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Building Semantic Applications with Li o<, www.synaptica.com Outline & Objectives

Linked Data: what is it and why is it good for you (10 mins)

Our Use-case: building an art-history educational application (5 mins)
Design: a data architecture based on ontologies (10 mins)

Open Data: adopting and reusing open data resources (5 mins)

User Experience: end-to-end UX examples (20 mins)

Graph Databases: types and performance considerations (5 mins)
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Discussion: Q&A (10 mins)
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Linked Data:
what is it and why is it good for you
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Before Linked Data: Information was locked inside proprietary databases, each of which
used custom database schema and every database record was accessed by identifiers that
were only unique and intelligible within the system in where they resided.

The guardians of these data ‘fortresses’ didn’t often like sharing data. If it had to be done at all then
data was extracted and delivered under lock and key with cryptic instructions how to use it.
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After Linked Data: resources (concepts, names, database records, etc.) have global
Unigue Resource Identifiers (URIs) that are accessible on the web and
intelligible to anyone on the planet.

o

MeSH (Medical Subject Headings):
Internal Medicine
http://id.nIlm.nih.gov/mesh/D007388

GeoNames:

London
http://www.geonames.org/2643743

Getty Art & Architecture Thesaurus:

Renaissance
http://vocab.getty.edu/aat/300021140

European Environment Agency:
Inland surface waters
http://eunis.eea.europa.eu/habitats/58

WordNet Lexical Database:

finance
http://wordnet-
rdf.princeton.edu/wn31/101136358-n

Library of Congress Name Authority:

Barack Obama
http://id.loc.gov/authorities/names/n94112934

World Wide Web Database
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Before Linked Data: web hyperlinks were mere sign posts pointing to other web pages.
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Costs and benefits of Five Star Linked Open Data

As a consumer:
 You can discover more (related) data while
consuming the data.

* You can directly learn about the data schema.

5%¢ Links to other Linked Open Data + You now have to deal with broken data links, just
like 404 errors in web pages.

+ Presenting data from an arbitrary link as fact is as
— risky as letting people include content from any
website in your pages. Caution, trust and common
T sense are all still necessary.

4% W3C Open standards (RDF and SPARQL)

3% non-proprietary format
2¥¢ machine-readable

1¥¢ available on the Web

As a publisher:
* You make your data discoverable.
* You increase the value of your data.
+ Your own organisation will gain the same benefits
{50 o | E from the links as the consumers.
PDF * You'll need to invest resources to link your data to
other data on the Web.
* You may need to repair broken or incorrect links.

More information on Costs, Benefits and Examples at: http://5stardata.info/en/
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open is
optional

Linked Data: Open versus Enterprise

Lbu—t Linked Data can élso
reside behind the firewall
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Our Use-case:
building an art-history educational
application



Building Semantic Applic

Art history is the academic study of the
history and development of painting,
sculpture, and the other visual arts. It
usually involves a close analysis of visual
images as well as texts.

Our use-case project set out to build an
interactive educational application to
support the close analysis of art images
by multiple users, and to capture their
analysis in the form of annotations,
semantic indexing and multi-media
commentary.

The entire application was designed and
built using Linked Data.

( LINKED A
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CANVAS Publ
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ttic Red-Figure Plate with Kottabos Scene

Description: The figure swmis a drinking cup from a finger of his nfht hand,

Use-case: Background

ottabos Scene

e is playing Kottabos, during which pl

ayers tried to
of wine from their cup at a target.

image POIs Tours Concepts Search Declutter | Captions
Points of Interest within this Image
Ust | Hierarchy [n View | View All
Contour Line o o
Entertainment o o
Fillet o o
Flute Case o o
Himation Q o
Inscription Detail e o
Kylix and Kottabos o o
Original Sketch Lines o o
Q Kylix and Kottabos
Our Symposiast o o
Attic Red-Figure Plate with Ko
POI Details
indicating that
URE:  Mtpsc/gallery Snkedcanvas.con/polia 3g5Trytm) flick remnants
Label: Kylix and Kottabos @
Description: The figure swings a drinking cup from a finger of his > ®
right hand, indicating that he is playing Kattabos,
during which players tried to flick remaants of wine from
their cup at a target. URI: hittps://gallery.linkedcanvas.c _imagy 215yhSns
e wegw3pOvnahttps://gallery.linkedcanvas. mml;:ol/lul!gshrﬂmi
'«: Kottabos [Beaziey ASH| Subject « Kottabos [Beazley ASH]
Depicts » kylikes [Getty AAT]

«
* lkylikes type B [Getty AAT]

Y- com/concept_sc




Building Semantic < www.synaptica.com Requirements: Support Panofsky Analysis

Erwin Panofsky’'s 1939 seminal work
Studies in Iconology describes a
three-stage approach to the
iconographic analysis of

Studies
in lconology

art images

(1) Natural analysis: . Image
Describe the visual evidence Mk e Annotation
(2) Conventional analysis:
Interpret the symbolism, Semantic
allusions, and ideas behind the HEBEIEL Indexing
visual details
(3) Intrinsic analysis:
Explore and the wider cultural Contextual A

I Graphs
and historic context
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User Requirements

1. Upload and store high-resolution images

2. Catalog images with metadata

3. Pan-and-zoom inside images and define points and areas of interest

4. Annotate points of interest with labels and descriptions

5. Index images and points of interest using Linked Open Data taxonomies
6. Create guide-tours with audio-visual commentary

7. Search and browse across image collections and inside individual images
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Design:
a data architecture based on
ontologies
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Design: General Principles

Manage all metadata and annotations using W3C Linked Data standards
Store Linked Data in an RDF triple store

Access images using the IlIF open standard image API

Annotate images using the W3C Open Annotation (now Web Annotation)
Data Model

Adopt and reuse Linked Open Data ontologies

6. Adopt and reuse Linked Open Data taxonomies and reference resources

B wnN e
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llIF Image Server
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Design: Open Standards Architecture

OASIS Application Server

Local
Image Collecti

Image Management

Remote

RDF Triple St

KOs
F
LDP

SPARQL

Image Retrieval

(e

IIIF Image
Collections

ore

LDP
SPARQL

Knowledge Organization System

International Image Interoperability Framework
Linked Data Platform

Open Annotation Data Model

SPARQL Query Language for RDF

https://en.wikipedia.org/wiki/Knowledge Organization Systems
http:/iiif.io

http://iwww.w3.0rg/TR/2015/REC-Idp-20150226/
http://www.openannotation.org/spec/core/
http://www.w3.org/TR/rdf-spargl-query/
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Data modelling begins by taking an
inventory of the different types of real-

world entities and abstract ideas that / \
an information system needs to Knowledge Organization Schemes

. Provide a formal data model for
capture. In our use-case this includes Entities, Relationships and their Properties

Art Works... Places... People...
Concepts... and Allusions

The Birth of

Venus
(in Art Works
scheme)

Sandro

Botticelli
(in Persons
scheme)

Creator

) 4

Birth Place

Property Set

Label (EN): Florence
Label (IT): Firenze
Latitude: 43.769562
Longitude: 11.255824

Florence
(in Places
scheme)

Ovid,
Metamorphoses,
Birth, Love, Beauty
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Knowledge Organization Schemes
Provide a formal data model for
Entities, Relationships and their Properties

The Birth of

Venus
(in Art Works
scheme)

Sandro

Botticelli
(in Persons
scheme)

Creator

Birth Place

Property Set

Label (EN): Florence
Label (IT): Firenze
Latitude: 43.769562
Longitude: 11.255824

Florence
(in Places
scheme)

Data Modeling with Linked Data Ontologies

Entities are identified by URIs

Entities link to their literal properties via property
types

Property types are identified by URIs

Entities link to other entities via relationship types
Relationship types are identified by URIs

Linked Open Data ontologies provide a

ready-made library of reusable property types
and relationship types

By adopting Linked Open Data predicates project
lead times may be reduced and one’s data
becomes immediately intelligible to others



Building Semantic A o<, www.synaptica.com Data Modeling with Linked Data Ontologies

o =
Graphlte @ ProjectY R DaveC-SA [Super Administrator]  §
from Synaptica

Staphite Yama foge Mini Screencast: Ontology
Management

* Alibrary of open data
ontologies can be
adopted and managed

*  Custom ontologies can
also be created as and
when needed

A *  Specific Properties and
Relationship predicates
can be selected

*  Predicates include the
URI from the external
open data source, or
custom minted URIs




Building Semantic o<, www.synaptica.com Data Modeling with Linked Data Ontologies

9 Graphite B ProjectY & DaveC-SA(Super Administrator]  §
from Synaptica

Graphite Main Page Mini Screencast: KOS
Scheme Management

*  Alibrary of fully
customized concept
schemes can be
managed

*  Schemes are designed
by adopting property
and relationship types
from ontologies

*  Cardinality, label
uniqueness and other
attributes can also be
specified

* Inter-scheme
permissions control
relationship building
logic and rules
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Open Data:
adopting and reusing open data
resources
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now rb'bléiﬁ...:
=l io“')ol“’ CESS
._de Sior

Saliscisio

e ‘_f.; New mantra for taxonomy projects:

ADO PT first
ADA PT second
CREATE i

Build
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Trusted authorities
Many subject domains
Millions of concepts
Open data sources

Standard electronic
formats

Live query endpoints

and/or file downloads

<&, www.synaptica.com

Linked Open Data

Indexing & Classification
Concept Schemes

Adopting Linked Open Data Resources

Examples used for
Linked Canvas Project

LCNAF

. 9.5M primary resources

. 80M relationships & properties
LCSH

. 419K primary resources

. 3.9M relationships & properties
Getty AAT

. 42K primary resources

. 14.7M relationships & properties
IconClass

. 40K primary resources

. 3.4M relationships & properties
DBpedia

. 1.3M primary resources

. 31M relationships & properties

Totals
. 11.3M primary semantic resources
. 133M relationships & properties



Building Semantic Applications with*Ein o<, www.synaptica.com Which Domains Work Well for Adofg-

Corporate & Enterprise Products & Services STEMs: Science, Technology,
Taxonomies Commodities Engineering & Mathematics
Finance HCLS: Health Care & Life Sciences
Legal & Regulatory Cultural Heritage
News Media
Geospatial

Person Names




Building Semantic;j o<, www.synaptica.com Build Your Own Scheme and Map Concepts to Others

) 5
Graph'te Scheme Admin @ ProjectY R DoveC-SA[Super Administrator]  §
from Synaptica

Create Scheme

PSchomex ) Mini Screencast: Design
New Concept Scheme

*  Create a new KOS called
Scheme Z

*  Base design on SKOS
ontology

*  Enable preflLabel,
altLabel and Scope
Notes properties

R . Enable SKOS Broader,

Narrower and Related

relationships

*  Finally... enable the
owl:sameAs relationship
to support crosswalk
mapping from Scheme Z
to Scheme Y




Building Semantic o<, www.synaptica.com Build Your Own Scheme and Map Concepts to Others

o .
Graphite B ProjectY & DaveC-SA [Soper Administrator]  §
from Synaptica

e i o Mini Screencast: Create
Concepts and Crosswalk

*  Create a concept tree
animals > mammals >
canines in Scheme Z

*  Browsein SchemeY

X then drag concept ‘dogs’
and drop on concept
‘canines’ in Scheme Z
using the owl:sameAs
relationship
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User Experiences:
end-to-end UX examples



Live Demonstration of End-User Experiences

Building Semantic Applicat < www.synaptica.com

Search inside images or acros

Avanced Search Search Reselts image collections

Arrange POls into a
hierarchical table of contents

—m

D e b
=D
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@ e o
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~ 1

LINKED CANVAS delivers advanced LINKED CANVAS allows POls to be

search functionality that is easy to use. ' " "\"f__" y explored as an alphabetical list or as an

»

°
]

Search identifies images across collections expandable hierarchy. This allows the

: oo as well as searching deep inside images to o 3 § picture space and the scenes and figura-
. oL i reveal specific points of interest. Search \“ i AR5 £ :‘” 1_5‘0‘ : tive details in a composition to be

5 - works conceptually to identify images { ’::\‘rl"' w Y arranged and navigated like the table of
. - based on subjects, themes and symbols as contents of a book.

v - - well as descriptive text.

Upload and catalog images Explore images conceptually

LINKED CANVAS allows users to design
their own image catalogs with an extensi-
ble set of metadata. It is also possible to
import data from external catalogs and
integrate the system with collections
management systems. Image catalog
records may be subject indexed using
internal taxonomies or Linked Open Data
controlled vocabularies.

Define points of interest (POls)

With LINKED CANVAS users can pan and
zoom inside an image to define points of
interest. These can be created quickly
using drop-pin or rectangle-frame mark-
ers, or the outlines of specific figures can
be traced to create a visually stunning way
to highlight specific visual details in the
context of their surroundings. POls can
then be labeled, annotated and subject
indexed.

With LINKED CANVAS images can be
explored conceptually. As the user pans
and zooms around an image, a tag-cloud
dynamically updates to reveal the ideas
behind the image. Selecting a concept
provides explanatory notes as well as links
to other visual details on the image and to
other images.

Create guided tours with audio
visual narration

LINKED CANVAS lets users build time-se-
quenced guided tours with embedded
audio and video narration. Multiple
guided tours can be created to describe
different aspects of an image, such as
subject matter versus form and technique.
With guided tours users can explore
artworks using ‘playlist’ style controls.



Building Semantic o<, www.synaptica.com Describing Triples for Individual Entities

¢ .nxeo The Ambassadors

CANVAS Demo Image Scheme (POI)

hitayO1, you are currently accessing [Administrative Taskview] W

unkeo The Ambassad + Y

CANVAS  DemoImage Scheme (POI) hitay01, you are currently accessing [Administrati

Declutter | Captions

mage Description and Metadata Describe in v

e Taskview]

I1IF URI: hti anvas.com/loris/od, clutter | Captions

mo.link

/O aultjpg

Describe “The Ambassadors” in Turtle
Title: The Ambassadors mage Description and Metadata [ Describe in v |
Description: This painting memorialises two wealthy [Describen | @prefix oasis: <http: #>

educated and powerful young men Onll e leftis @prefix oa: <htt

Jean de Dinteville, aged 29, French ambassador I11F URI: H‘DE d::\;\\.‘_} canvas.com/loris/oq JSON @prefix skos: <http: 4/02/skos/cored> .
to England in 1533 Tome right stands his friend, - EaLIPE JSON-LD @prefix rdf: <http: f.

Georges de Selve, aged 25, alsr'o|_ of Lavaur, who Title: The Ambassadors RDF-XML @prefix rdfs: <http

acted on several occasions as ambassador to the Description: This painting memorialises two w( N3 @prefix sesame: <http:

Emperor, the Venetian Republic and the Holy See educated and powerful young men N-Trinles @prefix owl: <http://www.

The picture records a secret visit paid by De Selve Jean de Dinteville, aged 29, Frenc| '~ e @prefix xsd: <http://www i

to de Dinteville. 'The Ambassadors' is unusua to England in 1533. To the right s{ N-Quads @prefix fn: <http://ww 2005/ xpath—-unctlcn;:)
and intriguing. The two men are shown full- Georges de Selve, aged 25, bish 0p

length, a format usually reserved by Holbein for
royal portraits. Carefully selected objects are
displayed on the shelves. The distorted image of
a skull slashes across the foreground, both linking
and dividing the friends.

1t1=d on severa occasions as ami]

<https://demo.linkedcanvas
oasis:AnnotatedImage ;
oa:hasBody <https://demo.linkedcanvas.com/ ar’mctated 1rrace index/itgn221hlory8#bodyTag> ,
demo.linkedca com/annotated_ima odyLabel> ,
demo. linkedcanvas.com/annotated_ima #bodyDescription> ;
L L & i demo. 1inkedcanvas.com heme/itfmgeit3iuts> ;
Qiim“lru nar‘v:«Easr:em\‘e'ssi‘hee(r;?t?;;fr:srgeof skos :topConceptOF <https://demo.linkedcanvas.com/concept_scheme/itfmg@jt3iuts> ;
a skull slashes across the foreground, both linking oa:hasTarget <https://demo.linkedcanvas.com/annotated image/index/itgn221hlory8#target> ;
and dividing the friends. - asAnnotation <htt demo.linkedcanvas.com/poi/ititSqfptr3> ,
- demo.linkedcany i/it 2 <https://demo.linkedcanvas.com/poi/ititcoehsdd>
/demo.. 1inkedcan
/demo. linkedca
/demo.linkedca

om/annotated_image/index/itgn221h1

y8> a oa:Annotation ,

he Ambassador| Binary PDF
a ving. The two men are SHOWTTUTI-
\E‘mr aforma vally reserved by Holbeir

Creator:
* Hans Holbein the Younger

Date Created:
1533

Creator:
« Hans Holbein the Younger

/demo. linkedcanvas . com/poi/itith

t
Da‘ef’e?!egd,f , <https://demo.linkedcanvas.com/poi/
= <https://demo.linkedcanva t

demo. Linkedcanv t

/demo.linkedcanva
/demo.linkedcanva
//demo.linkedcanv

demo. linkedcanvas .com/poi/ititp4vhadz>

titrywlokh> ,
titxuemoxt>

<https://demo.linkedcanvas.com/po
oa:hasBody <htt /demo. linkedcany
<https://demo.linkedca i Label> ,
<https://demo.linkedca odyDescription> ;
skos:inScheme <https://demo.linkedcanvas concept _scheme/itfmg12216b7m> ;
skos :topConceptOf <https://demo.linkedcanvas.com/concept_scheme/itfmgl2216b7m> ;
oa:hasTarget <https://demo.linkedcanvas.com/poi/itit5qfptr3#target> .

> a oa:Annotation , oasis:AnnotatedImagePoi ;
com/poi/ititSqfptritbodyTag> ,

<https://demo.linkedcanvas.com/poi/itit7
asBody <https://demo.linkedcan
demo.linkedca
demo.linkedcanva

924> a oa:Annotation , oasis:AnnotatedImagePoi ;
itit7vcql24#bodyTag> ,

odylabel> ,

#bodyDescription> ;

/demo.1inkedcanvas . com/concept_scheme/itfmgl2216b7m> ;

skos : topConceptOF <https://demo.linkedcanvas.com/concept_scheme/itfmgl2
oa:hasTarget <https://demo.linkedcanvas.com/poi/itit7vcql2d#target> .

<https://demo.linkedcanvas.com/poi/ititcoeh84d> a oa:Annotation , oasis:AnnotatedImagePoi ;
oa:hasBody <https://demo.linkedcanv om/poi/ititcoeh8ad#bodyTag> ,
<https://demo.linkedcanvas.com/poi/ititcoehsd yLabel> ,
<https://demo.linkedcanvas.com/poi/ititcoeh84d#bodyDescription> ;
skos:inScheme <https://demo.linkedcanvas.com/concept scheme/itfm
skos :topConceptOf <https://demo.linkedcanvas.com/concept scheme/it

16b7m> ;
mg12216b7m> ;
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¢ .nceo The Ambassadors

W' ¥ CANVAS w Demoimage Scheme (POI) dave, you are currently accessing [Administrative Taskview] v
Description:

The lute, which is placed above a Lutheran Psalmbook,

) depicts a broken string. Interpretations of the possible

| include mortality and the transient nature of life
| (a theme depicted elsewhere in the painting through motifs
PrOCESS of indexing a Visual detail such as the skull). Another possible interpretation for the

broken lute string is the concept of discord, possibly

inside a painting to the DBpedia
category resource for Lutes

\ Select Relationship(s) for Tagging to Concept x
http://dbpedia.org/resource/Category:Lutes ‘ Sjeck
{2 Depicts
via the FOAF predicate | Qs
Depicts lute Q Reset
DBPedia Categories $
foaf:depicts o

2¢ [DBPedia Categories]
Lutes [DBPedia Categories] os

s [DBPedia Categories]

1ces [DBPedia Categories]
nsects [DBPedia Categories]
Lutetium [DBPedia Categories]

Lutetium compounds [DBPedia Categories]

tes [DBPedia Categories]

utes [DBPedia Categories]
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_f unxeo Bacchus and Ariadne

w Demo Image Scheme (PO

Image POIs Tours Concepts Search Declutter | Captions

Paints of Interest within this Image
List | Hierarchy | In View | View All

Ariadne Y5 )
Bacchus Y5 )
Cheetahs Y o)
Corona Borealis °o®
Satyr with Snake Y o)

Signature on Urn Y )

POI Details

[T PR —————
Lbel:  Bacchs @

Description:  Bacchus (Greek: Aubvoos. Dionysas; Latn: Bacchus)
is the god of the grape harvest, winemaking and wine, of
fitual madness, ferilty, theatre and religious ecstasy in
Greek mythology. Faling n love with Ariadne on first
sight, Bacchus leaps from his chariot, drawn by two
cheetahs, towards her. Ariadne had been abandoned on
the Greek island of Naxos by Theseus, whose ship is
shown in the distance. The picture shaws her initialfear
of Bacchus, but he raised her to heaven and turned her
into: constellation, represented by the stars above her
head.

1G> http://vocab.getty.edu/aat/300055165 >

Concept Scheme: Getty AAT

All - Properties Related Concepts Hierarchical Concepts Related Images & POls

Subject:
o present [lconClass]
« loveat first sight (lconClass)
« (fFeeling of) Attraction [iconClass]
+ Bacchus finds Ariadne on Naxos [IconClass]
« love [Getty ART]

Scope Note: « Emotional and psychological state based on strong affection, loyalty, and benevolence for another arising
out of kinship, as in maternal love; arising out of sexual attraction and emational affinity, as in affection
and tenderness felt between lovers; and arising out of respect and admiration, as in the valuation and
appreciation among friends.

Hierarchical Concepts w

st

Related Images & Points of Interest w

/

O Bacchus and Ariadne O Ariadne O Caver Flower O Bacchus

4



Graph Databases:
types and performance
considerations
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name: Charles influenced name: Ada
Babbage Lovelace

<http://id.loc.gov/authorities/names/n50031102> prov:influenced <http://id.loc.gov/authorities/names/n78030997>
<http://id.loc.gov/authorities/names/n50031102> foaf:name ”Charles Babbage"

<http://id.loc.gov/authorities/names/n78030997> foaf:name “Ada Lovelace”



Building Semantic Applic

o<, www.synaptica.com

Graphs

GeoNames

France United Kingdom

Blaise

Charles
Pascal

Mary
Babbage

Somerville

influenced influenced
LC Name Authority File

influenced

Science

knownFor
knownFor

LC Subject Headings

Physical

Sciences

N

Léo
Computer §
Science ey

Astrophysics
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Relational Database

7

Computational
Time

Graph Database

>
Size of
Dataset




Building Semantic Applic

Graph databases
don’t naturally perform well
with free text search... and

remote SPARQL Endpoints
may or may not be
responsive how can these
problems be overcome?

Some Common Options

o<, www.synaptica.com

Free Text Searching using SPARQL

1 select ?Subject ?Term ?Parents ?Descr ?ScopeNote ?Type (coalesce(?Typel,?Type2) as ?ExtraType) {

optional {?Subject gvp:placeTypePreferred [gvp:preflLabelGVP [x1l:literalForm ?Typel]]}
optional {?Subject gvp:agentTypePreferred [gvp:preflLabelGVP [xl:literalForm ?Type2]]}

Query:
I 2  ?Subject luc:term "vessel AND fishf"; a ?typ. |
3 ?typ rdfs:subClassOf gvp:Subject; rdfs:label ?Type.
g filter (?typ != gvp:Subject)
6
7
g optional {?Subject gvp:preflLabelGVP [x1:1literalForm ?Term]}
9 optional {?Subject gvp:parentStringAbbrev ?Parents}
10

optional {?Subject foaf:focus/gvp:biographyPreferred/schema:description ?Descr}
optional {?Subject skos:scopeNote [dct:language gvp_lang:en; rdf:value ?ScopeNote]}}

* Download and cache remote LoD data sources

* Index literal property fields using search tools like Apache Solr
* Use triple store databases with built-in indexing like GraphDB
* Create ‘named graphs’ that can be used to sub-select from the

master graph database

In the Linked Canvas system
with > 11 million entities and
> 130 million properties and

relationships we execute
simple searches sub-second
and multi-word wildcard
phrases in 1-5 seconds
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To RDF or not to RDF?

mNet (o} CXO HARDWARE MICROSOFT STORAGE INNOVATION HARDWARE APPLE MORE

JUST IN MICROSOFT WARNS OF 'DESTRUCTIVE CYBERATTACKS, ISSUES NEW WINDOWS XP PATCHES

Graph databases and RDF: It's a family
affair

RDF is a graph data model you've probably either never heard of, or already dismissed. Why is that, could there be
value in it, and how does it differ from the most popular graph data model out there?

@E By George Anadiotis for Big on Data | May 19. 2017 -- 16:14 GMT (17:14 BST) | Topic: Innovation

http://www.zdnet.com/article/graph-databases-and-rdf-its-a-family-affair/
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Linked Data

Evolving the Web into a
Global Data Space

Semantic
Web

for the
Working
Ontologist

Tom Heath
Christian Bizer

ROF

Heath & Bizer Ruth, Wood & Zaidman Allemang & Hendler
Morgan & Claypool (pub.) Manning (pub.) Morgan Klaufman (pub.)
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Linked Canvas Video Tutorials

LINKED éo CANVAS

Home Design Features

Tutorial Video Series

Synaptica Tech Talks - Data Modeling with
Graphs

This tutorial explores data modeliing
by comparing and contrasting
traditional relational databases with
property graph database and ROF
Linked Data graph databases

|

.i"lvlo

Linked Canvas 60 Second Tutorials: 01
Uploading Images
This tutonal demonstrates how

images may be uploaded and
Linkeo S8 Q canvas managed within Linked Canvas.

Uploading Images

|

Linked Canvas 60 Second Tutorials: 02

Cataloging Images

This tutorial demonstrates how

images may be cataloged within

LNkED $LQ canvas Linked Canvas. Linked Canvas
supports an extensible set of image-

u level metadata

Cataloging Images

|

Engage About

Showcase Video Series

Bryn Mawr College - The World of the
Symposium

Take a guided tour of a 5th C. BCE
Attic Red-Figure Plate from the Bryn
Mawr College special collection, and
discover insights into The World of
the Symposium. The annotations
and subject indexing (using the
Beaziey Archive Subject Headings)
were prepared by Bryn Mawr
College as a cross-faculty exercise.

View this image live in Linked Canvas

www.linkedcanvas.org
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http://explore.dublincore.net/explore-learning-resources-by-competency/

Browse by Competency

W How does this work?

4+ New Comp Index (588)

+ Fundamentals of Linked Data (126)

+ RDF vocabularies and application peof

(176)
+ Creating and transforming Linked Data (72)
+ Interocting with RDF data (349)

+ Creating Linked Data opplications (0)

View the full Competency Index ¢
Saved Sets of Learming Resources ¢f

Competency-based Learning Maps o

WELCOME!

Register for an account

LOG IN

Usemame or Email Address

—

+ Fundamentals of Resource Description Framework (214)

Explore

Explore Learning Resources by Competency

Tech Talk Updates About FAQ

To Explore Linked Data learning resources, select a competency

ossertion of topic stoh

associated leaming resources

The Competency Index for Linked Data (CI) const;

ser

nal practice in area of Linked Data.

strated in the adjacent pan,
es under the

guidance

the Competency Index ¢f

RTANT NOTES

in the adjacent panel to view o list

ge, skills, and hobits ¢

lmked‘Dataa
anplcg()ugﬂd Daga Principles

&

ected to openly crowd-source expertise in the

ditoriol Board (CIEB)

Contoct the LD4PE Project

DCMl is o project of ASIS&T:

8555 16th Street, Suite 850

Silver Spring, Maryland 20910, USA
Tel. 301-495-0900

Fox: 301-495-0810

m Content on this website, unless explicitly stated

Explore

Tech Tolk

View poge st

[
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Thank You

David Clarke

dave.clarke@synaptica.com

www.synaptica.com

www.linkedcanvas.org
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Managing HTTP-URIs & Linked Data Mapping
Within Relational KOS Management Systems



Minting HTTP-URIs
and Managing GUIDs



STV NLB URI LOD Demo

®/ Limit to Taskview Show All
Display Relationship Abbreviations
Highlight by Category & = @ Item Summary “Fruit
Filter by Relationship *
- © dev.synaptica.net/80/thes/detalls fs
o @
S LOD Person | ttom Sum
“® = NLB_Demo  Descriptor Fruit
= Object NLB_Demo
" Eruit Categories
Apples Status. Active; Candidate; inlocked
uio 31626949
Ornges  Croated jdwyer 5302017 9:28:05 AM
Modified dclarke 5/31/2017 12:15:58 AM
__saw | Add New_| Subsume |
Synaptica & Software Copyrif Refresh ' c | |
Deactivate | Delote | Restorn |
Copy | Linked Data |
Sub-Elements
Descriptor: Fruit
http: i 1fedOba65 88| 33d50d1207b

skos:scopeNote: The sweet and fleshy product of a
tree or other plant that contains
seed and can be eaten as food.

skos:historyNote: ppjished 20170531.

(= Administrative Attributes:

Approval: Candidate :
Workflow: Normal §
Language: English $
Locked: Unlocked §
BLAT: Yes ® No
BTN: Yes & No

Example of a Term with HTTP-URI and GUID

Relationships
Add/Edit Relationships | Tree View | Visualize |
& Limit to Taskview Show All

Fruit

Top Level Parents

Parents

Children

NT Apples (NLB_Demo)

NT Oranges (NLB _|

Demo)

All terms in Synaptica always have a
system-generated unique ID (UID).
It is a sequence number unique to
each term in the database instance.
It is used as the primary ID for
terms internally and in
imports/exports.

Synaptica also supports the
creation of HTTP-URIs. A URI is
composed of an HTTP-prefix
followed by a unique ID. Any HTTP
prefix can be configured in the
Admin. tools, thereby supporting
custom namespaces. The unique ID
has three options: (i) the Synaptica
UID; (ii) a true GUID (random 32
character alphanumeric); or the
term descriptor. A descriptor is
more user friendly than an ID, but is
generally discouraged because it
necessarily favours a single natural
language and because descriptor
terminology may change over time.
The GUID is longer and more
cumbersome than a UID, but GUIDs
are generally preferred by the
publishing industry as they are
universally unique.




Example of Triples Output

et 8 NLB URI LOD Demo User: Dave Clarke ; Parmission: SA Version 8.0 Leg Out Help

SQL Server DEV 8.0

\-Z Bro \dd

RDF Triples

Open Saved Reports

Report Parameters

Taskview: Using Current Taskview

Object Class: LOD Person Names
NLB_Demo

® o 2017_05_31_1025859_dclarke.txt
out @ dev.synaptica.net/80/report 3 7.05_31_t025859_ dclarke.txt Q

. # Triples

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

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

Eprefix skos: <http://www.w3.0rg/2004/02/skos/core#> .

a <Vocab_11850> a skos:ConceptScheme ; rdfs:label "NLB_Demo" .
<31626949> a skos:Concept .
sl <31626949> skos:inScheme <Vocab_11850> .
g <31626949> skos:prefLabel "Fruit"fen .

<31626949> http://synaptica.net/concept/ "http://synaptica.net/. pt/91 59e4 833d50d£207b" .

<31626949> skos:scopeNote “The sweet and fleshy product of a tree or other plant that contains seed and can be eaten as food." .
<31626949> skos:historyNote “Published 20170531." .
. <31626949> skos:narrower <31626950>_ .

S/ £31626949> skos:narrower <31626951> 7

<31626950> a skos:Concept .
<31626950> skos:inScheme <Vocab_11850> .
<31626950> skos:prefLabel "Apples”fen .
<31626950> http://synaptica.net/concept/ "http://synaptica.net/concept/d2dd effadcb93868£716246" .

<31626950> skos:scopeNote "The round fruit of a tree of the rose family, which typica hin green or red skin and crisp flesh.” .
<31626950> skos:historyNote "Published 20170531." .
<31626950> skos:broader <31626949> .

<31626951> a skos:Concept .

<31626951> skos:inScheme <Vocab_11850> .
<31626951> skos:prefLabel "Oranges"fen .
<31626951> skos:scopeNote "A large round juicy citrus fruit with a tough bright reddish-yellow rind." .
<31626951> skos:historyNote "Published 20170531." .

<31626951> http://synaptica.net/concept/ "http://synaptica.net/concept/6£77lecdl5£f84e2cad3bff6c4B81987bc" .
<31626951> skos:broader <31626949> .

The optional LOD module which will
be released with V8.0 supports the
export of triples. These can
leverage namespace prefixes and
HTTP-URIs for terms and predicates
(relationship types and property

types).

In this example Synaptica UIDs are
used as Subjects and Objects in the
triples, but in the final version to be
released term HTTP-URIs could be
used to directly represent Subjects
and Objects.




Configuring a concept scheme to use HTTP-URI-based properties

RV NLB URI LOD Demo

HTTP-URIs for terms and properties
can be configured in the Object

Class manager.
Object Class Manager

Return to Main Object Class Management Page In this example the scheme

‘NLB_Demo’ has been configured
Change Existing Object Class: NLE_Demo (UID: 11850) P

with three HTTP-URI properties:
Abbreviation
Dosektion skos:Concept; skos:scopeNote; and
Allow Tree Browse skos:historyNote.
Allow Visualization
Show  Hide Advanced Options
Update Object Class

13238

RulesPrj.cExAttDefault
3

3000

§31/2017 12:10:02 AM
ddlarke
skos:historyNote

Note the use of RDF namespace
prefixes, which will also be
illustrated on a subsequent screen.




Configuring a concept scheme to use HTTP-URI-based properties

RV NLB URI LOD Demo

The HTTP-URI property for terms
(concepts) uses the skos:Concept
> ) > predicate to identify the URI and
Object Class Manager the data entry rule has been set to
use an HTTP Prefix value + a GUID.

Change Existing Object Class: NLB_Demo (UID: 11850)

NLB_Demo
NLB_Demo
® Yes () No

® Yes () No

Other Functions For This Object Class: NLB_Demo (UID: 11850)
+ Descriptor Elements

«+ Descriptor Elemant Lookups
« Extended Attributes « Sub-Element Display Order
+ Object Class | Relationship Rules-Base « Object Class / Category Rules-B:
« Object Class / Linked Data Rules-8
Edit Existing Extended Attribute
Back

Required Information:

Ul Label skos:Concept

$Show / Hide Advanced Options

Advanced Options:
(Keep default selections unless other settings specifically req:
Require Data Yes @ No

Entry

Data Entry Rule  prefix + Entry
Prefix + GUID
Prefix + UID
Ex.Att. Default

Max Length 3000

3 In this example a full HTTP prefix

has been specified for concepts, but
Bl we could have used a namespace
prefix if specified in the RDF
Namespace Manager.




Mapping Internal Concepts
to External Linked Open Data



® Limit to Taskview Show All
Display Relationship Abbreviations
Highlight by Category

Filter by Relationship Type
LN

»
*® 5 LOD Person Nam © dev.synaptica.net/80/thos/detalls fs.asp?vunid=31727243

Barack Obama  Item Summary

SQL Server DEV 8.0

\-Z Browse \dd

<o b J Descriptor Barack Obama
e Object LOD Person Names
Categories
Status Active; Candidate; Preferred; Uniocked
. uID 31727243
Synaptica & Software Copyright @ Created dclarke 5/31/2017 12:38:45 AM
Modified dclarke 5/31/2017 12:38:45 AM
Cswe | [ AddNew | | sbsume |
__Refwsh | Caiegodes | sy |
| Dolete | Resiors_|
Copy | _Uinked Data |
Sub-Elements
*Last Name: Obama
First Name: Barack
= Administrative Attributes:
Approval: Candidate 3
Workflow: Normal §
Language: English §
Locked: Unlocked §
BLAT: Yes @ No
BTN: Yes @ No

Example of a person name record before LoD mapping

Linked Data

Data Source:  All

[) User: Dave Clarke ; Permission: SA

Version 8.0 Log Out Help

This named entity only has two
fields of information in the internal
taxonomy.




SQL Server DEV 8.0

@ Limit to Taskview Show All

Display Relationship Abbreviations
Highlight by Category
Filter by Relationship Type
L

“® E LoD Person Nam © dev.synaptica.net/a(

Barack Obama  Item Summary

\dd

-
“® & NLB Domo Descriptor Barack Obama
- Object LOD Person Names
Categories
Status Active; Candidate; Preferred; Unlocked
uip 31727243
Synaptica & Software Copyright @  Created dclarke 5/31/2017 12:38:45 AM
Modified dclarke 5/31/2017 12:38:45 AM
Refresh | | History |
Deactivate | Delete | Restors |
copy | Linked Data |
Sub-Elements
*Last Name: Obama
First Name: Barack
= Administrative Attributes:
Approval: Candidate  $
Workflow: Normal &
Language: English 4
Locked: Unlocked §
BLAT: Yes @ No
BTN: Yes @ No

D_search. Nd=317272430

Searching LoD sources to identify a mapping target

S NLB URI LOD Demo

ftem Summary “Barack Obama*

Linked Data

Data Source: DBPedia: People
Search Phrase: Barack Obama
Smart Begins ® Contains

Resource Search Results

Language Filter:| en § |

Exact

After pressing the Linked Data
button the system allows the user
to choose a pre-configured data
source (SPAQRL endpoint) in this
case Dbpedia people, and search
for matching entities. The keywords
of the descriptor and non-preferred
terms can automatically be used to
initiate a search.

All matching entities in the LoD
data source are displayed and can
be previewed. Language filters are
provided. In this example the
second entity will be selected.




Selecting a mapping relationship and target properties

® Limitto'
Display

Synaptica ® Sal

e o
© dev.synaptica.net/80/thes/details_fs.asp?vunid=31

Item Summary

Descriptor Barack Obama

Object LOD Person Names

Categories

Status. Active; Candidate; Preferred; Uniocked
uio 31727243

Created ddiarke 5/31/2017 12:38:45 AM
Modified dclarke 5/31/2017 12:38:45 AM

= Administrative Attributes:
Approval: Candidate &
Workflow: Normal
Language: English &
Locked: Unlocked 4
BLAT: Yes ® No
BTN Yes ® No

727

24

3

AD 11511 AN Damn a
Item Summary "Barack Obama*

Properties for Resource

Mapping Relationship:  owi:sameAs ¢ Remove Resource

Selected Properties
Property Value

Additional Available Properties
Language Filter: en$

Property Value
v dbo:abstract en Barack Hussein Obama Il (/e rak hu: 'sein ou ba:ma/; born August 4, 1961) is an American politician serving as the «
President of the United States, the first African American to hold the office. Born in Honolulu, Hawaii, Obama is a grad
of Columbia University and Harvard Law School, where he served as president of the Harvard Law Review. He was a
community organizer in Chicago before eaming his law degree. He worked as a civil rights attorney and taught
constitutional law at University of Chicago Law School between 1992 and 2004. He served three terms representing th
13th District in the Ilinois Senate from 1997 to 2004, and ran unsuccessfully in the Democratic primary for the United ¢
House of Representatives in 2000 against incumbent Bobby Rush, In 2004, Obama received national attention during
campaign to represent lllinois in the United States Senate with his victory in the March Democratic Party primary, his
keynote address at the Democratic National Convention in July, and his election to the Senate in November. He begar
presidential campaign in 2007 and, after a close primary campaign against Hillary Rodham Clinton in 2008, he won
sufficient delegates in the Democratic Party primaries to receive the presidential nomination. He then defeated Repub’
nominee John McCain in the general election, and was inaugurated as president on January 20, 2009. Nine months a
his inauguration, Obama was named the 2009 Nobel Peace Prize laureate. During his first two years in office, Obama
signed into law economic stimulus legislation in response to the Great Recession in the form of the American Recover
Reinvestment Act of 2009 and the Tax Relief, L and Job Creation Act of 201
Other major domestic initiatives in his first term included the Patient Protection and Affordable Care Act, often referred
*Obamacare”; the Dodd-Frank Wall Street Reform and Consumer Protection Act; and the Don't Ask, Don't Tell Repea
of 2010. Inlormgnpchcyobamaondodus military e in the Iraq War, U.S. troop levels in
Afghanistan, signed the New START arms control treaty with Russia, ordered U.S. military involvement in Libya in
opposition to Muammar Gaddafi, and ordered the military operation that resulted in the death of Osama bin Laden. In
January 2011, the Republicans regained control of the House of Representatives as the Democratic Party lost a total ¢

seats; and, after a lengthy debate over federal spending and whether or not to raise the nation's debt limit, Obama sig /

the Budget Controi Act of 2011 and the American Taxpayer Relief Act of 2012. Obsmawnnme{saadpmsaduvlm
November 2012, defeating Republican nominee Mitt Romney, and was swor in for a second term on January 20, 20
During his second term, Obamahaswmsdmewcpdlcumlammwnmnmmmspmulo g
Elementary School shooting, and has called for greater i i 5
Mhnohmmmm%%ﬂbmommolwmm«l 150 0f
sex marriage bans as unconstitutional. In foreign policy, Obama orﬂond U
gains made by the Isiamic State after the 2011 withdrawal from |y
in that led lo-4e
nuclear deal with Iran, and normalized U.S. relgioasWith Cuba.
« dbobithDate 1961-08-04

v rdfsiabel en Barack Obama
foaf:name en Barack Obama

prooess of ending U.S. combat
15 Pans Agmemem on global cimate change, brok

Back to Resource Results Apply Close

A mapping relationship is then
selected — in this case ‘owl:sameAs’.

Individual properties belonging to
the target entity can then be
selected. When the Apply button is
pressed two things happen: (i) a link
is created between the internal
entity and the external entity using
the specified mapping relationship;
(ii) the selected properties are
copied (dereferenced) from the
target data source and stored inside
Synaptica, where they form an
integral part of the internal entity
record.




Viewing an internal record with mapped Linked Data

® Limitto!

Oisplay
Fifer Sv e
“eBy

- |

"Olﬁgq

MCS!

L Item
® dev.synaptica.net/80/thes/details_fs,aspPvunid=3172724

Item Summary

Descriptor Barack Obama

Object LOD Person Names

Categories

Status Active; Candidate; Preferred; Unlocked

uio 31727243

Created ddlarke 5/31/2017 12:38:45 AM

Modified dclarke 5/31/2017 12:38:45 AM

__Refrosh_ |

| Delete | Restors |
copy | Linked Data |

Sub-Elements
*Last Name: ‘Obama
First Name: Barack /
Linked Data
rdfs:label (DBPedia People): Barack Obama
dbo:birthDate (DBPedia People): 1961-08-04
dbo:abstract (DBPedia People): Barack Hussein Obama Il (/ba ra:k hu: setn ou ba:ma/; bom

August 4, 1961) is an American politician serving as the
44th President of the United States, the first African
American to hold the office. Born in Honolulu, Hawali,

Chicago Law School between 1992 and 2004. He served
presenting the 13th District in the Ilinois

Representatives in 2000 against incumbent Bobby Rush. In
2004, Obama received national attention during his
mmpa»qn 1o represent lllinois in the United States Senate
with his victory in the March Democratic Party primary, hll
keynote address at the Convention
July, and his election to the Senate in November. Hobegnn
ummalump..gnnzoovm after a close primary
campaign against Hillary Rodham Clinton in 2008, he won
sufficient delegates in v.ho Democratic Party primaries to

and was inaugurated as president on January 20, 2009.
Nine months after his inauguration, Obama was named the
2009 Nobel Peace Prize laureate. During his first two years
in office, Obama signed into law economic stimulus
Ioguhﬂonnmpuuotoma(sfu it Recession in the form of

the American m Reinvestment Act of 2009 and

ALD 11D AR Oama

Obama*

Relationships

AJJ/Edit Relationships | Tree View |

® Limit to Taskview (. Show All

After mapping the term record of
an internal entity will display both
internal and external data together.
In a combined view. Reports and
exports can also be generated that
deliver a combination of the two
data sources.




RDF Namespace Manager

EEPFR NLB URI LOD Demo [) User: Dave Clarke ; Permission: A Version 8.0 Log Out Help RDF Namespace Manager allows

namespaces and prefixes to be

created and managed in the
RDF Namespaces Manager

+
Systems

Existing RDF Namespaces Details:

Igdo Namespace Abbreviation skos

:':1 Description SKOS Simple Knowledge Organization System
URI :

pos Modified By smaslow

;"" Modified 101412016 11:24:56 AM

rdfs

skm

skos.

soic

veard

xsd

_Add | Edn| Do |

Synaptica ® Software Copyright © 1995-2017 Synaptica, LLC. All Rights Reserved.




Linked Data Source Manager

SQL Server DEV 8.0 R NLB URILOD Demo (3 User: Dave Clarke ; Permission: SA Version 8.0 Log Out Help

rows 4 Add

Linked Data Source Manager allows

: ¢ any publicly accessible SPARQL
> endpoint to be configured.
Linked Data Source Manager

Existing Linked Data Sources Details:
{BBC in BlazeGraph URI hitp:/idbpedia.org/sparal
BBC Programmes DBPedia
BBC Programmes and Music Modified 8/31/2016 6:12:17 AM
Data.gov (resolving to HTML address as of 314/17)|  modified By dclarke
DBPeda
Europeana Labs

Getty

Linked Geo Data
Linked Movie Database
LinkedMDB

OASIS Linked Data
|SeanTest in BlazeGraph

| ] e )

Synaptica ® Software Copyright © 19852017 Synaptica, LLC. All Rights Reserved.




Linked Data Mapping R

L Server DEV 8

Linked Data Mapping Relationships Manager

.0

\dd

Linked Data Mapping Relationships
Manager allows any mapping
predicate to be configured.

ki Ralatiorbie
Existing Mapping Relationships Details:
erents Abbreviation owl:sameAs
owl:sameAs Description owl:sameAs
skos:broadMatch Modified By idwyer
Modified A4IT/2016 3:18:42 PM
_Aad | Edu| Delete |

Synaptica ® Software Copyright © 1995-2017 Synaptica, LLC. All Rights Reserved.




SQL Server DEV 8.0
o " e

\dd

Object Class Manager

Return to Main Object Class Management Page

Change Existing Object Class: LOD Person Names (UID: 11852)

Abbreviation LOD Person Names
Description LOD Person Names
Allow Tree Browse ® Yes () No
Allow Visualization ® Yes () No
Show / Hide Advanced Options

Update Object Class

Other Functions For This Object Class: LOD Person Names (UID: 11852)

Concept Scheme to Linked Data Mapping Manager

LV NLBURILODDemo

« Descriptor Elements + Descriptor Element Lookups
+ Extended Attributes + Sub-Element Display Order
« Object Class / Relationship Rules-Base « Oblject Class [ Category Rules-Base
+ Object Class / Linked Data Rules-Base

User: Dave Clarke; Permission: SA

Version 8.0 Log Out Help

Object Class Linked Data Rules-Base Manager

Existing Linked Data Rules Details:

Zlabel where { a foaf:Person . rdfs:label 7tabel . #textfilter } LIMIT 100

BBC Programmes: Stuff uiD 1081

Dopede: Pyl Data Source  DBPedia (htiplidbpedia.ora/sparal)
DBPedia: Places SPARGL et

Getty: General o

reetdonigd Mappings  Mapping Default  Actions
OASIS Linked Data: U.S. Presidents | aq Maoos owl:sameAs Yes  [ggi l Delete |

‘OASIS Linked Data: Vehicle Brands

foaf:name
Add
I

_Add | Edt| Deleto | dbo:birthDate

dbo:abstract

No

Yes

Z z

skos:broadMatch  No 2] ﬁl

1o | _povetycrs |
61| ot | sy crans |
1ot ey cras |
"6t | oset | sy cans

The Object Class / Linked Data
Rules-base link inside the Object
Class Manager tool allows an Admin
user to configure which Linked Data
sources an internal taxonomy can
link to; which mapping
relationships it can use; and which
specific property fields belonging to
the external Linked Data source can
be selected for dereferencing.




