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Semantic Web journal = Kno.€.SIS

EiCs: Pascal Hitzler
Krzysztof Janowicz

« New journal with significant initial uptake. [ Semaniic Webh |

Interoperabillty

« We very much welcome contributions at Usability
the “rim” of traditional Semantic Web Applicability
research —e.g., work which is strongly
inspired by a different field. I W &

LEEL L SNt T

 Non-standard (open & transparent)
review process.

e http://www.semantic-web-journal.net/
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Textbook — KNO.E.SIS
Pascal Hitzler, Markus Krodtzsch, _

Sebastian Rudolph A
_ , Foundations of
Foundations of Semantic Web s t
Technologies emantic
Web ‘W
Chapman & Hall/CRC, 2010 Technologies :

Choice Magazine Outstanding Academic M
Title 2010 (one out of seven in Information y  Markus Krétzsch

. A Scbastian Rudalph
& Computer Science)

:H‘-: l:. N Prees

11

http://www.semantic-web-book.org

L] |
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Big Data

ITBUSINESSEDGE

____-.—-———-..____
ITBUSINESSEDGE

Welcome, Guest
Login | Register

G(J g[t‘ Apps for Business

— KNO.E.SIS

Free 30 day trial m

Horme IT Frojects 0s ITDownloads White Papers

Business Alignment & Management

Custom Search I Search .

Business Integration Governance  Infrastructure  Mobile Technology  Security  Sourcing  Vendors & Markets  More

Home = Blogs = Charting Your IT Career = Gartner. Big Data Wil Generate G Milion U.S. Jobs By 2013

Related Content

Topic : Data Management
Data management invohes
avariety oftasks invalved
with the full data lifecycle

Blog: Six Reasons IT Can
Be Thankful on Thursday

Article : The Fast Evolution
- and Transformation - of
Mohile Device Management

Gartner: Big Data Will Generate 6 Million U.S. Jobs by
2015

& Susan Hall | CHARTING YOUR IT CAREER (] | 23 OCT, 2012

L=
= | P share B E M

Gantner predicts that 4.4 million IT jobs will be created to support Big Data by 2015, with
1.9 millian of them to be in the United States.

In addition, every Big Data-related rale in the United States will create employvment for
three people outside of IT, pushing the tatal to 6 million LS. jobs, Peter Sondergaard,
seniorvice president at Gartner and global head of research, told those attending the
Gartner SymposiumiTspo. He said:

Butthere is a challenge. There is not enough talent in the industry. Qur puhblic and
private education systems are failing us. Therefore, only one-third ofthe IT jolbs will
he filled. Data experts will be a scarce, valuable commaoadity,” he said. "IT leaders will
need immediate focus on how their arganization develops and atiracts the skills
required. These jobs will he needed to grow your business. These jobs are the
future ofthe new information ecanarmy.

Though | don't follow Sondergaard's math, we know there's a shortage of analytics

([l L,
WRIGHT STATE

UNIVERSITY

Like us: m L= E}H

- Buyer:Z“cne’
=y BESTof the web

& B N

Drive Calendar  Gmail

Start Free Trial

G(J ( glﬁ' Apps for Business

Subscribe to our Newsletters

Sign up now and get the

hest husiness
el ikt
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Blg Data — KNO.E.SIS

Big Data is characterized not only by the enormous volume or the
velocity of its generation but also by the heterogeneity, diversity
and complexity of the data.

Suzi lacono, source: http://community.topcoder.com/coeci/nitrd/

 volume: the sheer size of the data
* velocity: new data is added at breathtaking speed
« variety: different formats and different perspectives

Sometimes mentioned:

« value: how useful is the data?

e veracity: how good/reliable is the data?

however, these can also be subsumed under “variety”.

WRIGHT STATE April 2013 — Notre Dame — Pascal Hitzler 6



Blg Data: My take — KNO.E.SIS

Variety can be handled with existing methods if volume and
velocity are small.

Big Data research is primarily about methods for handling variety if
volume and velocity are so high that existing methods fail.

I ————————
T
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Linked Data: Volume = KNo.€.SIS

Number of Datasets Number of triples (Sept 2011)
2011-09-19 295 31.634.213,770

2010-09-22 203

2009-07-14 95 with 503,998,829 out-links

2008-09-18 45
2007-10-08 25
2007-05-01 12

Publications

Cross-domain

— Lifa sciences

— User-generated content
— o " H
Government — Media

— Geographic

From http://www4.wiwiss.fu-berlin.de/lodcloud/state/

I E——
p— X ‘
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Linked Data 2011 — KNo.e.sis
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Information as RDF triples / graph = KNOo.E.SIS

LOTR hasAuthor Tolkien .
Hobbit hasAuthor Tolkien .
LOTR hasCharacter Bilbo .
Hobbit hasCharacter Bilbo .

hasAuthor
‘ hasCharacter
hasAuthor
hasCharacter ]
Bilbo

e ‘
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DBpedia: LOTR page

dbpedia-owl: thumbnail
dbpedia-owlwikiPageExtermalLink

dbpprop:authar
dbpprop:books

dbpprop:country
dbpprop:expiry
dbpprop:genre

dbpprop:hasPhotaCollection
dbppropiimageCaption
dbpprop:language
dbpprop:mediaType
dbpprop:name
dbpprop:pages
dbpprop:precededBy
dbpprop:pubDate
dbpprop:publisher
dbpprop:small
dbppropwikiPagellsesTemplate

determs:subject

WRIGHT STATE

— KNO.E.SIS

hitp:fupload wikimedia. orgfwikipedia/commonsAhumbAa2 m_lotr_cover_design.jpg/200px-Jrt_lotr_cover_design.jpg
hitp:#flotrwikia. cam

bt p e gly phoaeeb. comdardal

http:ffwennn tolkienlibrary. com/

hitp:ffwnnen tolkien. co.ukf

hitp:ffweeen houghtonmifflinbooks. comffeatures/lardoftheringstrilagy/
dbpedia;)._R._R._Talkien

dbpedia: The_Two_Towers

dbpediza: The_Return_of the King

dbpedia:The Fellowship of the Ring

“olumes:"

England
20 (xsd:integer)

n dbpediaAdventure_novel
» dbpedia:High_fantasy

http:ffwenaned wiveis = fi-berlin. defflickrwrappr/photos/The_Lord_of_the Rings
Talkien's own cover designs for the three valumes

English

Print

The Lord of the Rings

1216 (xsd.integer)

dbpedia: The_Hobbit

21 (xsdiinteger)

dbpediaAlen_8& Unwin

ves

dbpedia: Template: Infobox_book_series
dbpedia: Termplate: Pp-vandalism

category: Monarmyths
categary:High_fantasy_novels
categary:Middle-earth_books
category:British_fantasy_novels
category:Fantasy_books by series
category: 1950 _fantasy_novels
categary: Sequel_nowvels

categary: The_Lord_of the Rings
category: English novels
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Linked Data: Volume = Kno.e.sis

Geoindexed Linked Data — courtesy of Krzysztof Janowicz
http://stko.geog.ucsb.edu/location_linked data




Data Velocity = Kno.€.SIS

11.39 Million Wikipedia Edits per Month

Sep 1l —Sep 12 4 B4%
Aug 12 —Sep 12 -9.85%

———— "N NN

— Total 10M
—English -
—French
— German =M
—Russian 2 M
=l
as]
v5 M
5
‘é M
Z
y e Weather sensors
TO0K,
% Eﬁ =< e Tweets
102003 0102010 042010 072010 102010 012011 0452011 072011 102011 0102012 0402012 0752012
o Satellite images
10,028.00 New Wikipedia Articles per Day
Sep 11 —Sep 12 4519% L4 P

Aug 12 —Sep12 E.65%

pec 2009 1DK~_/\MV\/\/\/\A'JV
Total: 73K

English: 11K B
French: 422.0 o
German; a09.0 % -
Polish: 299.0 =
=T
—
Le)
T
)
E K ’M/\/\’\_/\/_\/\—\
=0
=
500.0
300.0

1002008 012010 04200 07200 102010 012011 0472011 07201 1002011 0102012 042012 072012
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Linked Data: Variety = Kno.e.sis

Copernicus lunar crater located on earth — courtesy of Krzysztof
Janowicz http://stko.geog.ucsb.edu/location_linked data
(missing reference coordinate system)

O

Print Help  Login

wwiew (7 Revisions

Copernicus is a lunar impact crater named after the astronomer Nicolaus Copernicus, located in eastern
Oceanus Procellarum. It is estimated to be about 800 million years old, and typifies craters that formed

during the Copernican pericd in that it has a prominent ray system.

Contents
Characteristics
Names
Satellite
craters
See also
References
External links

Google Map

AUTAIE
o

Characteristics ‘@J Map | satelite |

Copernicus is visible using binoculars, and is located slightly northwest of the | | ,ation of Copernicus. |
center of the Moon's Earth-facing hemisphere. South of the crater is the Mare + Zal
Insularum, and to the south-south west is the crater Reinhold. North of H

Copernicus are the Montes Carpatus, which lie at the south edge of Mare !

Imbrium. West of Copernicus is a group of dispersed lunar hills. Due to its

relative youth, the crater has remained in a relatively pristine shape since it =

formed.

The circular rim has a discernible hexagonal form, with a terraced inner wall Reserve Faune
and a 30 km wide, sloping rampart that descends nearly a kilometer to the @ De Laoyk'Aoukale
surrounding mare. There are three distinct terraces visible, and arc-shaped >

N N N " N Fare Natichal
landslides due to slumping of the inner wall as the crater debris subsided. - ) arh E;M_:,:.,:
Location of Copernicus. %
Moct livaely Ainea tm ite rerant feaematinn tha crater Ffleanr hac ot hoaon floandad

(7]
ot



Linked Data: Variety and Value (GovTragkjnoesis

“Nancy Pelosi voted in favor of the Health Care Bill.”

vote:hasO

\Vote:
2009-887

vote:vote Votes:2009-887/+

votg:votedBy

@plelpooo@

dc:title

rdfs:label

vote:hasAction

name

dc:title

Bills:h3962

i ﬂ . )
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Linked Data: Variety and Veracity = Kno.€.sIS

Geoindexed Linked Data — courtesy of Krzysztof Janowicz
http://stko.geog.ucsb.edu/location_linked data




Linked Data: Variety and Veracity = KNOo.E.SIS

Courtesy of Krzysztof Janowicz
http://stko.geog.ucsb.edu/location_linked data

¥ FactForge® RDF Search and Explore | SPARQL | RelFinder | About | Contact

SPARQL Query

Results for your query (6) - Edit query View as Exhibit  Download SPARQL Results in: JSON | XML
dbpedia:Keta 18077
http://sws.geonames.org/2304548/ 29748
w-flick:Aneho 47579
hitp://sws.geonames.org/6295630/ 6814400000
dbpedia:Lomé 749700
http://sws.geonames.org/2393947/ 9847

I E——
[T

o ﬂ ) B
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Linked Data: Veriety and Veracity

Courtesy of Krzysztof Janowicz
http://stko.geog.ucsb.edu/location_linked data

% FactForge® RDF Search and Explore | SPARQL | RelFinder | About | Contact
Welt ROF Rank RDF Search and Explore
e

Source: http:/lsws.geonames.org/6295630/[Z

Subject (100 of 8935127) || Predicate || Object || All Download in: JSON | RDF | N3/Turtle | N-Triples
Statements in which the resource exists as a subject. Named Gr Coordinates: &1 1"0'N 4°0°E
o

rdf:type http://schema.org/Place, gec-ont:Feature,

rdfs:seeflso dbpedia:Earth, htip://sws.geonames.org/6|

rdfs:isDefinedBy http://fsws.geonames.org/6295630/about.r|

rdfs:label Earth@en, Globe@en, World@en

skos:altLabel Earth@en, Globe@en, World@en

dc:type geo-ont:L, geo-ont:L.AREA K -f{_ B -.t :

e

dc-term:type geo-ont:L, geo-ont:L. AREA s e

N‘q:-f"' .r.-"{l‘l. I |
'\‘:I‘-‘ .| ; ' b ‘
geo-pos:long 0 R—
Map of the Gulf of Guinea, showing the chain of islands &1
geo-pos:lat 0 formed by the Cameroon line of volcanoes.




Blg Data: My take — KNO.E.SIS

Variety can be handled with existing methods if volume and
velocity are small.

Big Data research is primarily about methods for handling variety if
volume and velocity are so high that existing methods fail.

I E——
T
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Linked Data and Big Data = Kno.e.sis

 Linked Datais a kind of structured Big Data

 Linked Datais Big Data in a nutshell

Many of the same problems

Testbed for Big Data solutions

Intermediate stage for getting semantics into Big Data

T
WRIGHT STATE April 2013 — Notre Dame — Pascal Hitzler 20



Contents — KNo.€.SIS

 Big Data

e Semantic Web

e EarthCube
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Basic Idea of the Semantic Web = KNo.€.sIs

Person 2 Agent 1 .

exchange of symbols Ontology exchange of symbols

description Symbol

Semantics
» “—>
. .J . Concept
- MA1 MA2

\/

Ontology |  agreement

\>4

A
A 4

<« ‘"beetle” ]

Specific Domain, Thing
e.g. Animals

WRIGHT STATE April 2013 — Notre Dame — Pascal Hitzler 22



Ontology Example = Knoe.sis

1 subClass rdf:Literal

rdfs:range

1 . . rdfs:domain
| instantiation
rdfs:range

Declaration x:advises
of properties rdfs:domain | rdfs:subPropertyOf

(x:responsible_for)

A
rdfs:subPropertyOf

Declaration @ x:Employee
of classes - ,4_ - rdfs:domain rdfs:range
.- N~

schema knowledge
PhDStudent v 9advisedBy.Professor

rules
responsible_for(y,x) ZEProfessor(y)

I Employee(x)

WRIGHT STATE April 2013 — Notre Dame — Pascal Hitzler




Data e.g. on
Websites

Ontology
represents
general domain knowledge

e.g. every publication has an author

April 2013 — Notre Dame — Pascal Hitzler 24
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Basic Idea of the Semantic Web = KNo.€.SIS

Publication

e.g. every publication has an author
I —————————————————————

— ) )
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Basic Idea of the Semantic Web = KNo.€.SIS

Data e.g. on
Websites

Ontology
represents
general domain knowledge

e.g. every publication has an author

[T

~H ﬂ . -
WRIGHT STATE April 2013 — Notre Dame — Pascal Hitzler 26



Il
Possible Answers

recent advances in MLP, Information Retrieval, and Machine Learning to interpret and reason over
huge volumes of widely accessible naturally encoded knowledge (or "unstructured knowledge™) we
can build effective and adaptable open-damain QA systems. While they may not be ahle to
formally prove an answer is carrect in purely logical terms, they can build confidence based on a
cambination of reasoning methods that operate directly on a combination of the raw natural
language, automatically extracted entiti Bilable structured and semi-structured
knowledge available fram for example t

WRIGHT STATE April 2013 — Notre Dame — Pascal Hitzler 27



Store

iPhone iTunes Support

iPhone

Siri.
Your wish is
its command.

Siri on iPhone 45 lets vou use yc

Features Built-in Apps From the App Store ) iCloud Tech Specs

Ok, | can s =
E’gﬂn fﬂr} 3 It .1 : it be S.Uﬂn"_lrt

: _d in Miami 2
YOU lika it +- . cend in ¥

mediabistro | semanticweb.com | SemTechBiz SF | more ==

The Voice of Semantic Web Technology
@ Se m a nt I CWG b . CO m and Linked Data Business

Haorne Events Community

Semanticweb.com Newsletter

voice to send messages, schedy Apple Buys Siri: Once Again The Back Story IsAbout (L 0™ o |00

meetings, place phone calls, an
more. Ask Siri to do things just
talking the way vou talk. Siri

ERS ] RN ST R LRRRRS ARt e Tl e e | QR 2

Semantic We

Semanticweb.com Event Updates

| Enter your email for updates ” and your ZIP |m

According to Robert Scoble who got it from tracking FTC, Apple is | Somt on e o ‘
buying Siri, (This has yet to be confirmed by Siri or Apple). The

4 front story is mobils, specifically a bruising battle between Apple
‘ ‘ and Googla. But onee again the back story is semantic technology. SemanticWeb.com on £ Twitter
# Mobile
Sirt is not some cute iPhone app banged together in a garags overa Facebook

p » RSS
Red Bull fusled long weekend. Siri has hard core semantic tech that eilike | 1,467
criginated from Darpa (just like that little system called the Internet).

Like the Facsbook OpenGraph story, this is another example of ssmantic web going mainstream. The

Open Graph front story was all about social media, but the back story was their adoption of RDFa. S E M A N T I C JU ne 3-7,2012

That has been a big boost to the semantic web community, San Francisco

Eiri looks like a good exit for investors and will give them confidence to invest more in companies



Thing: additionalType, description, image, name, url

CreativeWork: about, accountablePerson, aggregateRating, alternativeHeadline, associatedhedia, audience, audio, author, award, awards, comment,
contentlocation, contentRating, contributor, copyrightHolder, copyrightyear, creator, dateCreated, dateModified, datePublished, discussionlrl,
editar, encoding, encodings, genre, headline, inLanguage, interactionCount, isFamilyFriendly, kewwords, mentions, offers, provider, publisher,
publishingPrinciples, review, reviews, sourcelrganization, text, thumbnailldrl, version, video

Article: articleBody, articlebection, wardCount

MedicalzcholarbyArticle: citation, publicationType
BElog: blogPost, blogPosts

interactionCount, offers, playerType, regionsAllowed, requiressubscription, uploadDate, width
AudioObject: transcript

joint effort including Bing, Google, Yahoo,

Softwaref pplication: applicationCategory, applicationsu
downloadUrl, featurelist, fileFormat, fileSize, installlr Yan d eX

releaseMotes, requirerments, screenshot, softwareWersion, storageRequirements
Mobilefpplication: carrierRequirernents

actor, actors, director, episodeMumber, musicBy, partOfieason, partOfTyZeries, producer, productionCormpany, trailer

r: endDate, episode, episades, numberOfEpisodes, partOfTWSeries, seasoniMurmber, startDate, trailer

startDate, trailer



— KNO.E.SIS

gllﬂl'diﬂll TheObserver ['Your search terms... |Te:hn|:|lcl

Mews US| World | Sports | Comment | Culture | Business | Environment | Science | Travel | Tech | Media | Life & style

Henrs I:} = gLl al=gty p) Zo0gle
Mews ) Technology | gl

Google and the future of search: Amit Eishre (1253 = =
Singhal and the Knowledge Graph U >\ NEE

Google has revalutionised the way we holiday, shop, work and play, B0 3

Nove, with Knowledge Graph, it plans to radically transform the way  [[) share |- 215 Eq';'t'::m“:::g E;‘;‘
wie search the internet. . again. But some voice qualms about the :

compart's ambitions Email Become a College Choo:

pany nstructor, Consultant, et

curriculum Directar ar & he |

Dept Chair. Gathe

Tim Adams EEHE
' senses, that attribute is in the process of changing. This year, Google will
roll out what it calls its Knowledge Graph, the closest any system has yet

come fo creafing what Tim Berners-Lee, originator of the weh itself, L o
I:aIIEId "the semantic weh", tlwe wersion that had understanding as well as |

data, that could ILSelr provide answers, not links to answers.

The kKnowledge Graph is a
database of the 500 million most
searched for people, places and

- [ 1 =l ™ =




Wright State University Sign |
Web Images hMaps shopping Mare = oearch tools I:I
About 32 400 000 results (0.23 seconds)
Wright State University DT | .
s wright, eduf o %
Expanded scholarship program offered. Wright State University has unveiled a new WRIGHT STATE = Slge
scholarship program designed to make a college education mare affordable. UNIVERSITY ©2Wip@eaiis013 Google
seaore: 21730 - 11 Google reviews - Write a review
+) 3640 Colonel Glenn Hwy Dayton, OH 45435 erg ht State
(9371 775-3333 . .
| University
Wings Graduate School
et a WINGS username and Frograms - Admissions - Apply - Directions
password. Alternative Login far ... Check Application Status - ...
o o _ Wright State University is a public
Undergraduate Admissions The Official Wright State ... research university in Fairbomn, Ohia just
. yOur new home away from hame. Flaying in the new and updated outside of Dayton. The school offers
Wisit Undergraduate ... facilities, the Raiders have won ... degrees at the associate, bachelar's,
_ _ _ master's, and doctaral level. wikipedia
Academics Libraries
We think Wright State is pretty Research Databases - Hours - Nickname: Raiders
amazing—and national ... Contact Us - Staff - ...
Address: 3640 Colanel Glenn Hwy,
I Search wright.edu Dayton, OH 45435
Phone: (937) 7/5-3333
Wright State University - Wikipedia, the free encyclopedia Mascot: Rowdy Raider
en.wikipedia. orgfwikiWright_State University Founded: 1967

Wright State University is a public research university in Fairborn, Ohio just outside of

, Colors: Gold, Green
Davton. The school offers degrees at the associate. bachelor's. master's ...



Search Facebook Developers q Docs Tools Support MNews Apps Log In

facebook developers

Open Graph Protocol
Getting Started » Open Graph Protocol

Getting Started
Core Concepts
Advanced Topics
Technical Guides
We announced the next version of the Open Graph at 8 2011, It is currently released to the public, You

car vieny the Open Graph docurnentation here, The below docurnentation refers to the first version of the
Open Graph that shipped with the Like Button at £3 2010.

API Reference

SOk Reference

We have also updated how the Like Button will function with respect to the next version of Open Graph,
Flease read the following developer doc about the Like Button Migration.

Getting Started

The Open Graph Protocol enables you to integrate your Web pages into the sodial graph. It is currently designed for Web pages
representing profies of real-world things — things like movies, sports tearms, celebrities, and restaurants, Inclading Open Graph tags
o your Web page, makes your page eguivalent to a Facebook Page, This means when a user clicks a Like button on your page, a
connection is made between your page and the user, Your page will appear in the "Likes and Interests" section of the user's profile,
and you have the ability to publish updates to the user, Your page will show Lp in the same places that Facebook pages show up
around the site (e.q. search), and you can target ads to people who like your content, The structured data yvou provide via the
Dpen Graph Protocol defines bhow your page will be represented on Facebook,

key Concepks
Tukorial
Tutorial Yideos
Login Dialog
Social Plugins

Dpen Graph Samples

Open Graph Distribukion

Open Graph Tool

Define Objects

Define Actions
Define Aggregations

IJsing Text Templates

Approval

Cpen Graph Checklist
Subrmit For Approsal
Cpen Graph Guidelines

'l

r Like

he Rock {19961

m Noorin Ladhani liked a link

...... ity comm
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EarthCube — KNO.E.SIS

NSF effort for the earth sciences

Goal:

To transform the conduct of research

in the geosciences by developing

IT solutions for the integration of
information and data in the geosciences.

How this is going to be done is still
in the making.

Semantic Technologies have been part of the mix from the start.

[Berg-Cross, ..., Hitzler et al., GIBDa 2012]

L] |
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EarthCube requires

Information integration
Interoperability

conceptual
modeling

Intelligent
search

data-model
Intercomparison

data publishing
support

Semantic Web studies

 Information integration
 Interoperabillity

e conceptual
modeling ‘

* Intelligent .Q
search

e data-model
Intercomparison

e data publishing
support

Pascal Hitzler, WSU; Krzysztof Janowicz, UCSB



Vertical data integration = Kno.€.SIS

Upper level Answer
ontology

Dataset Dataset

[Joshi, Jain, Hitzler et al. ODBASE 2012]
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Ontological commitments = Kkno.e.sis

aflowsinto C a:lsConnected
a:lrrigationCanal C a:Canal

E ; b:flowsInto C b:lsConnected (6)
dJa:flowsInto.a:AgriculturalField C a:lrrigationCanal (3)

(4)

()

b:Canal C (=2 b:lsConnected.b:Waterbody) (7)
b:lrrigationCanal = (=1 b:isConnected.b:Waterbody)

‘Waterbodyna:Lland C L
a:vvaterbody [ 1a:Land (=1 b:flowsinto.b:AgriculturalField) (8)

a:AgriculturalField C a:Land

Two ontologies.
Left: transportation domain
Right: agriculture domain

We cannot simply equate a:Canal and b:Canal !
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Linked Data: Variety and Value (GovTragkjnoesis

“Nancy Pelosi voted in favor of the Health Care Bill.”

vote:hasO

\Vote:
2009-887

vote:vote Votes:2009-887/+

votg:votedBy

@plelpooo@

dc:title

rdfs:label

vote:hasAction

name

dc:title

Bills:h3962

i ﬂ . )
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Ontology Design Patterns = KNo.€.SIS

« Bottom-up homogeneization of data representation.
 Avoidance of strong ontological commitments.
 Avoidance of standardization.

 Well thought-out patterns can be very strong and versatile, thus
serve many needs.

We are currently establishing many geo-patterns in a series of
hands-on workshops, the GeoVoCamps, see http://vocamp.org/

H e
—
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Ontology Design Patterns = KNo.€.SIS

Patternl

Pattern3

“Horizontal” alignment via patterns

|
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Raw trajectory data Geographic information

Semantic —

Trajectories . l /

Domain knowledge

" TLaocation
i s () _k | tracker f""_:h"ﬂ:l
— l = |
_,_r:'_':::_'.ff" i Mt g R .

R %
-
e -
ol

[Hu, Janowicz, Carral, Scheider, Kuhn, Berg-Cross, Hitzler, Dean,
COSIT2013, to appear]

p—
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Semantic Trajectories = Kno.€.SIS

. . OWL-Time: Temporal Thing !
subclass .

: ’
()

hasCreator
"“— hasLocation —J» (Pﬂsitinnj
P
hasFix

Attribut i
/ as ”Xu € ror hasSpatialFGGtDl‘im

[ Semantic J startsFrom

Trajectory

- o o oE o omm g

endsAt [Attrihutej " POL: Place k

\ hasAttribute

h355Engﬂt——h(5egment S
isTraversedBy _.., MutlnnF’ Muwngﬂhject :
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Semantics in OWL = KNo.€.SIS

Fir C datTime. OWL-Time: Temporal Thing dhasLocation. Position
M dhasFiz™ .Semantic Trajectory (1)

Segment C dstartsFrom. Fiz T dendsAt. Fix
T C< l1startsFrom. T
T C< lendsAt. T

Segment C dhasSegment .Semantic Trajectory

startsFrom™ o endsAt C hasNext (6)
hasNexzt C hasSuccessor (7)

hasSuccessor o hasSuccessor C hasSuccessor (8)
hasNext™ T hasPrevious (9)

hasSuccessor T hasPredecesor (10)

|
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Semantics in OWL

— KNO.E.SIS

Fiz M —dendsAt.Segment C StartingFiz

Fix M —~dstartsFrom.Segment C EndingFix

Segment [ dstartsFrom.StartingFiz C StartingSeqment
Segment [ dendsAt. EndingFizr C EndingSeqgment

Semantic Trajectory C FhasSeqgment. Segment
hasSeqment o startsFrom C hasFiz

hasSeqment o endsAt C hasFix

dhasSegment.Segment C Semantic Trajectory
dhasSeqment .Semantic Trajectory C Seqment
dhasFiz.Segment C Semantic Trajectory
dhasFiz— .Semantic Trajectory C Fix

|
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(11)
(12)
(13)
(14)

(15)
(16)
(17)

(18)

(19)
(20)

(21)

45



Cartographic Map Scaling

isConstituentOf representsObject

sharesApplicationWith

ScaledRep

isScaled

getMap GeographicThing

hasScale
isPresentedAs

ScalelLevel

hasUpperBound

isLargerThan

isCompatibleWith

hasLowerBound \
GeometricRep

isMoreGeneralThan

[Carral, Scheider, Janowicz, Vardeman, Krisnadhi, Hitzler, ESWC2013,
to appear]

£ . .
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Semantics in OWL = KNo.€.SIS

sharesApplication With o sharesApplication With T sharesApplication With (1)
sharesApplication With~ T sharesApplication With (2)
Map T dsharesApplication With. Self

(3)

T C< 1hasScale. T (4)

hasScale” T getMap (5)

T C< 1(getMap o shares ApplicationWith). T (6)

isConstituentOf o hasScale C isScaled (7)
isLargerT han o isLargerT han C isLargerT han (8)
d(isLargerThan MisLargerThan™ ). T C L (9)
isMoreGeneralThan o isM oreGeneralThan C isMoreGeneralThan — (10)
A(isM oreGeneralThan MisMoreGeneralThan™). T C L (11)

p—
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Semantics in OWL = KNo.€.SIS

isCompatible With™ T isCompatible With (12)
ScaleLevel C disCompatible With.Self (13)
ScaleLevel C dhasLowerBound.rsd:float (14)
ScaleLevel C dhasUpperBound.xzsd:float (15)
T C< lhasLowerBound. T (16)

T C< 1hasUpperBound. T (17)

T C< lisPresentedAs. T (18)

T C< 1isScaled. T (19)

T C< 1representsObject. T (20)

ScaledRep = disPresentedAs. GeometricRep (21)
ScaledRep C disScaled.Scale Level (22)
ScaledRep T drepresentsObject. Geographic Thing (23)
isConstituentOf o representsObject o representsObject” T R, (24)
T C< 1(Raur MNisConstituentOf ). T (25)

S—
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Semantics in OWL = KNo.€.SIS

sharesApplication With(m,., m,,) A hasScale(s,, m,) N hasScale(s,, m,)

y )\
isConstituentOfim., sry) N isConstituentOf(im,,, sry)A

N isLarger Than(s,, s

representsObject(sry, g) N representsObject(sry, g)/
isPresentedAs(sr,., grr,) N isPresentedAs(sr,, grr, )/

isMoreGeneral Than(grr,, grr,) — L(m,)

This rule enforces that the ontology becomes imconsistent 1f

p—

V\iG

there exist maps m; and mo belonging to the same application with scales s
and s,

scale s 1s larger than scale s9,

maps mq and mo contain scaled representations sry and sro that represent the
same geographic thing g, and

the geographic representation record grry for srq 1s more general than the one
for sro, namely grrs.

f
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Semantics in OWL = KNo.€.SIS

sharesApplication With(m,., m,,) A hasScale(s,, m,) N hasScale(s,, m,)

y )\
isConstituentOfim., sry) N isConstituentOf(im,,, sry)A

N isLarger Than(s,, s

representsObject(sry, g) N representsObject(sry, g)/
isPresentedAs(sr,., grr,) N isPresentedAs(sr,, grr, )/

isMoreGeneral Than(grr,, grr,) — L(m,)

hasScale™ o sharesApplication With o hasScale = Ry

R, MisLargerThan T Ro

1sScaled o Ry o 1sScaled C Rs

isPresentedAs o isMoreGeneralThan o isPresentedAs LT Ry

representsObject o representsObject” T R,
RysMRyMAB;C R
dR;.TCE L

S—
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Take-nome messages = Kno.e.sis

 Linked Data is Big Data in a nutshell.
« Semantic Web Technologies address the meaning of data.

 Ontology design patterns is a powerful concept for Web data
sharing.

 GIScience needs semantics for data and information integration.

L] |
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— KNO.E.SIS

Thanks!
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