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Agenda

 What is linked data?
 Why linked data for libraries?
 Examples

 Linked data basics
 RDF triple, serialization, triplestore, 

SPARQL and vocabulary
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Semantic web and linked data

Linked data was coined in 
2006 by Tim Berners-Lee, 
the founder of the World 
Wide Web.

He advocated the idea of 
semantic web, in which 
resources (data) are 
published and linked on the 
Web according to a set of 
principles.

https://www.w3.org/DesignIssues/LinkedData.html

Linked data principles

 Use URIs as names for things

 Use HTTP URIs so that people 
can look up those names

 When someone looks up a 
URI, provide useful 
information, using the (web) 
standards (RDF, SPARQL)

 Include links to other URIs so 
that they can discover more 
things
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Linked data facilitates semantic inference

Given the following knowledge that is structured as 
linked data (each line is a triple):

:oxford :locatedIn :oxfordshire.
:oxfordshire :locatedIn :england.
:england :locatedIn :uk.

and a rule:
IF (:a :locatedIn :b) AND (:b locatedIn :c)
THEN (:a :locatedIn :c)

then machines can infer and generate the following new 
knowledge:

:oxford :locatedIn :england.
:oxford :locatedIn :uk.
:oxfordshire :locatedIn :uk.

Example from: https://docs.oxfordsemantic.tech/reasoning.html

Reasoning by inference

Oxford

Oxfordshire

located in

England

located in

located 
in

new knowledge
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Wikidata – an example of linked data

Wikidata is a huge dataset published as linked data on 
the Web. It is also known as Linked Open Data as it is 
openly accessible by anyone.

https://www.wikidata.org

An open, free, multilingual, structured, linked and collaborative knowledge base

5Example: Item of Stephen Hawking: <http://www.wikidata.org/entity/Q17714>



Aggregating and blending linked data

Data from linked 
data sources, such 
as Wikidata, can 
be aggregated to 
give new insights.

https://www.sls.org.hk:8443/ktdemo/ag/ag.php?qnum=q17714

Paul Diac - Nobel 
Prize in Physics 
(1933)

Ernest Rutherford - Nobel 
Prize in Chemistry (1908)

J. J. Thomson - Nobel Prize 
in Physics (1906)

John William Strutt - Nobel 
Prize in Physics (1904)

Archibald Hill - Nobel 
Prize in Physiology or 
Medicine (1922)
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Academic 
genealogy 
of Stephen 
Hawking



Aggregating and blending linked data [cont.]

Nobel Prize in Physics
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https://scholia.toolforge.org

https://scholia.toolforge.org/award/Q38104

Scholia – aggregates scholarly information in Wikidata



Aggregating and blending linked data [cont.]

EntiTree – an application that blends Wikidata content into its websites
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Example: Elizabeth II https://www.entitree.com/en/family_tree/Elizabeth_II



Google Knowledge Graph

Google maintains a 
database of linked 
(structured) data known as 
Knowledge Graph.

It serves content of 
knowledge panel and other 
rich results that are found in 
a Google Search Result 
Page.

knowledge 
panel (rich 
result)

rich result

Google search 
result page –
searching “winter 
solstice 2024”
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Linked data for Search Engine Optimization (SEO)
https://repository.hkust.edu.hk/ir/Record/1783.1-101451

Embed linked data in web page

Improve ranking and 
increase visibility
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Bibliographic presence in 
linked open data

Linked Open Data Cloud
https://lod-cloud.net/

Archive data

Name 
authority 

data

Library 
catalog

Subject 
terms

Research 
output data

Digital 
scholarship 

data

Researcher 
profiles

Bibliographic 
metadata ?

Any datasets in the library domain 
are present in the LOD cloud?
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Next generation of bibliographic metadata

OCLC Research Report

Smith-Yoshimura, Karen. 2020. Transitioning to the Next 
Generation of Metadata. Dublin, OH: OCLC Research. 
https://doi.org/10.25333/rqgd-b343.

Source: p.4 of the Report

Call for transition to linked data and identifiers
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MARC is linked data incapable!

• “MAchine Readable Catalog” –
defined in 1960s, originally meant 
for printing catalog cards by 
machines

• String-based; not structured; 
does not facilitate semantic 
inference

• No build-in linking capability of 
things in between records; nor 
within a record

• MARC data is not understandable 
in digital space outside of the 
library domain; and it is totally 
invisible in linked open data
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BIBFRAME ontology
 BIBFRAME (Bibliographic Framework) is developed by 

Library of Congress, with the intention to replace 
MARC.

 First draft was release in 2012. Momentum of adoption 
began catching up only after BIBFRAME 2.0 was 
released in 2016.

 Library of Congress has been cataloguing its own 
collections with BIBFRAME. Some American and 
European libraries are either testing it or in the early 
stage of implementation.

 Find out more from recent presentations:
 BIBFRAME Workshop in Europe 2024 

(https://www.bfwe.eu/helsinki_2024)
 BIBFRAME July 2024 Update Forum 

(https://www.loc.gov/bibframe/news/bibframe-update-
jul2024.html)

https://id.loc.gov/ontologies/bibframe.html 14



Bibliographic metadata in BIBFRAME linked data
https://www.sls.org.hk:8443/opac/lod/ABcS

rdf:type

bf:Text

slsdbw:ABcS

bf:Work

rdf:type bf:title

<>

rdf:type bf:Title

bf:contribution

<>

幾米

rdf:type
bf:Contribution

lcnaf:nr97011804

rdf:type

bf:Person

bf:agent

rdf:type

rdfs:label

bf:mainTitle

星空

bf:Agent

bf:role

rdf:type

bf:Role

lcvocab:relators/art
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SLS BIBFRAME Editor

Design principles

 Light-weight, simple, single-
page.

 Meant for library staff who 
may not have taken proper 
cataloging training.

https://www.sls.org.hk:8443/opac/edit/ABcS 16



Enrichment – blending knowledge cards in library catalog

https://www.sls.org.hk:8443/opac/bib/ABcS

Knowledge 
cards about 
subjects and 
names are 
generated by 
blending 
content from 
Wikidata

17



Library dedicated chatbot
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Hi chatbot,

I am reading this article (…) on quantum 
computing. Please find me ten other 
similar scholarly articles that I have 
permission to read.

Hi chatbot,

Can you find me some books about Alan 
Turing that I can borrow from my nearby
public library for reading in this weekend?

AI Reasoning

Generative AI
LLM (Large Language Model) facilitates natural language 
communication between library users and chatbot

Linked data facilitates information retrieval through inference

Library dedicated chatbot deploying linked data and large language model
to serve library users’ information needs



19

Linked data explained



RDF triple

A statement in English text (literal):

This statement has three parts – two things and 
a relationship connecting them

alice

bob

A thing (Person)

A relationship (Role)

A thing (Person)

Using triple to express a statement structurally 

alice

subject predicate

secretary of

secretary of

“Alice is a secretary of Bob”

It is difficult for computers to understand the semantics 
conveyed in an unstructured text string

Things – can by anything, such as people, places, concepts, 
events, etc. The relationship connecting things is also a thing!

Triple contains subject, predicate and object. It provides the 
semantics for computers.

bob

object
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RDF triple [cont.]

Subject, predicate and object of a triple are identified by URIs

NamespacePrefix

<http://example.com/person/>exp:

<http://example.com/vocab/>ex:

URI shortened 
by using prefix

URI

exp:alice<http://example.com/person/alice>Subject

ex:secretaryOf<http://example.com/vocab/secretaryOf>Predicate

exp:bob<http://example.com/person/bob>Object

alice

bob

secretary of

Triple defined in this way is known as RDF triple. Computer can look up the URI to obtain more description about the thing. 21



RDF triple [cont.]

Triple in URIs

Object can be an URI or a literal

This triple tells the computer that Alice’s full name is “Alice Liddell”, which is a literal (text in English)

A graph showing these two triples

exp:alice

ex:secretaryOf

Alice Liddell

exp:bob

ex:fullName

Subject
exp:alice ex:secretaryOf exp:bob

Predicate Object

Subject
exp:alice ex:fullName “Alice Liddell”

Predicate Object
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Semantic Web

Things in URIs and literals are linked within 
the same dataset, thus forming linked data.

Things can also be linked across multiple datasets 
forming “web of data”.

URIs are “understandable” by computers, resulting 
“semantic web”

The term “semantic web” was coined by Tim Berners-Lee, in 
1999. Berners-Lee is the inventor of World Wide Web.

Principles of publishing structured data on 
the Web - Tim Berners-Lee, 2006.

1. Use URIs as names for things

2. Use HTTP URIs so that people can look up 
those names.

3. When someone looks up a URI, provide 
useful information, using the standards 
(RDF, SPARQL)

4. Include links to other URIs. so that they 
can discover more things.

https://www.w3.org/DesignIssues/LinkedData

exp:alice

ex:secretaryOf

exc:macau

exp:bob

ex:birthPlace exo:bobCom

ex:founded

ex:employee

ex:headquarter

ex:fullName

Alice Liddell
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Serialization

RDF XML
<?xml version="1.0" encoding="utf-8" ?>
<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" xmlns:ex="http://example.com/vocab/">

<rdf:Description rdf:about="http://example.com/person/alice">
<ex:secretaryOf rdf:resource="http://example.com/person/bob"/>
<ex:fullName>Alice Liddell</ex:fullName>

</rdf:Description>
</rdf:RDF>

N-Triples
<http://example.com/person/alice> <http://example.com/vocab/secretaryOf> <http://example.com/person/bob> .
<http://example.com/person/alice> <http://example.com/vocab/fullName> "Alice Liddell" .

@prefix ex: <http://example.com/vocab/> .
@prefix exp: <http://example.com/person/> .
exp:alice

ex:secretaryOf exp:bob ;
ex:fullName "Alice Liddell" .

Turtle

File formats for transferring triples between computers:
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Serialization [cont.]

JSON-LD
{

"@context": {
"ex": "http://example.com/vocab/",
"exp": "http://example.com/person/"

},
"@graph": [

{
"@id": "exp:alice",
"ex:secretaryOf": {

"@id": "exp:bob"
},
"ex:fullName": {

"@value": "Alice Liddell"
}

}
]

}
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Triplestore

 Just as tabular data is stored in a 
relational database, triples are 
stored in a triplestore.

 SQL is the query language for 
relational database, while 
SPARQL is used to query triples in 
a triplestore. Triplestore

Triples

SPARQL query

update

search retrieve

Results in  JSON or 
XML format
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Triplestore [cont.]

Linked data query service
provides a front-end interface to 
search triplestore by SPARQL

SPARQL query editor

Query result in table

27

Example: SLS linked query data 
service

https://www.sls.org.hk:8443/opac/lod/ABcS



Vocabulary

Commonly used vocabularies of linked data in the bibliographic 
description domain:

• DCMI Metadata Terms
• Dublin Core Metadata Initiative
• https://www.dublincore.org/specifications/dublin-core/dcmi-terms

• Schema.org vocabulary
• General purpose, for any things
• Maintained by web community
• https://schema.org/docs/schemas.html

• BIBFRAME 2.0 vocabulary
• Library of congress
• https://id.loc.gov/ontologies/bibframe.html

• RDA (Resource Description and Access) vocabularies
• RDA Steering Committee
• http://www.rdaregistry.info

Linked Open Vocabularies (LOV)

Vocabulary (or ontology, when used in more formal and complex situation) involves naming, grouping and 
relating things within the domain area concerned.

https://lov.linkeddata.es/dataset/lov 28



Vocabulary – an example

DescriptionType of valueURIProperty

Full name of the personText<http://example.com/vocab/fullName>fullName

A secretary of another personPerson<http://example.com/vocab/secretaryOf>secretaryOf

DescriptionURIClass

A person<http://example.com/vocab/Person>Person

Described in linked data
PREFIX exp: <http://example.com/person/>
PREFIX ex: <http://example.com/vocab/>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
exp:bob rdf:type ex:Person .
exp:alice rdf:type ex:Person .
exp:alice ex:fullName "Alice Liddell" .
exp:alice ex:secretaryOf exp:bob .

exp:alice
ex:secretaryOf

Alice Liddell

exp:bob

ex:fullName

rdf:type

ex:Person
rdf:type

ex:Person

Example data in English
Alice, whose full name is Alice Liddell, is a 
secretary of Bob.

Classes

Properties
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Questions?


