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MOTIVATION LINKED DATA INTEROPERABILITY A FINAL THOUGHT

NEXT-GENERATION KNOWLEDGE INFRASTRUCTURES

THE 4TH PARADIGM AND THE SEMANTIC WEB

1 Empirical

2 Theoretical

3 Computational
4 Explorational

Value Proposition of the Semantic Web
Publishing and Retrieving
Interacting and Accessing
Reusing and Integrating

http://research.microsoft.com/en-us/collaboration/fourthparadigm/
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NEXT-GENERATION KNOWLEDGE INFRASTRUCTURES

LINKING DATA AS NEXT-GENERATION INFRASTRUCTURE

Data Silos
Web services
Databases
Web pages

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

FROM LINKED DOCUMENTS TO LINKED DATA

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.
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EXPLORING LINKED DATA

EXPLORING LINKED DATA RELATED TO FLORENCE, ITALY

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

SEARCHING THE WEB OF DOCUMENTS
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EXPLORING LINKED DATA

SEARCHING THE WEB OF DATA

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

SEMANTICS-ENABLED GEO-INFORMATION RETRIEVAL

� 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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EXPLORING LINKED DATA

GOOGLE’S KNOWLEDGE GRAPH
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A GLIMPSE AT THE LINKED DATA ONTOLOGIES

SOME DBPEDIA FACTS ABOUT FLORENCE, ITALY
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A GLIMPSE AT THE LINKED DATA ONTOLOGIES

A GLIMPSE AT THE DBPEDIA ONTOLOGY
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A GLIMPSE AT THE LINKED DATA ONTOLOGIES

A GLIMPSE AT THE SCHEMA.ORG

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

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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QUERYING AND INTEGRATION OF LINKED DATA

SEMANTICS-ENABLED PERSONAL INFORMATION MANAGEMENT

Queries and integrates Linked Data from Freebase, Semantic Web Dog Food, CFPWiki, Arnetminer,

Bibsonomy, and Delicious.
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QUERYING AND INTEGRATION OF LINKED DATA

INTEGRATION AND QUERY FEDERATION

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

WHY NOT JUST STANDARDIZE MEANING?
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SEMANTIC INTEROPERABILITY

WHY NOT JUST STANDARDIZE MEANING?

California:
City ≡ Town

Utah:
Town ≡< (population,1000)

Pennsylvania:
Town ≡ {Bloomsburg}
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SEMANTIC INTEROPERABILITY

SEMANTIC INTEROPERABILITY – MEANINGFUL LINKS

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

While we can still syntactically integrate
and reuse information, the results may be
misleading or even meaningless

We need heterogeneity preserving semantic interoperability methods
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ONTOLOGY ENGINEERING

RESTRICTING MEANING VIA FOUNDATIONAL ONTOLOGIES

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

The Semantic Web offers formal languages and reasoning support
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ONTOLOGY ENGINEERING

DIFFICULTIES WITH GLOBAL TOP-DOWN ONTOLOGIES
(ATTRIBUTE VIEW)
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ONTOLOGY ENGINEERING

DIFFICULTIES WITH GLOBAL TOP-DOWN ONTOLOGIES
(FUNCTIONAL VIEW)
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ONTOLOGY ENGINEERING

THE SEMANTIC WEB IS A TECHNOLOGY STACK

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

OBSERVATION-DRIVEN ONTOLOGY ENGINEERING

Local and crisp microtheories
instead of global ontologies
Mine ontological primitives out of
real observation data
Assist domain experts in
becoming knowledge engineers
by developing reusable patterns
Defer the introduction of classes
that are heavy on ontological
commitments (e.g., forest)

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.
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ONTOLOGY ENGINEERING

A ROADMAP FOR SEMANTIC INTEROPERABILITY IN GISCIENCE

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

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

3 Learn and mine ontological primitives
bottom-up out of real data
→ E.g., Semantic Signatures
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ONTOLOGY ALIGNMENT

ALIGNING, MATCHING, AND TRANSLATING ONTOLOGIES

a:flowsInto v a:IsConnected (1)

a:IrrigationCanal v a:Canal (2)

∃a:flowsInto.a:AgriculturalField v a:IrrigationCanal (3)

a:Waterbody u a:Land v ⊥ (4)

a:AgriculturalField v a:Land (5)

b:flowsInto v b:IsConnected (6)

b:Canal v (≥2 b:IsConnected.b:Waterbody) (7)

b:IrrigationCanal ≡ (=1 b:isConnected.b:Waterbody)

u (=1 b:flowsInto.b:AgriculturalField) (8)
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ONTOLOGY DESIGN PATTERN

ONTOLOGY DESIGN PATTERN

Modular but self-contained
building blocks/strategies
Reusable and extendible
Even huge ontologies can be
modularized using ODP (for
example DOLCE)
No need to import full ontology
and all ontological commitments
Different types of patterns, e.g.
content vs. logical

What are the major geo-ontology design patterns?
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ONTOLOGY DESIGN PATTERN

ANATOMY OF (COMPLEX) PATTERNS

Simple Event Model

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ



MOTIVATION LINKED DATA INTEROPERABILITY A FINAL THOUGHT

ONTOLOGY DESIGN PATTERN

STIMULUS SENSOR OBSERVATION PATTERN

W3C XG SSN Pattern + DOLCE alignment
LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ



MOTIVATION LINKED DATA INTEROPERABILITY A FINAL THOUGHT

ONTOLOGY DESIGN PATTERN

POINTS OF INTEREST PATTERN

GeoVoCamp SB 2012
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ONTOLOGY DESIGN PATTERN

SCUBA DIVING PLACE(S) EXAMPLE

Field/surface of water depth
observation
ScubaDivingActivity

Constraints (> 3m water depth)
...

Boundary (GIS clip operation)
bounded region(s) on the surface of
the Earth
named places (for those of interest).
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ONTOLOGY DESIGN PATTERN

(SEMANTIC) TRAJECTORY PATTERN

GeoVoCamp Dayton 2012
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ONTOLOGY DESIGN PATTERN

MIKE’S TRIP TO THE GEOVOCAMP DAYTON 2012

: m i k e s t r i p a : Semant icTra jec tory ;
: hasSegment

[ a : Segment ;
: from : f i x 1 ; / / mikeshome
: to : f i x 2 ; / / r e s t stop
: t raversedBy : fordFocus ] ,

[ . . . ]
[ a : Segment ;

: from : f i x n ; / / Wr i gh tS ta teUn i ve rs i t y
: to : f ixm ] , / / Knoesis
: t raversedBy : mike ] ,

[ . . . ]
: t ime1 a t ime : I n s t a n t ;

: inXSDDateTime "2012−09−15T11 :26:22Z " .
: pos1 a : Pos i t i on ;

: geo : astWKT " Po in t (−83.XYZ45348 42.XYZ53678 ) " ;
: mikesHome a : POI ;

: has : pos1 ;
[ . . . ]

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ



MOTIVATION LINKED DATA INTEROPERABILITY A FINAL THOUGHT

ONTOLOGY DESIGN PATTERN

GEO-VOCABULARY CAMPS
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MICROTHEORIES AND HETEROGENEITY

HANDLING SEMANTIC HETEROGENEITY BY MICROTHEORIES

Employ space and time as fundamental structuring principles for the
development of ontologies.
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MICROTHEORIES AND HETEROGENEITY

INSPIRE EXAMPLE– COMPUTING A COMMON GROUND

� INSPIRE Watercourse: ’A natural or man-made flowing water course or
stream.’

� 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

LINKED SPATIOTEMPORAL DATA AND INTEROPERABILITY KRZYSZTOF JANOWICZ



MOTIVATION LINKED DATA INTEROPERABILITY A FINAL THOUGHT

MICROTHEORIES AND HETEROGENEITY

INSPIRE EXAMPLE– LCS AND SIMILARITY

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

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

The INSPIRE definition is too restrictive
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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



MOTIVATION LINKED DATA INTEROPERABILITY A FINAL THOUGHT

A FINAL THOUGHT

SPECIAL ISSUE ON LINKED SPATIOTEMPORAL DATA
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