSified Vocabularies)
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STAR Architecture
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Archaeological 
Grey Literature

Reflect different stages of a fieldwork project worth 
recording and disseminating information about, such as 
watching briefs, excavation, evaluation, survey reports 
and related artefact and ecofact analysis
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“

WWW offers the opportunity to improve 
archaeological practice, not only by enabling access 

to information but also by changing how information 
is structured and the way research is conducted 

(Falkingham, 2005)
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Unlocking the Potential of Grey Literature

Online AccesS to the Index of archaeological investigationS (OASIS)
http://oasis.ac.uk



Information Extraction 
for Semantic Indexing

A Rule–Based & KOS Driven Method
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Semantic Indexing, NLP Framework
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Java Pattern Engine

Grey Literature Corpus

Thesauri and Glossaries

Ontology ISO



NLP for Semantic Indexing

◎Rule-Based Information Extraction (IE)
○ IE a text analysis task
◉ Extraction of targeted information from context
◉ Turning unstructured text to structured data

○ Rules:  Java Annotation Pattern Engine
◉ Input from generic NLP (eg Tokenizer, POS)
◉ Input from controlled vocabulary
◉ Linguistic patterns

◎Why not Machine Learning?
○ Lack of training corpus
○ Availability of domain vocabulary
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NLP for Semantic Indexing

◎Knowledge Organization Systems Driven
○ Domain Thesauri and Glossaries
◉ Terminology and Coverage
◉ SKOSified Resources 
◉ Well-defined Semantics 

○ Conceptual Framework - Ontology
◉ CIDOC-CRM (ISO standard ontology in CH)
◉ Upper-level (Abstract Concepts)
◉ Properties and Relationships

◎ Interoperable Output
○ Conceptual Level: Ontological Coherence (CIDOC-CRM, SKOS)
○ Technology Level: Standard Semantic Web (RDF, SPARQL)
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NLP Pipelines
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o STAR  OPTIMA (EN)  
o Ariadne NER  (EN, NL, SE)
o Ariadne Dendrochronology (EN, NL, SE) 
o Ariadne Numismatic (EN)



NLP – Pipeline Focus

Named Entity Recognition
Classify named entity 
mentions in unstructured 
text into predefined 
categories (NER)

Relation Extraction
Identifying the links between 
Named Entities and deciding 
which ones are meaningful 
(RE)

14



OPTIMA Pipeline

◎Focus on NER and ER

◎Contributed to the STAR Project

◎English
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E19 Physical Object

E49 Time Appellation

E53 Place

E57 Material

e.g. arrowhead, small stones, pottery, bowl, coin, flint 
flake

e.g. roman, medieval, 15th century, early to mid 18th 
century

e.g. deposit, pit, foundation, cut, wall

e.g. pottery, glass, clay, bowl, copper alloy, charcoal



OPTIMA Named Entity Recognition
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OPTIMA Relation Extraction

Relation between archaeological context (place) 
and time
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EHE1001.ContextEvent

EHE1002.ContextFindProductionEvent Relation between find (object) and time



OPTIMA Relation Extraction

Relation between find (object) and 
archaeological context (place)
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Relation between find (object) and material

EHE1004.ContextFindDepositionEvent

P45.consists_of



OPTIMA Relation Extraction
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ARIADNE – NER Pipelines
Languages
• English, Dutch, Swedish
Focus
• Context (archaeological)
• Place (spatial)
• Object (find)
• Monument (building)
• Material
• Time
KOS
• Historic England (Heritage Data 

Thesauri)
• Cultural Heritage Agency of the 

Netherland (Erfgoed Thesaurus)
• Swedish National Data Service 

(Glossaries)
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GATEfication of 
KOS Resources

Design and transformation options for translating the 
original resources (SKOSified RDF files) into GATE 
friendly OWL--Lite structures capable of supporting the 
NER matching mechanism for the Information Extraction 
pipeline
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GATEfication – View of Ontology
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English– NER
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Dutch – NER
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Swedish NER
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ARIADNE Dendrochronology Pipelines
Languages
• English, Dutch, Swedish
Aim
• Extract entities and rich sentences 

relating to dendrochronology 
analysis and discourse     

Focus
• Architectural Objects
• Date – Time Appellations
• Sample
• Wood Material

• Types (oak, mahogany)
• Products (lumber, plywood)

KOS
• Getty AAT

• Architectural Elements 
• Wood and Wood Products
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Dendrochronology Pipeline
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◎Sentence Weighting
○ 100 : (Architectural Object + Wood Material + Date)
○ 60 :   (Any two of above entities)
○ 30 :   (Any of the above entities)
○ Sample phrase (mentioning sampling activity)

Wood Arch.Element

Date 100 
Sentence



Dendrochronology Pipeline



ARIADNE Numismatic Pipeline
Languages
• English
Aim
• Extract entities and relationships 

between coin, material and date
Focus
• Objects - Coins
• Date – Time Appellations
• Material
KOS
• Nomisma Ontology

• Object Types
• Denomination
• Material

• Historic England
• Period Thesaurus
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Coin Pipeline
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◎Focused NER
○ Coin instances, Material, and Dates

◎Focused Relation Extraction
○ OPTIMA – Production-Event Rules
○ OPTIMA – Consists-of Rules

Object Date

Relation



Coin Pipeline



Challenges and 
Solutions
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o Vocabulary Use and Coverage
oNegation Detection
oWord Sense Disambiguation
oMultilingual



Vocabulary Use and Coverage
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◎Vocabulary is critical
○ Domain Oriented 
◉ Thesauri, Glossaries, Flat Lists
◉ Entries of Non NLP relevance 

e.g. descriptive <Material By Form>
coupled entries “term/term2/term3”

◎Vocabulary Alignment
○ Align to entities of interest
○ Whole Structure or a Subset 

◎Vocabulary Coverage
○ Non included concepts
○ How much to use of the available 

vocabulary  ?



Semantic Expansion
Controlled synonym and hierarchical
relationships expansion
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No Expansion: does not make use of 
the semantic expansion mechanism

Synonym: of the glossary terms 
located in the thesauri 

Hyponym:  synonym and narrower 
term relationships

Hypernym: broader terms and 
narrower terms and synonyms

All Available: glossary and 
thesaurus terms

pit

pit, hole, cavity

pit, hole, cavity, ash pit, 
fire pit, latrine pit, slag pit 

pit, hole, cavity, ash pit, fire pit, latrine 
pit, slag pit, hearth, posthole, site, buried 
landscape, impact crater, ..



Semantic Expansion – Evaluation
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material
place
time appellation
physical object



Negation Detection
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◎Negation: is an integral part of any natural 
language system that enables users to
○ communicate erroneous messages
○ the truth value of a proposition 
○ contradictions 
○ irony and sarcasm

◎Being able to distinguish negative assertions in 
context is highly desirable
○ For research and analysis of facts, IR systems.
○ In archaeology appreciation and understanding of 

negated facts is equally important as the interpretation 
of positive findings.



Negation Detection
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◎ “No traces of a Roman settlement have been discovered in the area” 

◎ “absence of any datable small finds or artefacts”

◎ “wares such as tea bowl are particularly unlikely to exist”



Negation Limitations

◎Negated cases removed from indexing

◎Need to be able to model negative assertions
○ Ontologies do not clearly address negation

◎Potential Pathways
○ Integrated Argumentation Model
◉ factual argumentation in a broader epistemological sense
◉ may be too complex for IR purposes

○ Introduce a has_sense property (positive or negative)
◉ Significant increase on the chain of triples

○ A Negative print (anti-matter) for all ontology classes
◉ Will double the size of an ontology
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Word Sense Disambiguation

◎Polysemy: same word can carry multiple meanings 
(senses)  e.g “mouse” 
○ CIDOC CRM ontology for driving the NER brought a 

specific form of polysemy, which is inflicted by the 
definition of ontology classes.
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Brick

Bone

Pottery

Wood Glass

Flint

Brick

Mortar

SlateTile

Material Object



Word Sense Disambiguation

◎Word pair cases
○ Left part of the pair as material and the right part as 

physical object based on the empirical use of English
e.g. “pottery fragment”, “plaster tile”

◎Concatenate pattern rules
○ assumption that co-ordinating concatenations join terms 

of the same kind
e.g. “plaster and brick”

◎ Syntactical pattern rules
○ a determiner preceding an ambiguous term or use of the 

“made of” clause
e.g. “artefacts made of wood” “the Iron Age pottery”
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Word Sense Disambiguation
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Multilingual – Dutch and Swedish
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◎Compound Nouns: A common linguistic behaviour where words 
are joined together to make a new word.
○ fornlämningsområdet (SE Archaeological Place)
○ aardewerkfragment (NL pottery fragment) 

◎Whole word matching limitation

◎Part word matching prone to false positive and noise

◎ Several Annotation Span Options
○ a single span annotation (aardewerkfragment) associated with two 

SKOS
○ two separate annotations each associated with a SKOS reference
○ three annotations, two separate annotations (as above) and a third for 

the whole span annotated as “P45.consists_of” property



In Conclusion

Rule-based, KOS Driven Information Extraction is 
capable of delivering indexes of semantic attributes,  
carrying terminological and ontological qualities which 
can be expressed in interoperable formats for the 
purposes of information retrieval. 
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Thanks!
Any questions?

You can find me at:
a.vlachidis@ucl.ac.uk
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Evaluation
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o Gold Standard
o Inter Annotator Agreement
o Recall – Precision – F Measure



Building the Gold Standard
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◎ADS - 12 archaeology experts
○ Staff
○ Post-graduate students

◎Each document Annotated by two different annotators 

◎Six composite documents
○ 10  individual summary 

passages per document
○ 250-300 words each summary

◎ Inter Annotator Agreement 
○ 60% -74% 

◎Super Annotator - Reconciliation



Precision and Recall
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Evaluation Result
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Recall Precision F1

No Expansion 0.65 0.78 0.70

Synonym 0.72 0.80 0.76

Hyponym 0.76 0.80 0.78

Hypernym 0.87 0.78 0.82

All Available 0.88 0.73 0.79



Using the IE Output
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◎The STAR demonstrator
○ Making use of the decoupled RDF files
○ Cross searching between grey literature and datasets
○ A SPARQL engine supports the semantic search

◎ Semantic Search Examples
○ Context of type X containing Find of type Y“hearth” containing “coin”,
○ Context Find of type X within Context of type Y  “Animal Remains” within “pit”.


