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NEXT-GENERATION KNOWLEDGE INFRAS'

THE 4TH PARADIGM AND THE SEMANTIC WEB

Empirical
Theoretical

Computational

Thie Explorational
FOURTH

PARADIGM Value Proposition of the Semantic Web
DATA-INTENSIVE SCIENTIFIC DIscOVERY m Publishing and Retrieving

m Interacting and Accessing

m Reusing and Integrating

http://research.microsoft.com/en-us/collaboration/fourthparadigm/

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ



MOTIVATION
oe

NEXT-GENERATION KNOWLEDGE INFRASTRUCTURES

LINKING DATA AS NEXT-GENERATION INFRASTRUCTURE

Data Silos
m Web services
m Databases
m Web pages

m hinder ad-hoc combination
m enforce data models
m limit re-usability
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FROM DOCUMENTS TO DATA

FROM LINKED DOCUMENTS TO LINKED DATA

Workshop: SeCoGIS2012

located

77 City: Florence

Person: N S eCrrereiiatansd

Juan Carlos 1. .

City: Urbe 0

~

OWLsameAs 3
City: Rome
triplify

Use Uniform Resource Identifiers (URI) to identify entities, link them to other
entities, encode information about these entities using the
machine-understandable RDF, and make them available on the Web.

located

birthPlace Country: Italy

hasCapital

JaNowicz
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EXPLORING LINKED DATA

EXPLORING LINKED DATA RELATED TO FLORENCE, ITALY

RelFinder & w i © e
between examples

@) Florence

@ [Tuan Carlos 1ot Spaim
add clear | | Find Relations

+

Filter by relations: (15/15)

a length | class | lnk | a6 conne

number ofobjects num

1 n

2 1ar1e

Ttaly - v

Mare Infost dbpedia.org

Tealy Listen/ &I/, offcially the Italian Republic or
the Republic of Iealy, is a unitary parliamentary
republic in zouth-central Eurape. To the north, it
borders France. Switzerland, Austria and Slovenia
along the Alps. Ta the south, it consists of the
entirety of the Tealian Peninsula, Sicily,
Sardinia~the tuo largestizlands in the
Mediterranean Sea-and many other smaller
islands. The independent states of San Marino and
the Vatican Ciey are enclaves wichin Traly, while
Camoions d'Ttalia s an Ttalian exclave in

PO D. ND L DPER

Explore information related to Florence using the Linked Data (DBpedia).

desthplace
birthPlace
Spain
. birthPlace
Pedro Alvares: de Tal
Baldass ars Castiglio
deathPlace

leadertiame Daniel Jarque
et

lace0Me, -
vl deatht pirenplace

Kingdom of Iealy (1 A ARt
birthplace placeome.
Amerigo Vespucei

capital

birthplace,

nationality

stste0fOri

[petecse]

region

Alfanso XIII of Spsin region
e

hesdqusrtar

List of World Heritag

K A W
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EXPLORING LINKED DATA

SEARCHING THE WEB OF DOCUMENTS

Tube Gm:
GO aS[C Populated places with population over 100000 near Mississippi River “
Search About 35 seco
Web lllinois - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/lllinois

Images 1i'no1/ IL--NOY) is the 25th most extensive and the Sth most pepulous of the 50
M United ..... In 1957, Argonne National Laboratory, near Chicago, activated the first ...

aps The Quad Clties region, located along the Mississippl RIver in northem Ilnois, ... lists
Videos seven other cities with populations of over 100000 within Illinois.
News Largest cities in the United States by population by decade ...
h en.wikipedia.org/./Largest_cities_in_the_United_States_by_populati...

opping For further research on year 2000 urban population, the County and City Data Book ...
More Philadelphia had been the most populous city in the United States prior to any .... rapid

growth shows the increasing importance of Mississippl River trade. ..... The Census
Bureau provides a list of all cities with populations over 100000.

Search near...

Natural Earth

www.naturalearthdata.com/

Park units over 100000 acres (~40000 hectares) appear as areas, park units under
100000 acres as points, and linear parks, including rivers, trails, and ... We favor
regional significance over population census in determining our selection of places. ...
The minus 200 meter bathymetry layer is buffered slightly around all ...

Enter location
Set

Show search tools

lllinois - New World Encyclopedia

W pedia.org,
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EXPLORING LINKED DATA

SEARCHING THE WEB OF DATA

g AboutNeofonie  AboutDBpedia | Imprint Help

rch powered
search powered by First | Previous | Next | Last

¥ item .
i Your Filters  geqei Fiters
:‘:M” item type Populated Place %  population total 100000 and up X is city of Mississippi River
i
Place (7)

Populated Place (7) New Orleans 3

more New Orleans is a major United States port and the largest city and metropolitan

J— area in the state of Louisiana. The city is named after Philippe Il, Duc d'Orléans,

[artong.. ]

Mississippi River (8)

Fort Snelling State Park (2)
Gentral High School (Memphis,
Tennessee) (1)

Regent of France, and is well known for its distinct French architecture, as well
as its cross cultural and multilingual heritage. New Orleans is also famous for
its cuisine, music (particularly as the birthplace of jazz), and its annual
celebrations and festivals, most notably Mardi Gras.

more St. Louis, Missouri b
St Louis is an independent city in the U_S. state of Missouri. The city itself has
¥ leader title an estimated population of 354,361 and is the principal municipality of Greater
T — St Louls, population 2,878,834, the largest urban area in Missouri and
16th-largest in the United States. The city was founded in 1764 just south of the
Reayor(7) confluence of the Missauri and Mississippi rivers by colanial French traders
B Pierre Laclede and René Auguste Chouteau, who named the settiement after

King Louis IX of France

faivpng. ]
B

m Populated places have a population, are located, occupy a certain area,...
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EXPLORING LINKED DATA

SEMANTICS-ENABLED GEO-INFORMATION RETRIEVAL

e

=, 7 =l

Reference routes Search for routes within map extent Route recommendations
Suedkante \ 7 [Citop [ cateiite | rivoud ]
Bellissima \ y/4 Overall Ranking
Nordostpfeiler ) ® " Erdenkaeufer Sigl
Suedkurve ' Schober Vs Mon Cheri
Region, Country  Mountainrange :
* Tyrol, Austria Wettersteingebirge Kitn Bayerischer Traum
. o Difcuty Climbing lengin | cess 3 Schober
. w 250 f Pfeilerrisse
Y b discontinuous (Bolf)  Crack, Chimney, Wall - Siemens Wolf Variante 2
Y | Slab

Siemens Wolf
Aquaplaning
Peters Haringer

Nurmber ofpitthes
9

Length Ranking sow ransing
Difficulty Ranking e sekins
Sghober
M{Simpared to reference routes e M ol NN |
Bayerischer Traum
Erdenkaeufer Sigl
| Pfeilerrisse
Peters Haringer
Aquaplaning

si

rovescoer S

Google

Mo deta @208 Tele Allss - 1117 o1 s

-----------1

ot Variata 1

Siarmans Welf Varisrte 2

Siomans Vit

Rock RanKing snow ranking

H Query-by-example, exploratory search & browsing, analogy-based search

E.g., 'Deepwater Horizon oil spill of the 1980s?’, 'Riviera of the United States?’, etc.
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LINKED DATA
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GOOGLE’S KNOWLEDGE GRAPH

Google

Search

Shopping

More

Show search tools

Amerigo Vespucci born

March 9, 1454, Florence

Amerigo Vespucdl, Borm

In 1512 Amerigo Vespucci died of malaria. - Library

iibrary thinkquest.org/JO02578F fvespuccl.ntm

Hello my name is Amerigo Vespucc. | was born March 18, 1454 in Florence, ltaly. When
I was aboy | was interested in astronomy and the study of the universe.

Amerigo Vespucci - Wikipedia, the free encycloped
en wikipedia orgiwiki/Amerigo_Vespucel

ucei was born and raised in Florence, ltaly. He was the third son of Ser
Nastagio (Anastasio), a Florenting notary, and Lisabetta Mini. AMerigo ..

Amerigo Vespucci - Biography of Amerigo Vespucci
geography.about.com » ..» Geography » History of Geography

Learn al about the explore for whom America is named - Amerigo Vespueei, from your ..
Vespucci was bern in 1454 to a prominent family in Florence, ltaly.

Amerigo Vespucci - NNDB

v nndbcom peopl¢/438/000085163

Who gave his name of Amerigo to the new world as America, was born at Florence on
the Oth of March 1451. His father, Nastagio (Anastasio) Vespuecl, was 3 ...

Amerigo Vespucci

Amerigo Vespucci was an Htalian explorer, financier,
navigator and cariographer wh first demonstrated
that Brazil and the West Indies did not represent
Asials eastem oulskirts as initially conjectured

Born: March 8, 1454, Florence
Died: February 22, 1512, Seville

People also search for
[d By ™

Ghristopher ~ Ferdinand  JohnGabot ~ Martin Vascoda

Columbus  Magellan Waldsee...  Gama

AND INTEROPERABILI
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LIMPSE AT THE LINKED DATA ONT(

SOME DBPEDIA FACTS ABOUT FLORENCE, ITALY

MilitaryConflict:
Siege of Florence
(1529-1530)

Airline:
Airaia
place of

Newspaper:
Il Firenze

Company:
Salvatore Ferragamo  ground of

Italia S.p.A /

SoccerClub: ‘
ACF Firenze

location of

Company: Starhotels

Company: Gucci

TIOTEMPORAL DATA AND INT KRZYSZTOF JANOWICZ
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A GLIMPSE AT THE DBPEDIA ONTOLOGY
About: ground

An Entity of Type : ObjectProperty, from Named Graph : http:/dbpedia
[classes#, within Data Space : dbpedia.org

Property Value

rdf type = owl:ObjectProperty
rdfs:domain dbpedia-owl:SoccerClub
rdfsisDefinedBy nttp://dbpedia.org/ontology/
rdfs:label = ground

rdfs:range

dbpedia-owl:Place

About: soccer club

An Entity of Type : Class, from Named Graph : http:/dbpedia.org/resource/c
Data Space : dbpedia.org

Property Value
rdf:type .

rdfs:isDefinedBy » http://dbpedia.org/ontology/
rdfsilabel » club de football
* soccer club
rdfs:subClassOr » dbpedia-ow:SportsTeam
i rdfs:domain of = dbpedia-owlchairmanTitle
= dbpedia-owl clubsRecordGoalscorer
» dbpedia-owl:managerTitie
= dbpedia-owl firstGame
= dbpedia-owl
= dbpedia-owl
= dbpedia-owl
= dbpedia-owl
* dbpedia-owl
= dbpedia-owl:capacity
= dbpedia-owi:manager
= dbpedia-owliseason
= dbpedia-owlhanours
is rdfs:range of = dbpedia-owlsoccerTournamentMostSteady
» dbpedia-owl soccerTournamentLastChamplon
» dbpedia-owl soccerTournamentMostSuccesfull
i rdfs:SUBCIassOf of » dbpedia-owl:NationalSoccerClub

TEMPORAL DATA AND I
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A GLIMPSE AT THE LINKED DATA ONTOLOGIES

A GLIMPSE AT THE SCHEMA.ORG

Thing > Place > Landform > Mountain

A mountain, like Mount Whitney or Mount Everest

Property Expected Type Description
Properties from Thing
URL An additional type for the item, typically used for adding more specific types from external vocabularies in microdata

T — syntax. This is a relationship between something and a .:.\ass that the thing is in. In RDFa syntax, it is better to use
the native RDFa syntax - the 'typeof attribute - for multiple types. Schema.org tools may have only weaker
understanding of extra types, in particular those defined externally.

description Text A short description of the item.

image URL URL of an image of the item.

name Text The name of the item.

url URL URL of the item.

Properties from Place

address PostalAddress Physical address of the item.

aggregatemating  AggregateRating  The overall rating, based on a collection of reviews or ratings, of the item.

containedn Place The basic containment relation between places.

event Upcoming or past event associated with this place or organization.

events Upcoming or past events associated with this place or organization (legacy spelling; see singular form, event).
faxunber The fax number

e The geo coordinates of the place.

Most of the ontologies/vocabularies used to annotate popular Linked
Data sets are too lightweight; they fail to restrict the interpretation of
terms towards their intended meaning.
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QUERYING AND INTEGRATION OF LINKED DATA

THE GLOBAL GRAPH OF LINKED DATA

roctsepamoer 2011 @O

The examples before involved only one data set, but there is much
more to explore.
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QUERYING AND INTEGRATION OF LINKED DATA

THE GLOBAL GRAPH OF LINKED DATA
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Activity Journal

kayak.com

Ye

w
’

Round-trp.

From

Event name: ESWC 2012 eople:
Mark Sandler

StartDate: May 27,2012

Yves Raimond
End Date:  May31,2012 Boris Motik
Location:  Heraklion, Greece

Abstract due: Dec 05,2011 lan Horrocks

Fullpaper due: Dec 12,2011 Milan stankovid
Philippe Laubld
~ Matthew Rowel|
Jose Borbinha

CFP: 9th Extended Semantic Web o Freire
ended Semantic Wel elcalss |

Conference (ESWC12) A
Jid CarralMi

Pascal Hitzler
José Luis Ambil
parag Mallick
Isabelle Augens
Sebastian Pada

Link: http://2012.eswc-conferences.org

Conference description:

CFP ESWC12-9th Extended Semantic
Web Conference
May 27-31,2012

OmEE0DsE

Info at: http://2012.eswc-
conferences.org/

o K

Bibsonomy, and Delicious.

One-way

Santa Barbara, CA - Santa Barbara (SB o

Despoina Magka

[ KAYAK - Cheap Flights, Hotels, ...

n Flightz Hotels Cars Deals More

Mult<ity

Sunday

<

Myamvmes
Paper Wr@ng
Travel Arraiggment

hi L e,

Semantic Content Management wi
Sguizler: A Javascript Wrapper for

RDFaCE-Lite: a WYSIWYM editor fc
ParkJam: Crowdsnur(mgParkmql

Pascal Hitzler

Name: Pascal Hitzler _ = = = " People he/she knows:

Matthias Wendt
. = = "Deptof Computer Science s Stefanschlobach
Engineering Adila krisnadhi_ - = = =
. Wright state University (&) _ v Naftsze

o Guenther Palm

Position: Assistant profeséor
Afﬂl\atmn

Dept of Computer Science &

2—-- 9

Conference Par?qpamon

-5

Appligatiopsia = = = = = 7 Fi

@o

@ coogleMaps

(‘) Thunderbird Mail
@ Firefox web Browser
# Text Editor

@ Tiott|onl_ipp

Papers he/she published:

Type-elimination-based reasoning for the description log

vs grating OWL and Rules: A Syntax Proposal for Nomir
nding Description Logic Rules.: ESWC: 345-359

ODBASE 2011 PC Co-chairs’ Message.: OTM Workshops: ;

Representation of Parsimonious Covering Theory in OWL

Engineering
Wright State University
3640 Colonel Glenn Hwy
Dayton, OH 45435

UsA

Maithilee Kunda
Address: Barbara Hammer
Gregory Provan
Vark Sura

M; spects of Logic

Contextual Ontology Alignment of LOD with an Upper Or
What's Happening in Semantic Web -... and What FCA Co
Computinginconsistency measure based on paraconsist:

1 aral Clncad Warld Samantice: Graunded Cireumeerinto

ueries and integrates Linked Data from Freebase, Semantic Web Dog Food, CFPWiki, Arnetminer,
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QUERYING AND INTEGRATION OF LINKED DATA

INTEGRATION AND QUERY FEDERATION

SIG,MA __.-> DBpedia:PopulatedPlace: Florence

region Administrative
Region:
Y, Tuscany

location of .

Conference: ER2012

birthPlace of

OWL: sameAs (?)
\

i

i

>

N, City:Seville
OWL:EquivalentClass (7)\~\

Geonames:PPLA: Florence

3
3 A ’ rdFfs:subClassOf (?)
ocation ol

Event: SeCoGIS2012

Integration by searching equivalent classes or/and same features
in data sets. This requires ontology matching and alignment.

NOWICZ
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SEMANTIC INTEROPERABILITY

WHY NOT JUST STANDARDIZE MEANING?
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OPERABILITY

WHY NOT JUST STANDARDIZE MEANING?

cieo

“oyken Lund

o

= = " = California:
City = Town

m Utah:
Town = < (population, 1000)

m Pennsylvania:
Town = {Bloomsburg}

L pasaa
ra )\ CloniaR

A o oo
L Morerey €1 Monte  1VeS

NOWICZ
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SEMANTIC INTEROPERABILITY

SEMANTIC INTEROPERABILITY — MEANINGFUL LINKS

m Unfortunately, our data sources use
exactly the same terminology (e.g.,
connection) to talk about totally different
and contradicting facts (e.g., separation)

m While we can still syntactically integrate

and reuse information, the results may be
misleading or even meaningless

m We need heterogeneity preserving semantic interoperability methods

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ
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SEMANTIC INTEROPERABILITY

SEMANTIC INTEROPERABILITY — MEANINGFUL LINKS

m Unfortunately, our data sources use
exactly the same terminology (e.g.,
connection) to talk about totally different
and contradicting facts (e.g., separation)

m While we can still syntactically integrate

and reuse information, the results may be
misleading or even meaningless

m We need heterogeneity preserving semantic interoperability methods

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ
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ONTOLOGY ENGINEERING

RESTRICTING MEANING VIA FOUNDATIONAL ONTOLOGIES

rr
Particular

_ ~ I
£D ) 0 s
Endurant Perdurant Quality Abstract
PN P /"\\ AR
" ™ 7 S N / / \ .
PED NPED as £ stV 0 PO Ao Fact Sset &
Physical  Non-physical  Arbirary Event Stafive  Temporal  Physical Abstract Region
Endurant Em:;ram Sum A Qualiy  Quality a?my //%
//\ ™~ / ' - |
— [ % NV AANVANVANVAR
2 F POB . NPOB ACH acc ST PRO . TL LS ™ R AR
Amount of  Feature  Physical Non-physical  Achievement Accomplishment ~ State Process ~ Temporal  Spaial Temporal Physical  Abstract
Matter Object Object A / / \ Location  Location Region  Region Region
7 / /\ / /N 7\ A \ X
. Y, /N / \ \ VANWANYA
/’ / \ NEVAERN
T / T s
AP0 NAPO OB SO Time  Space
Agentive  Non-agentve  Mental Object  Social Object Interval  Region
Physical Physical
Object Object
450 NSO
Agentive Non-agentive

Social Object  Social Object

.

4G sc
Social Agent  Socisty

m Arrive at a common agreement on how to partition the world and
define it in a machine readable way

m The Semantic Web offers formal languages and reasoning support
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ONTOLOGY ENGINEERING

DIFFICULTIES WITH GLOBAL TOP-DOWN ONTOLOGIES

(ATTRIBUTE VIEW)
has walls (Building)

has tables
has chairs

has a menu
has waiters

Restaurant
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ONTOLOGY ENGINEERING

DIFFICULTIES WITH GLOBAL TOP-DOWN ONTOLOGIES
(FUNCTIONAL VIEW)

offer service

serve food

serve drinks

Beergarden

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ
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ONTOLOGY ENGINEERING

THE SEMANTIC WEB IS A TECHNOLOGY STACK

User Interface & Applications l

|

Ontology:
Query: OwL Rule:

SPARQL l RIF

RDFS

Crypto

Data interchange:
RDF

XML

URI/IRI |

m Almost all Semantic Web layer cakes are technology stacks
m They tell us which languages to use, not how to model

KRZYSZTOF JANOWICZ

AL DATA AND INTEROPER/
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OBSERVATION-DRIVEN ONTOLOGY ENGINEERING

m Local and crisp microtheories
instead of global ontologies

m Mine ontological primitives out of
real observation data

m Assist domain experts in
becoming knowledge engineers
by developing reusable patterns

' m Defer the introduction of classes
‘ T that are heavy on ontological
commitments (e.g., forest)

Mappings

Application Ontologies

Primitives

Provenance

Observations

‘ Ontology Design Patterns |

Procedures i Sensors

m Ontologies should be about communication not about replacing
numerical models. We should not try to develop an universal
ontology for rivers, mountains, forests, and so forth, but work on
the alignment and translation between local ontologies.

LINKED SPATIOTEMPORAL DATA AND INTERO! KRZYSZTOF JANOWICZ
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ONTOLOGY ENGINEERING

A ROADMAP FOR SEMANTIC INTEROPERABILITY IN GISCIENCE

Develop building blocks and
strategies to assist users in
becoming knowledge engineers
— E.g., Ontology Design Patterns

Sustain Semantic Heterogeneity via
anetwork of local, aligned ontologies
— E.g., Microtheories

Learn and mine ontological primitives
bottom-up out of real data
— E.g., Semantic Signatures

JaNowicz
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

aflowsInto C a:lsConnected (1)
i b:flowsInto C b:lsConnected (6)
a:lrrigationCanal C a:Canal )
. il b:Canal C (>2 b:IsConnected.b:Waterbody) (7)
Sa:flowslnto.a:AgriculturalField C a:lrrigationCanal  (3) 4
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)
a:Waterbody M a:Land C L (4)
2 M (=1 b:flowsinto.b:AgriculturalField)  (8)
a:AgriculturalField C a:Land (5)
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

alanal = bilanal [...]

a:flowsinto C a:lsConnected 1

c )
= { b:flowsinto C b:lsConnected (6)
a:lrrigationCanal C a:Canal (2)
X —1 b:Canal C (>2 b:lsConnected.b:Waterbody) (7)
Fa:flowsInto.a:AgriculturalField C a:lrrigationCanal  (3)
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)
a:Waterbody M a:Lland C L (4)
M (=1 b:flowsInto.b:AgriculturalField) (8)
a:AgriculturalField C a:Land (5)

a:Ao‘YiCul\’umlFiela\Elo:Ao](icul’ramlFiela\
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

atanal = bilanal [...]

a:flowsinto C a:lsConnected 1

c )
= { b:flowsinto C b:lsConnected (6)
a:lrrigationCanal C a:Canal (2)
X —1 b:Canal C (>2 b:lsConnected.b:Waterbody) (7)
Fa:flowsInto.a:AgriculturalField C a:lrrigationCanal  (3)
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)
a:Waterbody M a:Lland C L (4)
M (=1 b:flowsInto.b:AgriculturalField) (8)
a:AgriculturalField C a:Land (5)

AIAq(icul’mmlFiela\EL:AinCuI’mmIFieIJ

L:WiqahawCavml = a:!vriqahavnéavml

SPATIOTEMPORAL DATA AND IN
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

alanal = bilanal [...]

a:flowsinto C a:lsConnected 1

c )
= { b:flowsinto C b:lsConnected (6)
a:lrrigationCanal C a:Canal (2)
X —1 b:Canal C (>2 b:lsConnected.b:Waterbody) (7)
Fa:flowsInto.a:AgriculturalField C a:lrrigationCanal  (3)
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)
a:Waterbody M a:Lland C L (4)
M (=1 b:flowsInto.b:AgriculturalField) (8)
a:AgriculturalField C a:Land (5)

a:Aqrical’ramlFielAEL:Aqrical*umlFielA

lptlrrio‘a’rianaznal = a:!rriqaﬂan(anal
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

alanal = bianal [...]

aflowsinto C a:lsConnected (1)
b:flowsinto C b:lsConnected (6)
a:lrrigationCanal C a:Canal (2)
X § ——1 b:Canal C (>2 b:lsConnected.b:Waterbody) (7)
Fa:flowsInto.a:AgriculturalField C a:lrrigationCanal  (3)
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)
a:Waterbody M a:Lland C L (4)
M (=1 b:flowsInto.b:AgriculturalField) (8)
a:AgriculturalField C a:Land (5)

A:Aalriwli'umlFielAEB'Aqvical\’amlFielJ

L:!vriqa}iavucaml = 4:|rrir14¥iow£4wal
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

alanal = bilaval [...]

aflowsinto C a:lsConnected (1)
b:flowsinto C b:lsConnected (6)
a:lrrigationCanal C a:Canal (2)
X § ——1 b:Canal C (>2 b:lsConnected.b:Waterbody) (7)
Fa:flowsInto.a:AgriculturalField C a:lrrigationCanal  (3) '
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)
a:Waterbody M a:Lland C L (4)
" M (=1 b:flowsInto.b:AgriculturalField) (8)
a:AgriculturalField C a:Land (5)

aAqricaI’mmIFielAEL'Aqrical’rumlFieIA

L:lrriqahovntaml = a:lrviqa’riovacaml

OTEMPORAL D



INTEROPERABILITY
00000000

ONTOLOGY DESIGN PATTERN

ONTOLOGY DESIGN PATTERN

m Modular but self-contained
building blocks/strategies

m Reusable and extendible

m Even huge ontologies can be
modularized using ODP (for
example DOLCE)

m No need to import full ontology
from plfemeleaydes " and all ontological commitments
m Different types of patterns, e.g.
content vs. logical

& owl:Thing

[ place:isLocationOf some owl:Thing |

m What are the major geo-ontology design patterns?

YJTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ
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ONTOLOGY DESIGN PATTERN

ANATOMY OF (COMPLEX) PATTERNS

m— sem:hasTimeStamp
sem:hasPlace
. sem:Event sem:hasActor »( sem:Actor

sem:hasTime
sem:eventType sem:actorType sem:placeType

sem:EventType sem:ActorType
sem:hasTimeStamp

sem:hasTimeStamp

sem:has
SubEvent

sem:timeType sem:hasTime

sem:TimeType

sem:hasSubType

sem:RoleType

sem:roleType

sem:Role

sasse|D 2409

sem:PlaceType

wa)sAg adAL
(uBral04)

sem:Constraint

:

sem:Authority )« accordingTo

Sjujes}suoD
Auadoad

Simple Event Model
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ONTOLOGY DESIGN PATTERN

STIMULUS SENSOR OBSERVATION PATTERN

DUL:Object |€——is-a——————( DUL:SocialObject xsd data type

a DUL:hasRegionDataValue

N ~
\

DUL:PhysicalObject DUL:Method

Is-

DUL:Situation DUL:Region

s

a

is-a
L:satisfi
DUL:isDescribedpy °VLisatisfies

FeatureOfInterest

isPropertyOf -p» DUL:isQualityOf
produces

~

ObservedProperty | q—— isPruxyForf detects —4— DUL:includesObject 7

DUL:includesEvent

W3C XG SSN Pattern + DOLCE alignment

SPATIOTEMPORAL DATA AND IN
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ONTOLOGY DESIGN PATTERN

POINTS OF INTEREST PATTERN
D)

/
hasName / E.anomalyOfInterest
\ —
PointOfInterest
Boundary (4D) @

\ E.activityOfInterest isDirectedAt (hasParticipant)
e

cuts out defines
\ hasRealization
- e

affords
) - Affordance
hasSpatlaIFootprlnt (Activity)

D

— hasSociaIConstraint—}@
hasTemporalConstraint
@ isDirectedAt (hasParticipant)

hasSpatialConstraint \‘

)

) GeoVoCamp SB 2012
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ONTOLOGY DESIGN PATTERN

SCUBA DIVING PLACE(S) EXAMPLE

m Field/surface of water depth
observation

m ScubaDivingActivity

m Constraints (> 3m water depth)
[ "ol

m Boundary (GIS clip operation)

m bounded region(s) on the surface of
the Earth

m named places (for those of interest).

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ
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creator atTime
\ |

— atLocation __y,
S LE
hasFix ?
/ from |
/ e
Trajector
jectory | &
hasSegment __>

traversedBy

[MotionP:MovingObject]

GeoVoCamp Dayton 2012

LINKED SPATIOTEMPORAL DATA AND INT
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ONTOLOGY DESIGN PATTERN

MIKE’S TRIP TO THE GEOVOCAMP DAYTON 2012

:mikestrip a :SemanticTrajectory;
:hasSegment
[a :Segment;

ansing L
E = TR,
Ty J

vonia oWarren

Jackson 2 o
g Detroit &

from :fix1; // mikeshome A tor
™ o S fLEr88 1 816p -
:traversedBy :fordFocus], o N
[Emmi] Lol
[a :Segment; s s
:from :fixn; // WrightStateUniversity Hergte
ito :fixm], // Knoesis -
traversedBy :mike], ‘%‘i‘;%
[amEm) M pal Columbus
:timel a time:lInstant; Kettorng D Loncaster

:inXSDDateTime

"2012—09—-15T11:26:22Z2".
:pos1 a :Position;

amilton

:geo:astWKT "Point(—83.XYZ45348 42.XYZ53678)";

:mikesHome a :POI;

:has

[...]

:post;

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY

OF JANOWICZ
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ONTOLOGY DESIGN PATTERN

GEO-VOCABULARY CAMPS

& Krzysztof janowicz
page | [ discussion edit | [ history | [ move unwatch

GeoVoCampSB2012

Contents [hide]

1 General
2 What
3 When
4 Where
5 Outcomes
& Big Data in GIScience Panel
7 Schedule
8 Accommodations and Transportation
9 Who

9.1 Organizers

9.2 Participants

9.3 Not sure

9.4 Would like to, but can't
10 Outcomes

10.1 Points Of Interest Geo-Pattern

10.2 Observed Event Geo-Pattern

10.3 A possible approach to a Motion and Path design pattem based on the PATH image schema
11 GeoVoCampMadrid2012
12 Workshop on GlScience in the Big Data Age 2012

General

We are currently planning a GeoVoCamp as follow-up to the 2009 and 2011 Vocamps in Washington D.C. and the 2011 GeoVoCamp in Southam
Santa Barbara, Californla to bring the events to the West Coast as well.

What




MICROTHEORIES AND HETEROGENEITY

HANDLING SEMANTIC HETEROGENEITY BY MICROTHEORIES

Thematic Space

Geography_MT

Southern_Europe Ancient_MT

Modern_Era_MT

m Employ space and time as fundamental structuring principles for the
development of ontologies.

LINKED SPATIOTEMPORAL DATA AND INTE R QVAE] JaNowicz
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INSPIRE EXAMPLE— COMPUTING A COMMON GROUND

) @
4 haskole
N ()
asRole ‘Water
-
(" Water (Rertan) +———tansects —ver),

(Rversasin ) 4——— transects

o
e - Conia ™ Fashropertint (pralor ) hasualty [Peicpatesin ]~ patcatesin
contains Properpart Properpart hasQuality _ participatesin ; pe
v v v
Flowingwater ) | (Riverged) | (Riversanks) | (FlowRegime - (Froos)
particiatestn — FowngWater ) (o) |(Fowmeaime) ( )] (ruersea) |G ))( )| (Erovant) | (Fiood)

hasSource  hasSource hassource ) forms  form participatesin hasSource ~ hasSource  forms  form

V! \J
o) D (") (o)

hasQuailty hasQuality ~ hasQuality

hasQuaiity hasQuality hasQuality

v v v v v v
B INSPIRE Watercourse: 'A natural or man-made flowing water course or

stream.

H Instead of a top-down ontology for the EU that violates local definitions,
compute a top-level based on local definitions of the member states.

“)INSPIRE: Infrastructure for Spatial Information in the European Community

NOWICZ
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MICROTHEORIES AND HETEROGENEITY

INSPIRE EXAMPLE—- LCS AND SIMILARITY

Europe_MT

(1) compute least common
T subsumer

(1) compute least common
subsumer

m Germany and Spain
are administratively i
contained in Europe. [
Hence, the European
definition has to satisfy
the local definitions.

\
Germany_MT

(2) compute
concept similarity

m Least Common Subsumer (LCS) reasoning to compute a common EU
definition. Similarity reasoning to ensure that the result does not end up
as the compromise of nobody.
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MICROTHEORIES AND HETEROGENEITY

PRESERVING LOCAL CONCEPTUALIZATIONS

i i f i i home/kui i [-_= <}
(& River owl -ontol owl) - [ 13/Penn ch/GIS
File Edit Ontologies Reasoner Tools Refactor Tabs ‘View SKOSEd Window Help

<| &> [@ RiversReasoning.owl [fttp ffwnw owl-ontolagies

com/Rivers|

azoning.owl) Bl la

ACE View | Active Ontology | Entities T Classes [ Object Properties | Data Properties | OWLViz r ACE View |
Inferred dlass herarchy Selected entailment o+ [ELE
[ Asserted class hierarchy | | |[1nferred axioms =]
GermanRiver subClassOf EuropeanRiver i
v OThing = GermanRiver subClassOf INSPIREWatercourse =
Nothing
AquaticHabitat
AssociatedLandforms ! -
Current or AquaticRecreationArea =
ENVORiver or Navigable I
7 ©INSPIREWatercourse or TransportsWater
GermanRiver or WaterBody
WaterBody or WaterSupply
9EuropeanRiver and (hasSource some GroundWaterTable)
GermanRiver or (hasSource some Precipitation)
SpainshRiver or (hasSource some SnowMelt) I~
EuropeanUnion and contains some FlowingWater
MemberState and hasDestination some WaterBody
NaturalDisaster and hasLocation some Germany
Navigable and hasPart some RiverBanks
ProtectsAgainstFlooding and hasPart some RiverBed
Qualities and hasQuality some FlowRegime
RecreationArea — and transects some RiverBasin
Source
TerrestrialHabitat || superciasses -
Tranenartcitiatar =

The INSPIRE definition is too restrictive

PATIOTEMPORAL D. PERABILITY
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A FINAL THOUGHT

A FINAL THOUGHT...

We assume that ontology standardization is less
difficult and more persistent than aligning and translating
local application-centric ontologies.

What if standardization is the more difficult task?

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ



A FINAL THOUGHT
oe

A FINAL THOUGHT

SPECIAL ISSUE ON LINKED SPATIOTEMPORAL DATA

ISSN 1570-0844 Volume 3, Number 4, 2012

Interoperability
Usability
Applicability

Y Editors-in-Chief

Pascal Hitzler
Krzysztof Janowicz

Special issue: On linked spatiotemporal
fata and geo-ontologies

Guest editors: Krzysztof Janowicz,
Todd Pehle, Glen Hart

and Simon Scheider

AKA |0S

Press




	Motivation
	Next-Generation Knowledge Infrastructures

	Linked Data
	From Documents to Data
	Exploring Linked Data
	A Glimpse at the Linked Data Ontologies
	Querying and Integration of Linked Data

	Interoperability
	Semantic Interoperability
	Ontology Engineering
	Ontology Alignment
	Ontology Design Pattern
	Microtheories and Heterogeneity

	A Final Thought
	A Final Thought


