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Semantic cake

The Semantic Web Technology Stack
(not a piece of cake...)

Most apps use only a subset of the stack

QGuerying allows fina-gralnud data access

Standardized information exchange is key

Formats are necessary, but not too important
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The Semantic Web is based on the Web ‘..-"‘
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Linked Data uses a smaill
selection of technologies
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Organized semantic knowledge

e Can take several forms, more or less
organized

- Folksonomies
* lightly coordinated collection of labels

—Vocabularies : taxonomies, thesaurl,
controlled vocabularies

e [abels
e set of definitions
e relations between labels

- Ontologies
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Astronomical vocabularies

e Journal keywords

 Astronomical databases

- SIMBAD object types
- Hands-On Universe

» Astronomical Outreach Imagery
* 1993 |IAU Thesaurus

- multi-lingual
* |\VOA Unified content descriptors
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IVOA standard

International Virtual Observatory Alliance

IVOA Documents
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Vocabularies in the Virtual Observatory
Version 1.19

IVOA Recommendation 07 October 2009

Interest/Working Group:
http:/fwww.ivoa.net/twiki/binfview/IVOA/IvoaSemantics

Author(s):
Sébastien Derriere, Alasdair | G Gray, Norman Gray, Frederic V Hessman, Tony Linde, Andrea Preite Martinez, Rob
Seaman and Brian Thomas

Editor(s):
Alasdair | G Gray, Norman Gray, Frederic VV Hessman, Andrea Preite Martinez
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State of the art

e Some vocabularies exist

* VVocabularies are expensive to :

- produce
- link to data (annotation)

 Embrace the existing vocabularies
—In their diversity
- with different scopes

* Retain previous investment by

— uSers
—resource owners
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Multiple vocabularies

* One vocabulary to rule them all ?

- very expensive, for both creation and
for users to buy

 Embrace diversity

- different granularities, audiences
—-vocabularies evolve separately

 These vocabularies evolve
—versioning is important !
* Need for mappings

2010/06/19

Astrosemantics workshop



SKOS-based vocabularies

« SKOS = Simple Knowledge Organization
System (W3C standard)
e Concepts

- URI
- prefLabel (mult. lang. + alternate labels)
—definition
- relationships to other concepts
* Thesaurl :

-preferred, broader, narrower, related term
* No subsumption, not transitive
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SKOS-based vocabularies
XML Syntax XML/RDE

<skos:Concept rdf:about="urn:example#spiralGalaxy"=
<skos:altLabel xml:lan ' ‘altlLabel=
<skos:broader rdf:resource="urn:exampleggalaxy"/>
<skos:definition] xml:lang="en"> A spiral galaxy is defined here
following the definition in ... </skos:definition=
<skos:hiddenLabel xml:lang="en"=spiral glaxy</skos:hiddenLabel=
_<skos:narrower| rdf:resource="urn:exampleg¢barredSpiralGalaxy" /=
<skos:notation rdf:datatype= : ation"=5.1.1</skos:notation=
<skos:preflLabel xml:lang="d " Splralqalaxle </skos:prefLabel=
<skos:prefLabel xml:lang="en"=spiral galaxy</skos:prefLabel=
(<skos:related rdf: reanurce—"urn examp legspiralArm" /=
<skos:scopeNote xml:lang="en"=The Sa/Sc/Sd subtypes of Spiral
galaxles are not represented here,
and should be noted in image comments.</skos:scopeNotes
</skos:Concept=
<rdf:Description rdf:about="urn:example# notation"=
<dc:description=Notation described in foo.pdf</dc:description=
</rdf:Description=
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SKOS-based vocabularies

» skos:.conceptScheme
—title, creator, description, created
* Versioning information with change notes

* TOp concepts
» Collections of concepts
» Mappings to different vocabularies
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Publishing vocabularies

* A published vocabulary

- must have dereferenceable namespace
- SKOS (+Turtle) format
—concepts + prefLabels
-long-term available
-versioned
» Versioning :

—-the concept URI should not contain version
Information
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Repository

» http://code.google.com/p/volute/

@pgo Volute E—
w Inter-project repository for the VO SEELREeE
Project Home Downloads Wiki Issues Source

Summary | Updates | People

volute: a shared repository for the VO Activity: =1 Medium

H;-'_r Code license:
i GHNU General Puhlic License v2

Labels:
vo, thesaurus, vocahulary, ivoa,
simulation, datamodel

Featured downloads:
Wocabulanalidator-0.2 jar
Show all »

External links:
VoA Semantics group
VOA Theory group

IVOA GWS group
IVOA Apps SAMP page

The volute repository is intended to act as an area for inter-project collaboration between participants in the IVOA. Joint work on ad-hoc projects can

be a hit of a fuss if participants don't come from the same group (such as AstroGrid, Euro-VO, NVO, and so on), and so can't easily get accessto a Feeds:
commaon code repository; and sometimes wikis just aren't enough. Project feeds

*
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navigation

what can you do?

hain Fage
Recent changes
Browse data

Browse Vocabularies
EBrowse People
Browse Organisations
Add aterm..

Browse All Terms

help

Help
Referata help

data export

Wiew KWL
RDF

search

Go Search
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http://vocabularies.referata.com/

Collaborative development

2 Login ! create account Log in with OpenlD

page discussion edit history

Main Page

This wiki is a testing ground for collaborative astronomy vocabulary development, run by Norman Gray, Stuart Chalmers and ladh Ounis, originally as part of the Explicator
project (see hitp explicator.des gla.ac Ukl &).

If you have any gueries about using this site, or would like to add your own astronomy vocabulary, please contact us.

How to use this site? [edit]

This site allows you to publish and then work together on developing a vocabulary. What would this look like? A good place to start is just to dive straight in and look at the
currently available vocahularies:

Currently hosted astronomy vocabularies

Why use this site? [edi]

A good guestion! There are many examples of vocabularies already in use {e.g. http:/a voa.net/rdivocabulariesivocabularies-20090825/VOAT/dict/A html &), but there
are a number of advantages to editing using Semantic Mediawiki as a basis for developing new ones, or hosting vocabularies already developed:
Collaborative Development
The wiki ethos means that any collaborator can edit vocabularies, and these edits are fully traceable and assignable to that collaborator. It offers much more in terms of
collaboration than a static web presence.
Semantics

The vocabularies here can be edited then exported using a structured, machine-readable semantic represenatation. There is no need to have the web representation of the
vocabulary separate from the machine understandable version. A semantic mediawiki provides you with both - you can immediately get access to a structured machine-
readahle version of your updated vocabulary.

In-depth search
We can search intelligently over data held in the wiki and query data like you would a database. For example, "find me all terms narrower than ‘Arith™. Go to the

Merarial-AclkT nana fclick hara Snacial- el and antar [Thlarrmwar -Arith1l - the caarch racilte can he avnnrtacl in a2 nomhar of fnrmate o evan ambaddad and recead in
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Collaborative development

2 Login | create account Log in with Cpeni

page dizcussion edit hizstory

BLUESTRAGGLER:IAUTS3

Definition
ScopeNote
prefLabel |[ELUE STRAGGLER
AltLabel
ESTRELLASIOVEMES:IAUTES, YOUNGSTARS: IAUTES, JUNGESTERNE IAUTI3, STELLEGICWANLIAUTIZ, ETOILEJEUNE JAUTIS,

Broader MAINSEQUENCESTARS:IAUTE3, STELLEDISEQUENZAPRINCIFPALE 1AUTI3, ETOILEDELASERIEPRINCIPALE 1AUTI3, HAUPTREIHEMSTERME 1AUTY3,
ESTRELLASDESECUEMNCIAPRIMNCIFAL IAUTIZ

Harrower

e

AMMASSIAPERTLIAUTIZ, AMASOUVERTIIAUTIZ, OPENSTARCLUSTERSIAUTIS, CUMULOSESTELARESABIERTOS IALUTES,
OFFEMESTERMHALUFEMN:IALUTIS

Related

Category: [AUTI3

Facts about BLUESTRAGGLER:IAUTO3 & FDF feed g
Broader ESTRELLASJOVEMESIAUTES + &, YOUNGSTARSIAUTES + &, JUNGESTERNEIIAUTIS + &, STELLEGIOVANLIALUTIZ +
ETOILEJEUMEIALUTIZ + &, MAINSEQUENCESTARS IAUTOZ + &, STELLEDISEQUEMNZAPRIMCIPALE:IAITIZ +
ETOILEDELASERIEFRIMNCIPALEIAUTES + &, HAUPTREIHEMSTERMEIALUTYZ + &, and
ESTRELLASDESECUEMNCIAPRIMCIPALIAUTAES +
Preflabel EBLUE STRAGGLER +

Felated AMMASSIAPERTEIAUTEZ + &, AMASOUVERTIALTSS + &, OPENSTARCLUSTERSIALTIZ +
CUMULOSESTELARESABIERTOS:1AUTIE + &, and OFFEMESTERMHAUFEM:IAUTAZ +
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e skos:exactMatch, skos:relatedMatch
e skos:broadMatch, skos:narrowMatch

2010/06/19

Mapping vocabularies

Eile

Vocabulary for Astronomy & Astrophysics Journal keywe

¢ [ Galaxies -
[ GalaxiesAbundances
D GalaxiesActive
[ GalaxiesBlLacenaeOhjectsGeneral
[ GalaxiesBulges
D GalaxiesClustersGeneral
[ GalaxiesCoolingFlows
D GalaxiesDistancesAndRedshifts
[ GalaxiesDwart

b Il 3
Galaxies: bulges

Broader Terms

& Galaxies

Selected Left Wocabulary Term
GalaxiesBulges

Save All Save Selected

IVOAT Thesaurus - Version Wed Mar 19 14:10:22 2008

bl axtiurarnegr e

o= [ atlas

o= [ atmosphere

o= [ atmuospheric radiation

= | o[ hinary system
o= [ hlue okject
o= [ bubhle
¢ [ bulge
< D Galactic bulge
o= ] burst
o= [ calendlar
o[ calikiration

Galactic bulge

Related Terms

# Galactic center
& Galactic plane
® Galactic structure
o Milky Way galaxy -

Match Type
narrow atch |GalacticBulge

Delete Selected

Higue

http://explicator.dcs.gla.ac.uk/code/

Fight Yocabulary Term

Delete All
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Ontologies

 Represent domain knowledge in terms of
classes, properties and relationships

* They are not

- simple hierarchies of concepts
—expert systems, decision trees

* Description logics
e Inference
e Reasoners
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In other disciplines

* Gene Ontology
- huge collaboration
-thousands of concepts
- updated dalily !
» Bioinformatics is 30 years ahead of
astroinformatics
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In astronomy

vsto_all Protégé 3.2 beta (file:/Applications/Protege_3.2_beta/vsto_all.pprj, OWL / RDF Files)
Eile  Edit Project OWL Coce Tools Window Help

- DelE B3 ws ¢% BHEH a9 gpmfégé
—
. — I r | @ Metaciata (vsto_all.owl) | © OWLClasses | B Properties | @ Indiiduals | = Forms |
G FEET

For Project: @ vsto_all For Class:  vstoiInstrument (instance of owi: Class) [] Inferred view

P .
Asserted Hierarchy e FTHemn | [ Annotations

owl:Thing Property valug | Lang
b O vstosAbstraciProcess ralfs:comment A device that measures a physical phenomenon or parameter. AL a minimum, it possesses a detector which produces a
b O vstosAbstracisemice signal from which the clesired quantity is calculated or inferred. The detector signal possesses the information needed to

either obtain the value of the phenamenon (e.g, temperature: a voltage is converted into a temperature unit) or infer fis

wstazAltribute A

walug uging further processing and computation (magnetic fields: detector intensities at a different wawelengths anc
wsto:DataArchive polarization states are processed to infer a magnetic field strengthl

»> wsto:DataProcuct

L]
st Diataset An instrument does not necessarily require a way'o store its measured quantity e.g, a hard diskl
»> wsto:Detector
wsto:ElectricCharge

wetn:GeographicBoundingBox
v vstinstrument
> ustocFilterinstrument =

wstorGr umen
wstarMagnetammeter
¥ O wstocOpticalinstrument

wsto:Heliograph
wstnilmager
wstocinterferameter

vsto:Detector

wstorLidar
wsto:Phatometer vsto:Observatory
wtocPolarimeter
wslo:Specirometer o
v wsicRadar
wstorBistaticRaclar A vsto:lnstrument
wsto:CoherentianosphericRadar vsto:Parameter
wsto:DopplerRadar
wstorGroundBasedRadar
wto:IncoherentscanerRacar
wsto:PhasedArrayRadar
st Synthetic ApertureRadar ) vsto:Dataset
B O wstossounder :
wEtn:Spectrograph
sto Telescope
vsto:NanDimensionalQuantity owl:Thing %
vstorNumericalintenal
wsto:Observatory
b vstocParameter 7
> wsta:PhysicalDomain
> O vstoePhysicalDomainstate
wsto:Physicalquantity
vstocTimelnterval

YYYVYVYYY

wvsto:DataArchive

v

vsto:MetadataService

vsto:instrumentOperatingMode »

L] Disjoints
sto Parameter
sta; Aftriute
Vit Abstractsenice
Vst Observatary
wsto:Detectar
wsto:AbstractProcess
vsto DataProduct
vsto; Dataset

& B @ Logic View © Properties View
4
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StellarObjectinDoubleStar

StellarobjectinCluster

Stellarobjectinhebula

Stellarobje ctinassociation

YoungEromnDwar_

T PreMainSequenceStar J<t— ' Herbigharo
o—— \. &

= Bronnbwarr

“ClassicalT-Tauri

_(kstar)
T Weak-lineT-Tauri

CBriliamGiant )
SubGiant )
(wstar

astar)

~(ostar)

In astronomy

Nearinfraredsource

Gant Yo

| >~ =
~(Supertiant

StellarRemnant

Comet

* Ontology of astronomical
object types | *
« 2 IVOA notes =
—description

Detascuti

RLyrac )

CGalaxyincluster

Brightiebula

“ActiveGalactichuclel
RTau

“QuasiStellarObject
CMolecularCloud 1 Cepheid

ChassicalCepheid_

L =
——— RadioGalaxy )

(BetaCephel

SubillimetricRadioSourc

CPulsatingstar

N

MiraCeti

Neutranstar

Alpha2CanumVenaticarum

\ Redobject) -
P - J CFarinfraredSource
& InfraredSource -
- = - - T Bvoraconis )
Opticasoures |/ -
———{_Pulsar

MillimetricRadiosource

TUttraVicle Source
B I\ Ccentimetrickadiosource

GammaRaysource
g— 5 —
MetricRadiosauree

HighMtassXrayBinary

BlueObject

\
\
\ \ & e EllipsoidalVariablestar
N Rotational lyVariableObject - P
\ 1 o AL
‘ . =2 - o FCanumvemaicorum
N XRaySource y-—— P ===
= FuOrionis
~ % .
\ ansbieoniect | =
Cluseromteliarobjeces < opencluser TR
\ 5 GalaxiesGroup ) Calobularciuster o

GalaxiesCompactGroup

Galaxypair

CEelipsingBinarywuna

CompasiteObject << SuperClusterofGalaxies .
= _ (Doublestar <
R EclipsingbinaryBetalyrac

e
N ~

Mutiplestar
EclipsingBinaryAlgl

PlanetaryNebula

ClusterofGalaxies

“Assaiation0fStars
NovalikeObject

AtHe rCatachsmicvariale
N\ e
DQHerCataclysmicvariable
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In astronomy

* Ontology for access control

—-resources in the Registry
- user roles

* Astronomy Ontology (E. Shaya)
» Astronomy knowledge base (U. Ottawa)
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Use cases

* Registry query builder
* Registry resource finder
» Consistency checking
» Keyword mapping
* Ontologies for data mining
- see Matthew's slides from Victoria interop
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Pros and cons

* Precise representation of knowledge

» Large support from CS community
- Existing libraries, frameworks

* Not adapted for probabilistic bayesian
approach

-true “Iin most cases”
« Scalability
- petascale triplestores ?
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Labels and tagging

* |nclude labels in the ontology
- map ontology concepts to vocabularies
 Have data properly tagged

User Portal Ontology Data archive
Y
Concept: Quasar A
_ > —
et s QED label: vocab1=0QSO
quasar

label:vocab2=quasar

~.
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Practical semantics

* Lower level : using vocabularies
- searching
- suggesting
* Intermediate level : domain ontologies

- hierarchies of concepts
- relationships

» Advanced level : knowledge, trust

- knowledge discovery
—data mining
- smart agents

2010/06/19
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