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Why Linked Data?

Publications

—r,cOMing Links
—Outgoing Links




A decade with Linked Data
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Publish linked data -
FAST, VIAF,
WorldCat (2009 -)

VIAF and FAST: Publish Linked Data on the web with a Ul, API, and downloadable datasets
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yJS @ War Between the States colle

Lincoln, Abraham, 1809-186

EntityJS Research
Project (2013)

EntityJS: Explore how Linked Data maximizes the discovery potential for sets of related entities
(related by an event, a literature domain, etc.)



Y WorldCat’

Person Entity Lookup Pilot

Person Entity Lookup
Pilot (2014)

Person Entity Lookup Pilot: Test use cases and client interoperability for Linked Data as a web service



Digital Maryland
Building and Exhibitions |
Museum of Art

N PROFILE ITEM METADATA CLES

“ciliation with Contrr,

CONTENTdm
Metadata Refinery
(2015-16)

Metadata Refinery: Evaluate shared tools that help institutions take control of the Linked Data creation workflow



Project Passage
(2017-18)

Project Passage: Think big... Build a complete system based on Linked Data, and see how workflows change



© CONTENTdm
Linked Data Pilot

Shared Entity

CONTENTdm Linked Management

Data Pilot (2019-20) Infrastructure
(2020-21)




Current Events with Linked Data

Shared Entity

CONTENTdm

Management Linked Data Pilot

Infrastructure




SHARED ENTITY MANAGEMENT
INFRASTRUCTURE

*
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OCLC awarded Mellon Foundation grant to develop
infrastructure to support linked data management
Initiatives

‘Entity Management Infrastructure' will advance use of linked data and ultimately improve discoverability of scholarly

materials on the web

DUBLIN, ©hio, 9 January 2020—OCLC has been awarded a grant from The Andrew W. Mellon Foundation to develop a
shared "Entity Management Infrastructure” that will support linked data management initiatives underway in the library and
scholarly communications community. When complete, this infrastructure will be jointly curated by the community and OCLC,
and will ultimately make scholarly materials more connected and discoverable on the web.

The two-year grant, for $2.436 million, will support work on the project that will run from January 2020 to December 2021. The
Mellon grant funding represents approximately half of the total cost of the Entity Management Infrastructure project. OCLC is
contributing the remaining half of the required investment.

"OCLC has been a leader in library linked data research for years, and we have developed prototypes, innovative pilot
programs and partnerships that continue to inform our work," said Skip Prichard, OCLC President and CEO. "OCLC enables
libraries to work together to achieve economies, efficiencies, and consistency in metadata creation. We're grateful to The

@ ocLc



l.‘ o
LR W IPE [ ] ;
- ah : Ky ’
L} { . .
L] L PREY ) _' .
' ] L % P | [ -
‘
(] ’ - - 1,
o " L P : \ W e ‘ *
. 4 ¥ L ’ « g2 e -
' i (r. ' .
. . . ' 5 i
. ) -
: ' ! . > ‘ ; % '? n % #
] R . : »
L ER (' 3 N L) .
3 1 |. .. Ll ..
Y ‘ e . § 5 oo
o . ! .,. 4 '. : s ";,‘ L]
’ \J : ’ b 2 . 3
i | o . 4 L J BN (% %
.'_ . <A . 4 el 3 T ‘ K I...
! ' ' v B s | o AR
i s [} R ..B ' " y gl
2 L . " E ) < .8
" fix : ; . . B
e U IR TR BT ' S
; ] ) L i s R
. Bk s
’ LT o \ N ] > 2
' & B H B ik B g st .
o o T Lrs il Y ; H il & B 3 P !

For linked data to move into common use, libraries need
reliable and persistent identifiers and metadata for the critical
entities they rely on. This project begins to build that
iInfrastructure and advances the whole field.

Lorcan Dempsey
OCLC Vice President, Membership and Research, and Chief Strategist
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Entity Management

Project goals

« Address infrastructure needs identified by libraries
— Expand on “native” metadata management
— Link library data to non-library data... and shared data to

Shared Entity local data

Management : : . “ : ”

Infrasiructure — Provide ID creation services to help “at the point of need
(2020-21) — Persistent and maintained entity URIs

« Operate at a large scale — and be sustainable
« Complement other efforts—LD4, PCC, DCMI, etc.




Entity Management
Methods

* 24-month project, six-month increments

« Leverage Wikibase for 12+ months

« Multiple communication channels for input and iteration
vieiwele @ < Division-spanning project including staff from engineering,

Management

'nzf;szt;“;tlu;e UX research, architecture, systems, and technical
research

« Multiple “workstreams” represent coherent teams




Entity Management

Communication channels

« Ad-hoc with libraries, groups (ex: PCC)
« Presentations and reports
« Ongoing with LD4P
iekeeiell ©  Entity Management Advisory Group
— Monthly meetings

Infrastructure
(2020-21) . .

— “Breakouts” / focus groups
— Testing
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Entity Management

* Firstincrement was recently completed
— Basic functionality
— APl and Ul
— Process, procedures, cadence

“Eee . ”
St © ‘Findings” so far
Management .
Infrastructure — Need focus: creative works and persons
(2020-21) i i i
— Internal communication (especially now) takes effort

— Scaling is a challenge




LINKED DATA FOR DISTINCTIVE
COLLECTIONS

-o"“ CONTENTdm
& ‘9] Linked Data Pilot

Project Passage CONTENTdm Linked
(2017-18) Data Pilot (2019-20)
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Project Passage: Linked Data Wikibase Prototype

Project goals

« Evaluate a framework for reconciling,
creating, and managing bibliographic
and authority data as linked data entities
and relationships.

» Build a community of users who could . o
. LN Passage
create and curate data in the ecosystem < —4ys (01713)
and imagine or propose future P s
workflows. e
- Not originally planned: Evaluate V) | —

Data with Wikibase
Les:

Wikibase and Wikidata as a technical
platform



https://oc.lc/passagereport

Project Passage: Linked Data Wikibase Prototype
Flndlngs (Part 1)

‘abrahani Q ‘
Wikibase can be used to create
Abraham
structured data with a precision that Biblical patriarch
exceeds current library standards. s ;
) | Abraham Lincoln V“
« The platform enables user-driven 16th President of the Un':d States
ontology design but raises concerns P ————
about how to manage and maintain category of religions considered as ...
ontologies. ' ——
. ?:;’:;'599 Honest Abe | Lincoln | Abe Lincoln
« The platform, supplemented with —
OCLC’s enhancements and stand-alone .. = * poTme—,"——
Ut|l|t|es, enables Ilbrarlans to See the Spanish Pﬁblahalenca\n decimosexto presidente de los Estados Unidos
results of their effort in a discovery g e i
interface without leaving the metadata- Occupation, place of birh, type, sex or
. Statements gender, place of death, spouse, child
creation workflow.
e Identifiers for VIAF,
$ politician FAST, LCNAF,
- - - WikiData
oc.lc/linkeddatawikibase e


https://oc.lc/linkeddatawikibase

Project Passage: Linked Data Wikibase Prototype

Flndlngs (Part 2) ‘abraha,d q‘
Robust tools are required for local data F——
management. Biblical patriarch

« To populate knowledge graphs with
library metadata, tools that facilitate the BNt St Ru it R

Abraham Lincoln V“

import and enhancement of data PP ———————
created elsewhere are recommended. category of religions considered as ...

* The pilot underscored the need for . g ——
interoperability between data sources, —
both for ingest and export.

« The traditional distinction between
authority and bibliographic data can =

disappear in a linked data description.

Occupation, place of birth, type, sex or
gender, place of death, spouse, child

Identifiers for VIAF,
§ politician FAST, LCNAF,

WikiData




CONTENTdm Linked Data Pilot

Project goals T

+ Developing the scalable methods and
approaches needed to produce richer, state-of-
CONTENTdm . . g
«L‘—’g Linked Data Pilot the-art machine representations of entities and
relationships to make visible connections that =
were formerly invisible.
*  Prototype an application for library staff to:

— convert existing record-based metadata
into linked data by replacing strings of

ilejelelaloie|®® 5|

CONTENTdm

Linked Data L e
pilot (2019-20) characters with identifiers from known

authority files and local library-defined
vocabularies

Phase 1:
= Try to map CONTENTdm data to
entities

CONTENTdm

+ Engage CONTENTdm users to
JavaSeript help
Extension * Encourage best practices for

CONTENTdm
Discovery Ul

— manage and publish the resulting entities
and relationships Poh o s >

CONTENTdm metadata curation

Phase 2:

* Provide Ul to create and
maintain CONTENTdm data in
Wikibase

* Handle unreconciled data

Push to CONTENTdm



MASS AGGREGATION

®ocLc



Data Harvest & Explorer

* Developed a prototype of the IlIF Change Discovery API
for 13 Million CONTENTdm items

« Harvested the metadata

* Reconciled string headings to linked data URIs
— Only looked at strings that were associated with Dublin Core fields
— Limited those strings to ones that occurred more than 2000 times

« Built a prototype application to search and explore the 13
Million harvested CONTENTdm records

— https://researchworks.oclc.org/iiif-explorer/



https://researchworks.oclc.org/iiif-explorer/

OCLC ResearchWorks IlIF Explorer
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Search for images of pe s, events, and more

'g CREATE A SAVED LIST

Type Y Louis Armstrong
Audience v
& 17020 0F 517 >
Creator v
Contributor v
Subject v
Place v
Publisher v
Louis Armstrong Louis Armstrong Louis Armstrong Louis Armstrong
Organization A

Oberlin College
72

Houston Public Library Temple University

Missouri State Library

50
Image Collections John W. Mosley Photographs
Houston Public Library

34

Hamilton College
32

Illinois State Library
30

Michigan Department of Natural... L! VIEW v I_E VIEW v
27
University of Nevada, Las Vegas
24

Indiana Historical Society
19

Gonzaga University
16

Digital Horizons - North Dakota ...
13

Ohio History Connection
12

Denver Public Library

Pt Louis Armstrong

Louis Armstrong

CSUC (Consorci de Serveis Indiana Historical Society

Universitaris de Catalunya)
Duncan Schiedt Collection

Fons fotografic del Palau de la Masica
Catalana (Orfeo Catala)

|§ VIEW v |§ VIEW

Louis Armstrong Louis Armstrong

[Louis Armstrong]

Pikes Peak Library District

African Americans In Colorado Springs

|§ VIEW v

Louis Armstrong




OCLC ResearchWorks IIIF Explorer "W CREATE A SAVED LIST

= Louis Armstrong : Louis Armstrong

- ] T ; " Subject

- . singer
A v musician
jazz musician
| N African Americans
,1 , United States of America
jazz

Type
] ; Image

L 3 : Organization

Temple University

' . Collection
N g
y g P John W. Mosley Photographs
R p More Like This

‘ rong. .f

View in CONTENTdm: https://cdm16002.contentdm.oclc.org/digital/collection/p15037coll17/id/60




Findings

It was exciting to find unexpected things in unexpected
places

» Reconciliation was limited based on
— Scale of the data
— Heterogenous nature of metadata
— Algorithmic approach to matching
« Exercise in harvesting and mapping record-based data for
discovery



LINKED DATA FROM SCRATCH
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Data Harvest & Explorer (part 2)

« Worked with 5 CONTENTdm users and selected 3
collections from each

« Manually reviewed, mapped, and reconciled metadata

« Imported the data into a Wikibase instance for
management

« Built a new prototype application to search and explore
the data ingested into the Wikibase instance



@ CONTENTdm Linked Data Pilot Explorer louis armstrong

1to 10 of 10 results for louis armstrong.

African American men
Philadelphia
Musicians

African Americans

Composers
Louis Armstrong Louis Armstrong Louis Armstrong

Entertainers
African American pioneers READ MORE READ MORE READ MORE

African American entertainers

Jazz musicians

© 6 6 6 6 66 6 ©6 ©6 O

African American icons
classification used hd

depicts v

part of v

Louis Armstrong Louis Armstrong and Jake Armstrong

photographer bt




CONTENTdm Linked Data Pilot Expl

= Louis Armstrong

View in CONTENTdm | View in the Pilot Wikibase
IIIF Presentation Manifest viewer provided by Project
http://rightsstatements.org/vocab/InC/1.0/

Satch," was widely recognized as a founding father of jazz. His influence, as an artist
and cultural icon, is universal, unmatched, and very much alive today.

date created
1944

height
8 inch

width
10 inch

part of
John W. Mosley Photograph Collection

classification used
Photographs

process or format
Black and white prints

about

Philadelphia | Entertainers | Musicians | Singers | Jazz | African Americans |
Composers | African American entertainers | Jazz musicians | African American men |
African American pioneers | African American icons | Composers--United States |
Innovators

depicts
Louis Armstrong

prototype. Terms of Use

Instrong was a musician, composer, jazz trumpeter,
film star, and comedian. Considered one of the most

rtists in jazz history, Armstrong is known for songs like

nd Blue," “La Via En Rose" and "What a Wonderful World.*
1971, the man known around the world as *Ambassador
zed as a founding father of jazz. His influence, as an artist
kal, unmatched, and very much alive today.

h Collection

| Musicians | Singers | Jazz | African Americans |
can entertainers | Jazz musicians | African American men |
| African American icons | Composers--United States |




CONTENTdm Linked Data Pilot Explorer

1 to 8 of 8 results for depicts:Q161624.

about -~
classification used »
Photographs 0
depicts ~
part of ~
photographer ~
Louis Armstrong Louis Armstrong Louis Armstrong Louis Armstrong and Jake Armstrong
process or format -~
READ MORE READ MORE READ MORE READ MORE

Louis Armstrong Outside of the Louis Armstrong Louis Armstrong and Jake Armstrong Louis Armstrong
Pyramid Club
READ MORE READ MORE READ MORE READ MORE

2. Terms of Use




CONTENTdm % English & Mixterj Tak Preferences Watchlist Contributions Log out

linked data
Iltem = Discussion Read Viewhistory 77 More v |Search CONTENTdm Linked Data Pilot Q
Louis Armstrong (:s:624)
American jazz trumpeter, composer and singer # edit
Main page Satchmo | Pops | Armstrong, Louis Context and Background
Recent changes  n more engueges Configure Louis Armstrong (August 4, 1901 — July 8, 1971), nicknamed Satchmo or Pops, was an
Rﬂ:‘“"m page " T I T T American trumpeter, composer, singer and occasional actor who was one of the most influential
LRp il i guage escription =0 as figures in jazz. His career spanned five decades, from the 1920s to the 1960s, and different eras
Tools English Louis Armstrong American jazz trumpeter, composer and singer ~ Satchmo in jazz. Coming to prominence in the 1920s as an "inventive" trumpet and cornet player,
What links here Pops Armstrong was a foundational influence in jazz, shifting the focus of the music from collective

Armstrong, Louis

Related changes improvisation to solo performance. With his instantly recognizable gravelly voice, Armstrong was

Upload file espanol Louis Armstrong trompetista y cantante estadounidense de jazz Satchmo also an influential singer, demonstrating great dexterity as an improviser, bending the lyrics and melody of a song for
Special pages Pops expressive purposes. He was also skilled at scat singing. Renowned for his charismatic stage presence and voice
Printable version almost as much as for his trumpet-playing, Armstrong's influence extends well beyond jazz music, and by the end of

Permanent link All entered languages
Page information

his career in the 1960s, he was widely regarded as a profound influence on popular music in general. Armstrong was
one of the first truly popular African-American entertainers to "cross over”, whose skin color was secondary to his

Concertis Constraint Violation Report View music in an America that was extremely racially divided. He rarely publicly politicized his race, often to the dismay of
In other languages fellow African-Americans, but took a well-publicized stand for gregation in the Little Rock Crisis. His artistry and
#Add links Statements personality allowed him socially acceptable access to the upper echelons of American society which were highly
restricted for black men of his era.
o
s &1 dit
fype ¥ peran #e Sources: DBpedia Wikipedia Wikimedia Commons
+ 1 reference
+ add value
website é http://www.louisarmstronghouse.org/ # edit
¢ 1 reference
+ add value
sex or gender é male & # edit
+ 1 reference
+ add value
birth date $ 4 August 1901 Gregorian 2 edit
+ 1 reference
+ add value
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CONTENTdm Image Annotator CONTENTdm Linked Data Pilot

[3] UPDATE THE

@ Avout Philadelphia i
QO Depicts b

@ About Entertainers

QO Depicts

@ Avout Musicians

QO Depicts

@ About Singers .I 7= j
QO Depicts .,—Q—,;
@ About Seiz7

QO Depicts

@ About African Americans

QO Depicts

@ Avout Composers

O Depicts

@ About African American entertainers ‘ij j
Q Depicts [
@ :Anout Jazz musicians

O Depicts

@ About African American men

QO Depicts

NTENTdm Image Annotator




CONTENTdm Image Annotator CONTENTdm Linked Data Pilot

[3] UPDATE THE
@ Avout Philadelphia ‘
QO Depicts & L
O Avout Entertainers ‘
@ Depicts
© :about Musicians ‘
@ Depicts
@ Avout Singers
QO Depicts
@ About Jazs
QO Depicts
O Avout African Americans _‘
@ Depicts =
® Avout Composers " ]
QO Depicts
O About African American entertainers ‘ f ‘
@ Depicts g J
O Avout o7 musicians ‘ a ‘
@ Depicts L L C
© sAbout African American men ‘ J
@ Depicts =

CONTENTdm Image Annotator is lorks profotype. Terms of Use




CONTENTdm Image Annotator

CONTENTdm Linked Data Pilot

[¥] UPDATE THE ENTITY
w uspus
O About Jazz musicians a
@ Depicts
O About  pgican American men B
@ Depicts -
@ Avout  ppicon American pioneers
QO Depicts
® Avout  Afican American icons
QO Depicts
® Avout  composers--United States
QO Depicts
@ Avout oovators
O Depicts
O Avout | is Armstrong L
@ Depicts
+ ADD ADEPICTION.

CONTENTdm Image Annotator lorks prototype. Terms of Use




OO CONTENTdm Image Annotator CONTENTdm Linked Data Pilot

[3] UPDATE THE ENTITY
@ About African American pioneers L |
QO Depicts L
@ About African American icons b1
QO Depicts
@ About Composers--United States L
QO Depicts t
® rvout o ovators 1]
QO Depicts
O About Louis Armstrong o] L
@ Depicts L
O Avout Trumpet o] 1 1
@ Depicts

=+ ADD ADEPICTION

CONTENTdm Image Annotator is an OCLC ResearchWorks prototype. Terms of Use



depicts

aer

~ 0 references

e

Jazz musicians &7

~ 0 references

qer

African American men &1

~ 0 references

a0

Louis Armstrong &7

digital representation URL

~ 0 references

o
& Trumpet &

digital representation URL

~ 0 references

African American entertainers & Z edit

+ add reference

Z edit

+ add reference

2 edit

+ add reference

2 edit

https://cdm16002.contentdm.oclc.o
rg/digitaliiiifip15037coll17/60/2029
969,2712,3385/full/0/default jpg

I

+ add reference

Z edit

https://cdm16002.contentdm.oclc.o
rg/digitaliiif/p15037coll17/60/3092,
1682,1649,1119/full/0/default.jpg

+ add reference

+ add value
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Findings
* |t takes a lot of human effort to create the structured data

« Wikibase is a powerful and flexible infrastructure for
creating, managing, and curating structured data

« There is a lot of potential for enhancing existing metadata
about cultural heritage items



A semantic continuum

Shared Entity

Management

Infrastructure
(2020-21)

© CONTENTdm

J,OO Linked Data Pilot

CONTENTdm
Linked Data
Pilot (2019-20)

Shared, homogeneous, and ...accounting for the reality of localized,
centralized entities... heterogeneous, de-centralized collections
Machine-matching, highly ...with tools for hand-matching, semi-
automated reconciliation... automated reconciliation

Well-accepted context: Granular context:

Persons & Works About, Depicts, Annotations, Notes

Blurs the line between bib and Blurs the line between object and context
authority work description

Custom applications and interfaces needed

This is the new Knowledge Work




Next Steps

« Shared entity management infrastructure
— Targeting millions of entities in the infrastructure by December 2020
— Complete the project! — December 2021

e CONTENTdm Linked Data Pilot

— Evaluate how to better balance algorithmic record conversion with domain knowledge expertise
— Determine how to pull apart contextual metadata and descriptive metadata

— Explore how to leverage the new contextual metadata in end-user applications

— OCLC Research Report forthcoming later this year

* More Research
— More contextual linked data being added to the infrastructure (e.g. Places)
— Linked data for Concepts and Subjects
— Federated Linked Data and Local Subject description: Linking and Localization
— Entity Alignment: knowledge graph integration from multiple sources

— Archives & Special Collections Linked Data: moving forward from CONTENTdm prototype and the findings of
OCLC'’s recent report, “Archives and Special Collections Linked Data: Navigating between Notes and Nodes”
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