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EiCs: Pascal Hitzler
Krzysztof Janowicz

Funded 2010

SClmago ranks us 18" worldwide in
Computer Science

We very much welcome contributions at PP
the “rim” of traditional Semantic Web

research —e.g., work which is strongly S o
Inspired by a different field.

Non-standard (open & transparent)
review process.

e http://www.semantic-web-journal.net/
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Current focus topics:

ontology modeling

ontology design patterns

ontology and data alignment

data and information integration

use of formal semantics

semantic web languages

logical foundations

efficient reasoning algorithms

data security

applications in the sciences and elsewhere
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Part |
Semantic Web
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Semantic Web

The (in)famous 2001 Scientific American article presented a vision
In which data flows seamlessly between all kinds of devices,
services, and intelligent agents.

Of course, for the informed researcher it was (or should have been)
already clear that the timeline of realizing this vision reached
beyond the attention span of funding agencies ...

[Tim Berners-Lee, James Hendler, Ora Lassila, The Semantic Web
Scientific American, May 2001, p. 29-37]
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A Google a Day - 2012 “baSe Lab

Go ugle

Google Search I'm Feeling Lucky

February 25, 2012

If you key in international dialing code 40, how would you say “good morning”

4 in the language of the country you're calling? ¥
Enter your answer  Submit ® Hint? Share | Follow
saT | sun TuE [ THU : ,
a Google a day J +1 m Tips & Tricks ) About
Come here often? Get the a Google a Day Gadget
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GOUSI(:‘ international country code 40

Seal'(:l'] About 141,000 000 results (0.28 seconds) S

I Everything Reverse [ookup for country code 40
wiwt. countrycallingcodes. com/Reverse-Lookup. php?calling-code=40

Images Country code 40 is for Romania. Get more country information for country code 40
Maps with our reverse lookup tool. ... The International Country Calling Code "40" ...
Videos Reverse |ookup for country code 27
wwt. countrycallingcodes comi/Reverse-Lookup. php?calling-code=27

MNews et more country information for country code 27 with our reverse lookup tool. ...
Shoppin Country Calling CudEfS Home International Calling to South Africa Made Easyl ...

PPINg Select a country calling code, 0, 17,7, 20,27, 30, 31, 32, 33, 34, 36, 39, 40, 41 ...
More

—_— P " - a - i -

February 25, 2012

If you key in international dialing code 40, how would you say “good morning”
4 in the language of the country you're calling?

Enter your answer | Submit ® Hint? (@®11:11 Share | Follow
a Google a day g +1 HE rll 5| Tips&Tricks (?) About
Come here often? (¥) Getthea Google a Day Gadget ¥ Hide
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GOUSIC english romanian translation

Search About 8,920 000 results (0.30 seconds) Safe
Everything English to Romanian Translation - Translation - Babylon
translation.babylon.com » English Translation
Images Free English to Remanian translation. Translate English to Romanian online and
Maps download now our free translator to use any time at no charge.
Vid Romanian to English Translation LGD
10e0s Free Romanian to English Free English to Romanian translation.
News translation. Translate Romanian ... Translate English to ...
) Mare results from babylon.com »
Shopping
Applications Romanian - Google Translate

February 25, 2012
If you key in international dialing code 40, how would you say “good morning”

4 in the language of the country you're calling? >
Enter your answer | Submit ®  Hint? (@ 12:45 Share | Follow
a Google a day g +1 EHH 24'| 5| Tips&Tricks  (?) About
Come here often? (*) Get the a Google a Day Gadget ¥ Hide
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W Tweet (2

‘good morning English :I Buna dimineata

10 [ 2]

Grammar

Romanian

_
§ Human , Babylon 9 CJ.MT&T U-verse "
Translation Free download

the best

Chec

Corrects English t

Get a free translation software for your desktop
100 million downloads and counting...
— { Free download S |

e e o . o .3

February 25, 2012

If you key in international dialing code 40, how would you say “good morning”
4 in the language of the country you're calling?

>

Enter your answer  Submit ® Hint? @) 02:15 Share | Follow
a Google aday g+ ‘ H H H 5| Tips & Tricks  (?) About
IGHT STATE
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But computers can’t do that %ase Lab

Question:

XEEERHE

Answer:

BRI iR EL
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Semantic Web

Ideas going back to the early Web days (1989)
e 1990: W3C metadata activity (led to RDF(S))
« W3C semantic web activity: chartered 2001

e USA DAML-Programme 2000-2005
approx. $90M

« Many large scale EU projects since 2002 and ongoing (FP6/FP7).

o 2004 first version of current Web Ontology Language (OWL)
W3C standard
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More recently ...
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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

SITY January 201

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

E— 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



w8
Possible Answers

=0 to see how the computing system designed ta play _—
_____ -
] e
entioned -
i - | The DeepQA hypothesis is that by complementing classic knowledge-based approaches with
_ 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 entitire==—rreere=gme=egilable structured and semi-structured
knowledge available fram for example tHe Semantic Web,
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Go gle Wright State University

Web Maps Images Shopping

About 78,900,000 results (040 seconds)

Wright State University

www.wright.edu/ ~ Wright State University

Mews Mare - Search tools

Wright State University's annual Diversity in the Multicultural Millennium Conference
tackles issues such as race relations, gender equality, minority rights, and ___
4.4 JedHeHd 31 Google reviews - Write a review

#3640 Colonel Glenn Hwy, Dayton, OH 45435

(937) 775-3333

Results from wright.edu

Wings
Get a WINGS username and
password. Alternative Login for

Admissions
Welcome to Admissions at Wright
State University! Our diverse

Academics

Programs - College of Engineering -

Academic Calendar - Catalog

Q

Graduate School
Programs - Apply - Admissions -
Academics - Check Status - ...

Pilot
Sign Into Pilot. Username: Password:
Help Desk - System __.

Boonshoft School of Medicine
Admissions - Departments - Current
Students - Education

Wright State University - Wikipedia, the free encyclopedia
en.wikipedia org/wikiWright_State University ~ Wikipedia
Wriaht State Universitv is a oublic research university in Fairborn. Ohio. located iust

|H||-|I..,¢_'~=£I~ T L 0 N
WRIGHT STATE
UNIVERSITY
Wright State T
Universityr’rar:.r 1,
=
g
. T
= Lot 4, Wright

* State University

Wright State
University

University in Dayton, Chio

Directions Write a review

Wright State University is a public
research university in Fairborn, Ohio,
located just outside of Dayton near Wright-
Patterson Air Force Base and
Beavercreek. Wikipedia

Address: 3640 Colonel Glenn Hway,
Dayton, OH 45435

Mascot: Rowdy Raider

Colors: Green, Gold
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schema.org

Home Schemas Documentation

What is Schema.org?

This site provides a collection of schemas that webmasters can use to markup HTML pages in ways
recognized by major search providers, and that can also be used for structured data interoperability (e.g. in
JSON). Search engines including Bing, Google, Yahoo! and Yandex rely on this markup to improve the display
of search results, making it easier for people to find the right Web pages.

Many sites are generated from structured data, which is often stored in databases. When this data is
formatted into HTML, it becomes very difficult to recover the original structured data. Many applications,
especially search engines, can benefit greatly from direct access to this structured data. On-page markup
enables search engines to understand the information on web pages and provide richer search results in
order to make it easier for users to find relevant information on the web. Markup can also enable new tools
and applications that make use of the structure.

A shared markup vocabulary makes it easier for webmasters to decide on a markup schema and get the
maximum benefit for their efforts. So, in the spirit of sitemaps.org, search engines have come together to
provide a shared collection of schemas that webmasters can use.

WRIGHT STATE
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Wikidata

The online encyclopedia Wikipedia is being supplemented by user-
edited structured data, available for free to anyone.

BY DENNY VRANDECIC AND MARKUS KROTZSCH

Wikidata: A Free
Collaborative
Knowledge Base

[Denny Vrandecic,

Markus Krotzsch:
Wikidata: a free
collaborative
knowledgebase.

UNNOTICED BY MOST of its readers, Wikipedia is currently
undergoing dramatic changes, as its sister project Wikidata
introduces a new multilingual ‘Wikipedia for data’ to manage

Commun. ACM 57(10): the factual information of the popular online encyclopedia.

78-85 (2014)]

(e L
WRIGHT STATE
UNIVERSITY

With Wikipedia’'s data becoming cleaned and integrated in a
single location, opportunities arise for many new
applications.
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==  Freebase
shared publicly - Dec 16, 2014

When we publicly launched Freebase back in 2007, we thought of it as a
"Wikipedia for structured data” So it shouldn't be surprising that we've been
closely watching the Wikimedia Foundation's project Wikidata[1] since it launched

about two years ago. We believe strongly in a robust community-driven effort to
collect and curate structured knowledge about the world, but we now think we

can serve that goal best by supporting Wikidata - they're growing fast, have an
active community, and are better-suited to lead an open collaborative knowledge
base.

So we've decided to help transfer the data in Freebase to Wikidata, and in

mid-2015 we'll wind down the Freebase service as a standalone project. Freebase
has also supported developer access lo the dala, so before we retire it, we'll

launch a new API| for entity search powered by Google's Knowledge Graph.
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Part Il
Ontologies
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A Basic ldea of the Semantic Web %ase Lab

Data e.g. on
/ Websites
Ontology

represents
general domain knowledge

e.g. every publication has an author
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The ontology hype %aSe Lab

 Large, well-thought-out ontologies (foundational/domain/etc).

 “You just have to get your formal definitions right, and a lot of
the rest will just fall into place.”

WRIGHT STATE
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The ontology hype %aSe Lab

 “You just have to get your formal definitions right, and a lot of
the rest will just fall into place.”

— This does not even work for
e scientists
e wanting to share and reuse scientific data
* through well-kept data repositories

— So how is this supposed to work for the web at large?

WRIGHT STATE
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Multiple perspectives %aSe Lab

 Tryto find a universal definition for
— Forest
— Mountain
— City
— River

— Etc.

« The stronger our ontological commitments, the more we loose
reusability.

« We need to accept that conceptualizations are often very local,
resulting in “micro-ontologies”.

WRIGHT STATE
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Multiple perspectives

a:hasWife C a:hasSpouse

symmetric(a:hasSpouse) symmetric(b:hasSpouse)
Ja:hasSpouse.a:Female C a:Male b:hasSpouse(b:mike, b:david)
Ja:hasSpouse.a:Male C a:Female b:Male(b:david)
a:hasWife(a:john, a:mary) b:Male(b:mike jﬁ
b:Male(azjohn) b:Female(b:anna)

b:Female(a:mary)
a:Malema:Female C L

WRIGHT STATE
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The well-done ontologies %ase Lab

* Brittle

 EXxpensive

« Sometimes unintuitive
 Unwieldy
 Single-perspective

o Difficult to reuse

« Work in some contexts.
« Work if a lot of central control is imposed.
* Need alot of manpower to create.

WRIGHT STATE
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The First Semantic Web Hype %ase Lab

 Large, monolithic ontologies

 Sophisticated ontology languages

Scientific Hypothesis:
These will solve your data and information management problems

Remember that scientific progress is fundamentally about
falsification, not verification ©

WRIGHT STATE
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Part Il

Linked Data
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The linked data counter-hype %ase Lab

« “Ontologies don’t work, let’s just link data”

« “Okay, with a little bit of ontologies on top.”

e “The Linked Data Web is the true Semantic Web.”

Linked Data started in 2006, and took off in 2007.

WRIGHT STATE
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Linked Data Cloud 2014 | AAT |

it Tresauns |

@ &) SaTE) \ e : 2dish - T
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tage \ Joumal

2
= Worldcat

% Bt

e
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— /Biosamples |
| |
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Cross-Domain
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Government
Media
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Linked Data: Volume %ase Lab

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




N

Using Linked Data is tricky %ase Lab

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

vote:hasO

Vote:
2009-887

vote:vote Votes:2009-887/+

votg:votedBy

@ple/POOOlQD

dc:title

rdfs:label

vote:hasAction

name

dc:title

Bills:h3962

LT
WRIGHT STATE
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Absence of schema?

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

| i \View (¥ 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 ylap
Characteristics 21

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

Location of Copernicus. =

|+ al

The circular rim has a discernible hexagonal form, with a terraced inner wall Femree atm
and a 30 km wide, sloping rampart that descends nearly a kilometer to the De LaoykAoukale
surrounding mare. There are three distinct terraces visible, and arc-shaped %

landslides due to slumping of the inner wall as the crater debris subsided.

Location of Copernicus.
Moct livaely Ainea tm ite rerant feaematinn tha crater Ffleanr hac ot hoaon floandad



LOD Sch %
5 LOD Schema Stars aSe Lab

Krzysztof Janowicz, Pascal Hitzler, Benjamin Adams, Dave Kolas,
Charles Vardeman Il, Five Stars of Linked Data Vocabulary Use.
Semantic Web 5 (3), 2014, 173-176.

 Quality of schema and documentation.

 Level of reuseability.
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Example from Linked MDB %ase Lab

hasName

hasActor

WRIGHT STATE
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Problem!

Sesame
Street hasName

hasActor

hasActg plays @

plays
Show
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The linked data counter-hype %ase Lab

« “Ontologies don’t work, let’s just link data”

« “Okay, with a little bit of ontologies on top.”

« Butthen we don’t even know how to effectively query over
multiple linked datasets (without using a lot of manpower to
manually integrate them).

» |t seems rather obvious that we need to get ontologies into the
picture, but how to do it while avoiding the drawbacks of strong
ontological commitments?
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Part IV
Towards Synthesis
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Ways forward?

How to establish a flexible conceptual architecture using data and
ontological modeling?
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Ontology Design Patterns %ase Lab

“An ontology design pattern is a reusable successful solution to a
recurrent modeling problem.”

So-called content patterns usually encode specific abstract
notions, such as process, event, agent, etc.

WRIGHT STATE
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Ontology Design Patterns %ase Lab

« Bottom-up homogenization of data representation.

 Avoidance of strong ontological commitments.
 Avoidance of standardization of specific modeling details.

 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/

WRIGHT STATE
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Ontology Design Patterns “base Lab

Patternl

Pattern3

“Horizontal” alignment via patterns
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Example: The NSF GeolLink Project
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EarthCube

EarthCube;

Developing a Community-Driven Data and Knowledge Environment
for the Geosciences

“concepts and approaches to create integrated data management
Infrastructures across the Geosciences.”

“EarthCube aims to create a well-connected and facile environment
to share data and knowledge in an open, transparent, and inclusive
manner, thus accelerating our ability to understand and predict the
Earth system.”

WRIGHT STATE
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EarthCube GeolLink project %ase Lab

Targeting data sharing and discovery in the Earth Sciences.

LDEO: Robert Arko, Suzanne Carbotte, Kerstin Lehnert, Peng Ji

WHOI: Cynthia Chandler, Peter Wiebe, Lisa Raymond,
Adam Shepherd, Audrey Mickle

UCSB: Mark Schildhauer, Krzysztof Janowicz, Matt Jones,

Yingjie Hu
Ocean Leadership: Douglas Fils
Marymount Univ: Thomas Narock

WSU: Pascal Hitzler, Michelle Cheatham, Adila Krisnadhi, Nazifa
Karima, Brooke McCurdy

UMBC: Tim Finin

Featured in a January 2015 Science article.
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GeoLink setup Ctbase Lab

User Interface: Faceted Search

(many, modularly assembled) Patterns

ARV NN

mappings

ANV RN

R2R BCO-DMO IEDA LTER |IODP
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Ontology Design Patterns %ase |_ab

“An ontology design pattern is a reusable successful solution to a
recurrent modeling problem.”

So-called content patterns usually encode specific abstract
notions, such as process, event, agent, etc.

Patterns provide modular, reusable, replaceable, pieces.

By agreeing on reuse of generic patterns (but leaving the
relationships between the patterns to a specific assembly for a
special purpose), we can have reuse while preserving
heterogeneity.

WRIGHT STATE
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Raw trajectory data Geographic information

Semantic — 7 L=
Trajectories | l v N
4 omain knowledge

e e | |
_::’_,—" Lrraa | G I . ,":J- -«:':l_x —| N

e [ Dopatin [ L UL aee |
”__-'--_'—r"'——r._ —— = . . .
: . W U [ Device information

: | nom]
l“‘“"’“" o) [ [ m‘ e

- 1ocation . —],,{m“&mm !
- racker - " -
___,_---_;;:,"" It | — "y L ;
r-'—--———r———F-r —_— [
‘_..-"'--..- ii_ :
E_-

[Hu, Janowicz, Carral, Scheider, Kuhn, Berg-Cross, Hitzler, Dean, COSIT2013]
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Semantic Trajectories %ase |_ab

---------

-D ' I
y ssnivevice .t i .

-
- === === LY

subclass S
: ‘
Source atTime
(source ) o .

hasCreator
""— hasLocation —»| Position
P
hasFix \\ | .+
/ hasAttribute 3 _
S i \ POI: hasSpatlalFGmprmt
Tf;;;{;w startsFrom !
endsAt [Amih“tej " POI-Place :

\ hasAttribute

hﬂEEEQmEﬂt——h(Segment S
isTraversedBy _.., MutmnF’ Muwnngject :
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Semantics in OWL

Fir C datTime. OWL-Time: Temporal Thing dhasLocation. Position

M dhasFiz™ .Semantic Trajectory (1)
Segment C dstartsFrom. Fiz T dendsAt. Fix (2)
T C< 1startsFrom. T (3)
T C< lendsAt. T (4)
Segment C dhasSegment .Semantic Trajectory (5)

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

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

hasSuccessor C hasPredecesor (10)

WRIGHT STATE
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Semantics in OWL

Fiz M —dendsAt.Segment C StartingFiz (11)
Fix M —~dstartsFrom.Segment C EndingFix (12)
Segment [ dstartsFrom.StartingFiz C StartingSeqment (13)
Segment [ dendsAt. EndingFizr C EndingSeqgment (14)
Semantic Trajectory C FhasSeqgment. Segment (15)
hasSeqment o startsFrom C hasFiz (16)
hasSeqment o endsAt C hasFix (17)
dhasSegment.Segment C Semantic Trajectory (18)
dhasSeqment .Semantic Trajectory C Seqment (19)
dhasFiz.Segment C Semantic Trajectory (20)
dhasFiz— .Semantic Trajectory C Fix (21)
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Patterns as interchange format ‘tbase Lab

Aggregated data can be “pulled back” along the same
mappings, if desired.

Since the patterns are very generic, there is no loss of
information by using them as interchange format.

GeoLink Patterns

/ / A \ AN N

mappings

/ / J \ N AN

R2R BCO-DMO IEDA LTER |ODP
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Ways forward

 Establish a flexible conceptual architecture using data and
ontological modeling.

A principled use of patterns, including
— the development of atheory of patterns and
— the provision of a critical amount of central patterns
may provide a primary path forward.
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Some central questions %ase Lab

« ODPs as subject of study

 Understanding generic versus specific modeling in patterns.
 Developing pattern languages and tools

 Understanding and formalizing relationships between patterns,
and making systematic use of it: ecosystems of patterns

 Evaluating the added value of patterns for ontology-based tasks
or applications, e.g. ontology alignment, linked data
visualization, information integration, ...

WRIGHT STATE

January 2015 — ACSW 2015 — Sydney, Australia — Pascal Hitzler 55



Thanks!

www.oceanlink.org
www.geo-link.org
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Oceanographic Cruise %ase Lab
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Roles (Cruise as Event)
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Cruise Trajectories
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Cruise Trajectories

hasTrajectory
isUundertakenBy ,‘ Cruise )[ Trajectory]
/ \\
hasLocation b
hasSegment

hasFix hasSpatialFootprint

isTraversedBy startsFrom

port_stop_arrival

ICruise(x
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Cruise trajectory %ase Lab

Cruise(z) A hasTrajectory(x,y)

A hasSegment(y, z) A isTraversedBy(z, v)
— isUndertakenBy(x, v)

Cruise = dcruise.Self

cruise o hasTrajectory o hasSegment o isTraversed By
C isUndertakenBy
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Cruise Trajectories

Fix(x) A hasAttribute(x, portStopArrival

A atPort(zx, y) A hasSpatialFootprint(y, z) -
Position
A hasLocation(x,w) — locatedIn(w, z \

e A hasLocation \‘\
asSegmen ' )
9 hasFix hasSpatialFootprint

hY
A\

isTraversedBy startsFrom AN,

Segment I
Fix Place |
\ endsAt ’ .

' nextFix
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hasAttribute

rdf:type atTime atPort \rcis:subCIaSSOf
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time: TemporalEntity Port |

ort_stop_departure Attribute I |
rdf:type | ) | —
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Cruise trajectory %ase Lab

Fix(x) A hasAttribute(z, portStopArrival)
A atPort(z, y) A hasSpatialFootprint(y, 2)
A hasLocation(z,w) — locatedIn(w, 2)

Fix A dhasTrajectory.{portStopArrival} = Ffixps.Self

hasLocation™ o fixps o atPort o hasSpatialFootprint
C locatedIn
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Information Objects
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