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What is a Knowledge Graph?
What is Open Data?

How do they connect?

2 applications for using Knowledge Graphs & Linked
Data for Open Data Search!



What is a Knowledge Graph?
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Probably I don’t need to ask this here...

JZv natural-language-understandin X +

@ @ https://www.ibm.com/watson/developerc! B | ee @ v || Q Search vy N @ =

Watson

' g ., atural Language . Java Python
$23 081 RetsIRaRgtag Introduction

Understanding

Natural Language Understanding uses natural language
processing to analyze semantic features of any text.
WAT%N Introduction Provide plain text, HTML, or a public URL, and Natural

API Reference API Endpoint

API Explorer Language Understanding returns results for the features https://gateway.watsonplatform.net/natural-1
3 - you specify. The service cleans HTML before analysis by anguage-understanding/api/v1l
Isﬂac NL‘W'O" Authentication default, which removes most advertisements and other
Isaac Barrov Versioning unwanted content. _
~ saac Barrow Analyze Important: If you have IBM® Cloud Dedicated, this
x)t(f[)h('.‘” I ‘“kaq i might not be your endpoint. Check your endpoint
’ POST /analyze You can create custom models with Watson Knowledge 9 M point. Y P
P Studio that can be used to detect custom entities and URL on the Service credentials page for your
b relations in Natural Language Understanding. instance of the Natural Language Understanding
] ‘ Categories .
service.
Concepts

Emotion
Entities
Keywords

https://youtu.be/POObmODBvVWI?t | wetaaa APl Explorer

Relations

To interact with this REST API, use the Natural Language
Understanding API Explorer. Use the Explorer to test your
Sentiment calls to the APl and to view live responses from the server.
Manaae models

Semantic Roles

X dbped Al v Highlight Al Match Case  Whole Words



https://youtu.be/P0Obm0DBvwI?t=951

But seriously:

What IS a Knowledge Graph?
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... good question!

Search

Official Blog

‘ 5 |
O I e Insights from Googlers into our products, ;
technology, and the Google culture

Introducing the Knowledge Graph: things, not strings
May 16, 2012

Cross-posted on the Inside Search Blog

Search is a lot about discovery—the basic human need to learn and broaden yo
horizons. But searching still requires a lot of hard work by you, the user. So today I'm
really excited to launch the Knowledge Graph, which will help you discover new

information quickly and easily.

Take a query like [taj mahal]. For more than four decades, search has essentially been
about matching keywords to queries. To a search engine the words [taj mahal] have

been just that—two words.

Google

o mana "o [

Taj Mahal - Wikipedia. the free encyclopedia ‘Taj Mahal

Mumtaz Mahal,

Height: 561 fee (171 m)
Opened: 1648

‘Adaress: Symbol of Day of Judgoment SH 62
282001, Agra, Utar Pradosh, Inda

©) Symbolof Day o Judgement .SH 62 282001 Agra, Utar Pradesh, India
05622226431 Architectural styte: Mughal

iecture

Phone: 0562 222 6431
Taj Mahal - Welcome to tajblues.com HOME

- Architect: Ustad Abmad Lahaur

People aso search for

See results about

o Taj Mahal
Musician
Bl Henry Saint Clair Fredericks, who uses the stage name
- Taj Mahal, is an American Grammy Award winning blues

A m®  Trump Taj Mahal Casino Resort
The Trump Taj Mahal is a casino located at 1000
Boardwalk in Atlantic City, New Jersey, United States, in

Explore the Taj Mahal Virtual Tour -*§_STARS ..

* WOW!_Thilig._Exctic. Ravishing!* says The SundayTimes, London — 360

Says more what a KG does
than what it is...
“interesting things and

[understanding their] relationships
[to improve Search]”



What is a Knowledge Graph?
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= Semantic Search: Yahoo's knowledge graph...

Source: What
happened to the
Semantic Web?
Peter Mika, Keynote
at ACM Hypertext,
July 5, 2017

https://www.slidesh

are.net/pmika/what
-happened-to-the-
semantic-web

releaseTitle: Suit & Tie (feat. JAY Z)
runTime: 326 sec
2
aaaaaa l

.
@ iTunes
actionType: purchase

price: 1.29
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https://www.slideshare.net/pmika/what-happened-to-the-semantic-web

What is a Knowledge Graph?

Doesn’t look too
different from that
one?

Source:

https://www.w3.0rqg/
History/1989/proposa

l.htm!| Tim Berners-
Lee, 1989
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https://www.w3.org/History/1989/proposal.html

What is a Knowledge Graph?
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= Some more random proposals of what was the "first knowledge graph from
social media... :

(via Enrico Franconi)

Representation and Understanding

Studies in Cognitive Science :.:
]

1975, Pages 35-82

Frank van Harmelen m o
@FrankVanHarmele

See en.wikipedia.org/wiki/Shield_of... WHAT'S IN A LINK: Foundations for Semantic Networks

"It’s probably the first example of a »

knowledge graph, and it has conflicting Willam A. Woods

sameas statements" (dixit Peter Bloem e Enrico Franconi This is where it was mentioned for the first time et riohie and contont
@pbloemesquire ) et rignis and conten

that those graphs actually need semantics...
https://www.sciencedirect.com/.../pii/B9780121085506500070

NON EST i i
v WHAT'S IN A LINK: Foundations for Semantic
% é Networks - Representation and Understanding
N CEDIRECTCOS for semantic network
i o . 1as the meaning of semantics, the
- Like - Reply - Remove Preview - 10h gs for various types of arcs and
ﬁ links, the need for careful thought in choosing conventions for representing facts as

\ assemblages of arcs and nodes, and several specific difficult problems in knowledge

representation—especially problems of relative clauses and quantification. When the
semantics of the notations are made clear, many of the techniques used in existing
semantic networks are inadequate for representing knowledge in general. The chapter
presents the logical inadequacies of almost all current network notations for representing

httDS ://e n.wiki Ded ia.o rC]/Wi kI/S hi quantified information and also discusses some of the disadvantages of a few logically
e|d Of the Trin itV adequate techniques.
https://www.sciencedirect.com/science/article/pii/B9780121085506500070 7

Others: KL-ONE, CYC ...



https://en.wikipedia.org/wiki/Shield_of_the_Trinity
https://www.sciencedirect.com/science/article/pii/B9780121085506500070
https://onlinelibrary.wiley.com/doi/abs/10.1207/s15516709cog0902_1
http://www.cyc.com/

WIRTSCHAFTS

When we hear about Open Data and Knowledge
Graphs... many think about Linked Open Data...

AND BUSINESS



http://lod-cloud.net/

So What is actually Linked Data...? “U
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https://www.w3.org/community/webize/2014/01/17/what-is-5-star-linked-data/

*

ok

Fkok
Yokkk

122,20,

Available on the web (whatever format) but with an open licence, to be Open
Data

Available as machine-readable structured data (e.g. excel instead of image scan
of a table)

as (2) plus non-proprietary format (e.g. CSV instead of excel)

All the above plus, Use open standards from W3C (RDF and SPARQL) to identify
things, so that people can point at your stuff

All the above, plus: Link your data to other people’s data to provide context

Linked Data Principles
. LDP1: use URIs as names for things
. LDP2: use HTTP URIs so those names can be dereferenced

. LDP3: return useful - RDF? - information upon
dereferencing those URIs

. LDP4: include links using externally dereferenceable URIs.

https://www.w3.org/Designlssues/LinkedData.html



https://www.w3.org/community/webize/2014/01/17/what-is-5-star-linked-data/
https://www.w3.org/DesignIssues/LinkedData.html

Linked Open Data... growth since ~10 years
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2017-08-22
2017-02-20
2017-01-26
2014-08-30
2011-09-19
2010-09-22
2009-07-14
2009-03-27
2009-03-05
2008-09-18
2008-03-31
2008-02-28
2007-11-10
2007-11-07
2007-10-08
2007-05-01

1163
1139
1146
570
295
203
95
93
89
45
34
32
28
28
25
12

RDF Book

Mashup

Growth of Linked Datain "numbers of Datasets":

1400

1200 Linking Open Data cloud diagram 2007-2017, by Andrejs
1000 Abele, John P. McCrae, Paul Buitelaar, Anja Jentzsch and
800 Richard Cyganiak. http://lod-cloud.net/

10


http://lod-cloud.net/

Linked Open Data... “U
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Summary:

« Web inspired Data exchange
Format (RDF)

 Open Standards and Principles
to build, publish and interlink
decentralized Knowledge Graphs

« Did in fact inspire many other
Linking Open Data cloud diagram 2007-2017, by Andrejs

KnOWIedge G Fa phSI Abele, John P. McCrae, Paul Buitelaar, Anja Jentzsch and
Richard Cyganiak. http://lod-cloud.net/

= But: Open Data is a lot more than Linked Open Data...


http://lod-cloud.net/
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What is a Knowledge Graph?
What is Open Data?

How do they connect?

12
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Open Data is a Global Trend! “U

= EU & Austria, but also the (previous) US and UK administration are/were
pushing Open Data!

THE WORLD BANK

Open Data
Open Government Data
Offene Daten fir Wien

Umwelt

ooty s b e

I(]panujcﬂ[ﬁ'ﬁ
mesllaiOffene; o
TANSRATEN o 1 o

A firsbstep tc :\\.n‘dsq

EDATAGUV DATA TOPICS ~ IMPACT APPLICATIONS DEVELOPERS CONTACT

4

v" =
Z
U

n Eur%

&
-

N The home of the U.S. Government’s open

U] [ey
DIRECTIVE 2007/2/EC data
INSPIRE
Here you will find data, tools, and resources to conduct research, develop
web and mobile applications, design data visualizations, and more.

GET STARTED
SEARCH OVER 170,714 DATASETS

v

Federal Student Loan Program Data Q



(Structured) Open Data comes in various ways “Um?ﬁ“
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W A s Q@ & B L &

I
Environment Production, Agriculture, Transport International Law Politics Geography
technology and forestry and organisations
research fisheries
R\ i /\| ;v,
L el o 1 <l
e A

Employment Social Economics Finance Trade Industry Education and Science
and working questions communication

conditions

« Available data is only partially structured and not linked [1]:

CSV (3-star)
Excel (2-star)

RDF/Linked
Data? Not
significant

PDF (1start)
Unknown format (1-star) 16%

mCSV mExcel w®mPDF ®Missing Format 82 data portals 160K datasets

[1]

Umbrich, J., Neumaier, S., Polleres, A.: Quality assessment & evolution of open data portals. International Conference on Open and Big Data (2015)



Open Data as a Global Trend:
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Country
United States
Canada

UK

France
Russia

Japan

Italy

Germany

URL

data.gov
open.canada.ca
data.gov.uk
www.data.gouv.fr
opengovdata.ru
data.go.jp
dati.gov.it
govdata.de

Data portals of the G8 countries

Datasets
170.7k
79.1k
45.1k
34.2k
30.3k

21k

20.4k
19.8k

15



Different portals...
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DATA TOPICS - IMPACT APPLICATIONS DEVELOPERS CONTACT

/o [T ©

/Department of Housing and .../ US Department of Housing ﬁh K Re 1 : |
T
"«“‘ o, Housing Affordability Data System (HADS)
& % 9 Metadata Updatest: March 8, 2017
C] =z
= * 2 The Housing Aftarcability Data System (HADS| t the 1985 and lacer national
% " r- American Housing Survey (AHS) and the 2002 Metro AHS. This 5y: writs by
%y, r g attarcability and househalds oy income. with respect to the Adusted Median Income. Fair Market Rent
“w pevEY (FMR, 1 alsa Includes o owner and renter househalds. These fles
hiave been the basis for the worst case needs tables since 2001 The cata Hes are e for petlic use,
sincethey ts anc FMRs. These dataset
five the commer w nityzouse
& Tepics
BusiessUsa
© Cersamer Access & Use Information
OEnerey O Publc Thisdataser s intenced for publlc sccess and use.
35 proviced. It e
Franee Uit States government 25 part of that persan's oficlal Citles s considered a LS. Government Wors.

© Ospertunity
B Pubiisher

US Department cf Housingand
Urban Developmen

2 Comtact
Shata Markland

¥ Share on Sectal Sites
@ Ceogler

0 Twitter

M Facebock

Metadats Creates Dace: March 7, 2014
Metadata Updated Date March8, 2017

Metadata Source

= Dataenmensca

Crmardz e Ve

from HUD JSON

afferdability | cost  tmr | households | housig  icome | rent | renter
Additional Metadata

Resource Type Dataset

Metadats Created Date: March 7, 2014

Metadata Updated Date March8, 2017

Putliner US Department o Howsing and Urtan Develcoment.
Unigue igentiier HUDO31

Maintainer Shulz Marklang

Maintainer Emal Shula Mardanc@HUD gow

data.
V.

Suchbegriff (8. Finanzen, Wahlen)

.
at + Datenkatalog @ Apps & News

data gv.at - offene Daten Osterreichs

Stariseite  Daten Dokumente

Katalog

Bildungsausgaben

Bildungsausgaben;Regionale GliederungBildungseinrichtung
Daten und Ressourcen

0GD_bildungsausgaben_BILDAUS 1
OGD_bildungsausgaben_BILDAUS 1 HEADER
OGD_bildungsausgaben_BILDAUS 1 C-A10-0

©OGD_bildungsausgzben_BILDAUS 1_C-BARG-O

PR

0GD_bildungsausgaben_BILDAUS 1 C-BASEL-D

il

Titel und Beschreibung Englisch & Educationzl expenditure

Verdifentlichende Stelle & Statistik Austria
Datenverantwortliche Stelle g Statistik Austria, Guglgasse 13, 1110 Wien, Austria

Kontaktseite der datenverantwortlichen

http://www statistik at/web_de/kontakt
Stelle &

Datenverantwortliche Stelle -

opendata@statistik gv.at
E-Mailkontakt g
Lizenz @ Creative Commons Attribution Licerse
Lizenz Zitat g Datenguelle: CC-BY-3.0: Statistik Austria - data statistik gv.at

Link zur Lizenz g hitps.

eativecommons.org/licenses/by/3.0/

(http/statcube at/statcube
/opendatabase?id-debildungsausgaben http:/www.statistik at
eb_de/statistiken/bildung_und_kultur
formales_bildungswesenbildungsausgabenvindex hmLhttp:
SWWw st

Weiterfihrende Metadaten - Link &

likavweb_en

tistics/education_culture
Mormal_educ:

n/educational_expenditure/index htmi}

C-AL0-0ZeitC-8ARG-ORegionale GliederungC-
BABEL-0:BildungseinrichtungF-INSG:Ausgaben (gesamt)F-

TR PAPersonalaufwands-TR SASachaufwan

ol L)

Q, Suche starten

Anwendungen

Verdffentlichende Organisation
bzw. Person

Statistik Austria
Kategorie @&
#i Bildung und Forschung

4 Finanzen und
Rechnungswesen

@i Wirtschaft und Tourismus

Schlagworte &

Bildungsausgaben

API - Link zu allen Metacaten
/api/f3/action
/package_show?id-71137735-2c65-328f-
b57d-be4lada765e

RSS-Feeds flr Statistik Austria
gednderte Datensétze

Letzte Anderung

30.04.2018 00:59:46

16
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What do you find on Open Data Portals?

&« c @ @ @ https://www.data.gv.at/suche/?search-term=Leopoldstadt&s v [E <+ @ ¢  Q Search v In @ =

Eap @

Q s

at = Daten & Dokumente @ Apps & News

data.
gv.

data.gv.at - offene Daten Osterreichs

Startseite ¥ | Dokumente Anwendungen

Katalogsuche

Leopoldstadt Wildcards (*) flr Suche nach Wortteilen werden unterstiitzt.

F | ltEr Filter einblenden

'S Suche starten

Suchergebnis zu "Leopoldstadt” (0 gefunden) Seite 1von 0 N O I l O O I I l u CI l '
H
alle Datensatze anzeigen Ergebnisseiten: & Erste Letzte (0) (1 @

Gb Suchergebnisse von opendataportal.at (0 gefunden)

COOPERATION OGD § OSTERREICH Impressum (Datenschutz) £\ RSS-Feeds B @datagvat Weitere Daten: (xp -
S

17



Why is Search in Open Data a problem? “U
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il

& data.gv.at

<)
G
Q

4

https://www.youtube.com/watch?v=kCAymmbYIvc eee < ™

Structured Data in Web Search by Alon Halevy data.
v.

Suchbegriff (z.B. Finanzen, Wahle

at « Datenkatalog @ Apps & News

data gv.at - offene Daten Osterreichs

Startseite * Dokumente Linked Data Anwendungen

Katalog

VS : Bevdlkerung in Wien: Bezirk - Geschlecht

[ ¢ | D [ E [ F [ G [ H [ 1
NUTS3 DISTRICT_CODE SUB_DISTRICT_CODE POP_TOTAL POP_MEN POP_WOMEN REF_DATE
AT130 90101 0 16131 7726 8405 01.01.2014
AT130 90201 0 99597 48650 50947 01.01.2014
AT130 90301 0 86454 41085 45369 01.01.2014
AT130 90401 0 31452 14903 16549 01.01.2014
AT130 90501 0 53610 26299 27311 01.01.2014
AT130 90601 0 30613 14833 15780 01.01.2014
AT130 90701 0 30792 14703 16089 01.01.2014
AT130 90801 0 24279 11855 12424 01.01.2014
AT130 90901 0 40528 19286 21242 01.01.2014
AT130 91001 0 186450 91638 94812 01.01.2014
AT130 91101 0 93440 45541 47899 01.01.2014
AT130 91201 0 90874 43752 47122 01.01.2014

Open Data Search is hard...

a) No natural language ,,cues" like in Web tables...

b) Existing knowledge graphs don't cover the

domain of "Open Data" well 18
c) Open Data is not properly geo-referenced

PP AP AP AP AP AP AP AP 4


https://www.youtube.com/watch?v=kCAymmbYIvc

2 applications for using
Knowledge Graphs & Linked Data “U

for Open Data Search!

sssssssssss

= What we do: 2 approaches how knowledge graphs could help to solve the
Open Data search problem (aside the obvious):

1. Hierarchical labelling of Labeling of humeric data
2. Hierarchical labelling of Spatio-Temporal entities

19
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Example Table W -

sssssssssss

federal state district year sex population

Upper Austria Linz 2013 male 98157
Upper Austria Steyr 2013 male 18763
Upper Austria Wels 2013 male 29730

20



Open Data CSVs look more like this “U

sssssssssss

NUTSZ2 LAUZ2_NAME YEAR SEX P_TOTAL
AT31 Linz 2013 98157
AT31 Steyr 2013 18763
AT31 Wels 2013 29730

Source: https://www.data.gv.at/katalog/dataset/e108dcc3-1304-4076-8619-f2185c37ef81

21


https://www.data.gv.at/katalog/dataset/e108dcc3-1304-4076-8619-f2185c37ef81

Why not use the numeric values?

NNNNNNNNN

CCCCCCCCC
sssssssssss

= Identifying the most likely semantic label for a
bag of numerical values

= Deliberately ignore surroundings

NUTSZ2 LAUZ2_NAME YEAR SEX P_TOTAL
AT31 Linz 2013 98157
AT31 Steyr 2013 18763
AT31 Wels 2013 29730

22



Why not use numeric values? “U
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CCCCCCCCC
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= Identifying the most likely semantic label for a
bag of numerical values

= Deliberately ignore surroundings

population (a district) (country Austria)

23



Background Knowledge Graph
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What's in there?

Cities
 Population
« Area
+ Country

+ Location (Coordinates)

« Economic indicators
Organisations:

* Revenues

« Board members

Persons (e.g. celebrities, sports)
*  Name
+ Profession
* Height
Landmarks (e.g. famous buildings)
« Country
*+ Location

* Height
Events
« Dates

« Location

24



Background Knowledge Graph “U

CCCCCCCCC
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= Find properties with
numerical range
= Hierarchical clustering dboheight
approach C Vel o D)
N\

a dbo: Person a dbo:Building

= Two hierarchical layers: @ h

= Type hierarchy _________ ~adbo:BasketballPlayer .
(using OWL classes) S ; -'. ___________ ;

dbo:league db:National ...
= Property-object hierarchy é
(shared property-object pairs)

S R . -



Label based on Nearest Neighbors “U

UNIVERSITY OF
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dborheight Vector space
( V=[vlv2,....vn] } .'O . .
7~
a dbo:Person @ dbo:Building . . .

¥ R .

VAEV )

: : LY : :
e Ve ooy et
—-
ey Oe@

dbo:league db:National ... . _.,.O 2

\,’.O‘C‘-‘OO N Q

T ~3—0s
Vi O yeee VAL Ve

26



Example OD Labelling “U

populationTotal (a Settlement)

populationDensity (a City)

INUTS1|NUTS2|NUTS3|DISTRICT_CODE|T|WV|WK|BZ||SPR|WBER |ABG. JJUNG.
IAT1 |AT13 [AT130 | 1o Jo Jo Jo [1163061]5032849386

IAT1 |AT13 [AT130 | [0 Jt o Jo 111279 |52674 §774 J9344 [12395 [6482 [14154 [[114 5412 ]
IAT1 |AT13 [AT130 | 2[o J2 Jo Jo 98379 51785 f646 [10324]10236 [4700 15398 [[124 6569 ]
IAT1 |AT13 [AT130 | 2o 3 Jo Jo 110527 |l45483 f810 J5317 [13304 [7816 [10944 [[115 3613 ]
IAT1  |AT13 |AT130 | 2[o fa o Jo 229521 |[84387 §1953 §10097]27922 [21091][11631 [[256 5299 ]

IAT1  |AT13 |AT130 | 2[o 5 o Jo 212262 |[97755 1806 §18703]25314 [16613[19333 [[324 9175 |
IAT1  |AT13 |AT130 | 2o 6 Jo Jo 175288 |[82790 f1321 §17560]19059 [11765][18996 [242 8389 ]
AT1 |AT13 ||AT130 | 12[o |7 Jo [o ]j225805 [j88410 1062928161 (21496/12793 (341 6434 |
AT1 |AT13 ||AT130 ||90301 Blo 1 [3 [o 57528 27320 4938 6586 3567 (6969 |68  [2789 |
AT1 |AT13 ||AT130 ||90401 B9 1 [4 [o J21000 [11027 2401 |2253 [1068 (3082 [26  [1277 |
AT1 |AT13 ||AT130 ||90501 B9 Jt |5 Jo 32751 [14327 224 J2005 (3556 1847 [4103 20  [[1346 |

Source: http://data.wu.ac.at/iswc2016 numlabels/submission/col14.html

27


http://data.wu.ac.at/iswc2016_numlabels/submission/col14.html

Lessons learned “U

UNIVERSITY OF
ECONOMICS
AND BUSINESS

= We can assign fine-grained semantic labels

= If there is enough evidence in BK
= However: Missing domain knowledge for labelling OD

Future work:

= Complementary to existing approaches (column header labeling, entity linking and
relation extraction)

= Combined approaches may improve results
= Focusing on core dimensions of specific domains e.g. city data, maye more
promising than “general” value labeling.

International Semantic Web conference 2016:

Multi-level semantic labelling of numerical values

Sebastian Neumaier', Jiirgen Umbrich’, Josiane Xavier Parreira?, and Axel Polleres’

* Vienna University of Ecomomics and Business, Vienna, Austria
¢ Siemens AG Osterreich, Vienna, Austria

28
Abstract. With the success of Open Data a huge amount of tabular data sources
became available that could potentially be mapped and linked imto the Web of




What else can we do/use? “U

sssssssssss

Focus on specific dimensions:
= Particularly temporal and geospatial queries require better support [2]

NUTSZ2 LAUZ2_NAME YEAR SEX AGE_TOTAL
1 98157
1 18763
1 29730

[2] Emilia Kacprzak, et al.: A Query Log Analysis of Dataset Search. International Conference on Web Engineering (2017)
29



Available Geospatial Knowledge Bases “U
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2 Pa T
Vg 9Stay, ! Pasteur
| B ~=~="TDrivg —visitor
[ &/ T esi_Garage
_ Y/ Richard ATSF==.
<) stanford 23 TP r3 M. Lucas '
P PPL populated place s ; ' | b Center '
United Emate:‘}:':wiijwf:::'ru:q"“ g : ‘ L [ . .for lmaging / /
population : 13809 { Lry = {
37.42411,-122.16608 N 37°25'27" W 122°09'58" d [/ e o ' [
: [ | €D £ Health "~ 1g . [
kml  rdf : . |/ FGH Research E} Comas L. IE -
' B and = DErlane"ﬂ g
Policy ' |%& I3
. Redwood [E ,'é’-
Building /=5
Medical J é 2/ g
School Lutticken's
Office [ I Dell
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Geo-Knowledge Graph Construction
Postal
European Classification |- NUTS GeoNames codes T \yikidata

Of TerrItOI‘Ia| UnltS irst-order administrative division
[Srorder samimstatve d GeoNames

Wikidata links
\

Mapping OSM entities _— Wikidata links

to GeoNames regions —

Extracting OSM OpenStreetMap

streets and places

P Austrian
Welthandelsplatz| [ | | | Broadcasting —
L Cooperation f
{1\ __ORFZentnr s 31




Available Temporal Knowledge “U
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|II||I|I|| Wikidata Query & Beispiele O Hilfe ~ £+ Werkzeuge ~ Pe”OdS
1 SELECT ?itemLabel ?countrylLabel ?startLabel ?endLabel Viewing 4226 - 4250 of 5134
2 WHERE
314 Show 25~ periods at a time.
- ?item wdt:P31 wd:Q3558349 ;
5 wdt:P17 ?country ;
6 wdt:P580 ?start ; Previous 1 2 169 ESYOM 171 .. 205 206
7 wdt:P582 ?end .
8 SERVICE wikibase:1label { bd:serviceParam wikibase:language "[A
9} A Label Earliest start Latest stop
Tairona Period 900 1600
Taisho Era 1912 1926
WIKIDATA Taishd period, 1912-1926 1912 1926
Taizong 976 997
®- @ <> Code &H Taizong Liao dynasty 926 947
itemLabel countryLabel startLabel endLabel
Kabinett Lincoln Vereinigte Staaten 1861-03-04T00:00:00Z 1865-04-15T00:00:00Z
Presidency of Cristina Fernandez de Kirchner Argentinien 2007-12-10T00:00:00Z 2015-12-09T00:00:00Z
Presidency of Fidel V. Ramos Philippinen 1992-06-30T00:00:00Z 1998-06-30T00:00:00Z 32




Temporal Knowledge Graph Construction
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CONSTRUCT {

7event rdfs:label ?label ; dcterms:isPart0Of ?Parent ; dcterms:coverage 7geocoordinates ;

timex:hasStartTime ?StartDateTime ; timex:hasEndTime ?EndDateTime ; dcterms:spatial ?geocentity .

} WHERE {

# find events with (for the moment) English, German, or non-language-specific labels:

?event wdt:P31/wdt:P279* wd:Q1190554 . Zevent rdfs:label 7label .

FILTER( LANG(?label) = "en" || LANG(7label) = "de" || LANG(7label) = "" ).

# restrict to certain event categories, e.g. (for the moment) elections and sports events:

{ # elections #sports competitions

{ 7event wdt:P31/wdt:P279* wd:Q40231 } UNION { 7event wdt:P31/wdt:P279* wd:Q13406554 }
}
{ # with a point in time or start end end date
{ 7event wdt:P585 ?StartDateTime . FILTER ( ?StartDateTime > "1900-01-01T00:00:00""~"xsd:dateTime) }
UNION
{ 7event wdt:P580 ?StartDateTime. FILTER ( ?StartDateTime > "1900-01-01T00:00:00"""xsd:dateTime)
7event wdt:P582 ?7EndDateT. FILTER ( DATATYPE(?EndDateT) = xsd:dateTime) }

}

OPTIONAL { 7event wdt:P361 ?Parent }

# specific spatialCoverage if available

OPTIONAL { ?event wdt:P2767/(wdt:P17|wdt:P131) ?geocentity }

OPTIONAL { ?event wdt:P2767/wdt:P625 ?geocoordinates }

BIND ( if(bound(?7EndDateT), ?EndDateT, xsd:dateTime(concat(str(xsd:date(?StartDateTime)),"T23:59:59"))) AS ?7EndDateTime )
}

CONSTRUCT {
7P rdfs:label 7label ; dcterms:isPartOf ?7Parent ; dcterms:spatial 7geo ;
timex:hasStartTime ?StartDateTime ; timex:hasEndTime 7EndDateTime .

} WHERE {

{ 7P skos:prefLabel 7label } UNION { 7P skos:altLabel 7label } UNION { 7P rdfs:label 7label }
}
?P time:intervalFinishedBy 7End ; time:intervalStartedBy ?Start.
OPTIONAL { 7P periodo:spatialCoverage ?geo }
OPTIONAL { 7P dcterms:spatial 7geo }
OPTIONAL { 7P dcterms:isPart0Of 7Parent. }
OPTIONAL{ 7End time:hasDateTimeDescription 7EndTime .
OPTIONAL{ ?EndTime time:year ?EndYear }
OPTIONAL{ ?EndTime periodo:latestYear 7EndYear }
}
OPTIONAL{ 7Start time:hasDateTimeDescription ?StartTime .
OPTIONAL{ 7StartTime time:year 7StartYear }
OPTIONAL{ ?StartTime periodo:earliestYear ?StartYear }
}
OPTIONAL{ 7Start (!periodo:aux)+ ?StartYear. FILTER (isLiteral(?StartYear)) }
OPTIONAL{ 7End (!periodo:aux)+ 7EndYear. FILTER (isLiteral(?StartYear)) }

FILTER( ?StartYear >= "1900"""xsd:gYear || xsd:integer(?StartYear) >= 1900 ||
?EndYear >= "1900""“xsd:gYear || xsd:integer(?EndYear) >= 1900 )

BIND( xsd:dateTime(concat(str(?StartYear),"-01-01T00:00:00")) as ?StartDateTime )
BIND( xsd:dateTime(concat(str(?EndYear),"-12-31T23:59:59")) as ?EndDateTime ) }

Named events and
their labels

Links to parent
periods

Temporal extent:
a single beginning
and end date

Links to the spatial
coverage
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Dataset Labelling

Metadata descriptions

Geo-entities in titles, descriptions
organizations

= Restricted to ,origin® country of
the dataset (from portal)
Temporal tagging using
Heideltime framework [3]

CSV cell value disambiguation
= Row context:

Filter candidates by potential
parents (if available)

Column context:

Least common ancestor of the
spatial entities

[3] Strotgen, Gertz: Multilingual and Cross-domain Temporal
Tagging. Language Resources and Evaluation, 2013

|
Attributbeschreibung @

( Metadata |

------
_____

Tourismus - Ankunfte und Nachtigungen irt Oberosterrelch ;

-~
-~ -
--------

Ankiinfte und Nachtigungen in den oberdsterreichischen Meldegemeinden ab glem Jahr 2000

Daten und Ressourcen

_

Ankiinfte und Nachtigungen in OO seit dem Jahr 2000

&)
\‘ |
Veréffentlichende Stelle @ | |

P <
\ ‘. Land Oberdsterreich 7,
\ \ S . e
Datenverantwortliche Stelle \ ‘l Land @berdsterreich, Abteilufg Statistik
{1
2 \ b
Lizenz @ | | Cregtive Commons Namefsnennung 3.0 Osterreich
{1
. . \ |
Link zur Lizenz @

s://creativecommaghis.org/licenses/by/3.0/at/deed.de

UTS2 => BundeslgAd OberdsterreichGemeindenummer bzw.
Gemeindename £ Erhebungsgemeindelahr => Kalenderjahr

Erhebungsgemginde t. Tourismus-Statistik-Verordnung 2002 §2
Abs.7: Stadte And Gemeinden mit mehr als 1.000

Gastenachygungen im Kalenderjahr

NUTS2 Gemeindename  Jahr Ankuenfte Naechtigungen
AT31 ' Linz ___ 2000 340880 579683
AT31 1 ."§-f_e'yr'_ T 2000 38726 78644
AT31, Wels 2000 84370 150417
AT31, Altheim 2000 4989 10744
AT31 %4 Aspach 2000 2637 21316
AT31 \ Auerbach 2000 484 3541
AT31 ,\ Braunau a.Inn 2000 15748 33911




Indexed Datasets “U

UUUUUUUUUUUU
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portal datasets | CSVs indexed
total 15728
govdata.de 19464 | 10006 5646
data.gv.at 20799 | 18283 2791
offenedaten.de 28372 4961 2530
datos.gob.es 17132 8809 1275
data.gov.ie 6215 1194 884
data.overheid.nl 12283 1603 828
data.gov.uk 44513 7814 594
data.gov.gr 6648 414 496
data.gov.sk 1402 877 384
www.data.gouv.fr 28401 6038 258
opingogn.is 54 49 41
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<http://sws.geonames/...> <http://sws.geonames/...> [ €owl:sameAs— <http://dd.eionet.europa.eu/.../AT13>
—_ [w] ]
T [a] ﬁ [o] wd:P605 [w]
gn:parentCountry gn:parentFeature |
— | [w] Wikidata
"Vienna" @ gn:name-| <http://sws.geonames.org/2775259/> gn:postalCodep» "1010" "AT13" i [g] GeoNames |
[a] < [w,m] i [o] OSM :
[m]/ IS | [m] mapping-based |
gn:parentFeature owl:sameAs i [m] pping |

[W ) I'F:I\\\\\\‘\ ________________________________
<http://www.openstreetmap.org/way/5083429> ——

<http://www.openstreetmap.org/relation/1990592>

I
gn:name [0]

‘ <http://dbpedia.org/resource/Innere Stadt>

"Kirntner StraBe" <http://www.wikidata.org/entity/Q267329>

= Spatial and temporal base knowledge graph
= Annotated data points in metadata and CSV cells
= CSV metadata using CSVW vocabulary

= e.g., delimiter, encoding, header, ...
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RDF Export 2/2:
CSV on the Web Metadata [4]
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[4
]

Note: no real cell level
annotaitons, we needed to
add those!

E.g.:
= csvwx:cell

= csvwx:hasTime
= csvw:refersToEntity

Details: cf.:
http://data.wu.ac.at/ns/csvwx

219476

<http//....transport.csv>

"text/csv"

dcat:byteSize csvw

turl dcat:mediaType

v

" 1CSV

csvw:delimiter

csvw:dialect

csvw:tableSchema

"utf-8" |

:encoding
/

_:dialect

_:schema

csvw: headerRowCount

N\
csvw:skipBlankRows

/ csvw:header
| 4

I

\ csvw $olumn

1 true

1 _:column

L —

CSVW:nhame cxvw:datatype

"HALTESTELLEN_ID"

xsd:anyAtomicType

R. Pollock et al., Metadata Vocabulary for Tabular Data, W3C CSV on the Web (2015)
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SPARQL Endpoint (1) “U
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= Find datasets within time-range and referring to geospatial entity:

SELECT ?d ?url WHERE {
# select the dates of the past two election in Austria
wd:Q1386143 timex:hasStartTime ?t1 .
wd:Q19311231 timex:hasStartTime ?t2 .

# select the min and max date values of a dataset
?d dcat:distribution [

dcat:accessURL ?url ;

timex:hasStartTime ?start ;

timex:hasEndTime ?end

]

# select only datasets about Vienna

?d csvwx:refersToEntity <http://sws.geonames.org/2761369/> .

FILTER((?start >= ?tl) && (?end <= ?t2))
} 38




SPARQL Endpoint (2) “U
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SELECT ?d ?url ?rownum WHERE {
# get the "Anschluss movement”

= Text search for a time ?p rdfs:label ?L.

) . FILTER (CONTAINS(?L, "Anschluss movement") ) .
perIOd and Its temporal ?p timex:hasStartTime ?start ; timex:hasEndTime ?end ; dcterms:spatial ?sp .
and Spatial coverage # find the GeoNames entities

?spatial owl:sameAs ?sp .

?d dcat:distribution [ dcat:accessURL ?url ] .

[] csvw:url ?url ; csvw:tableSchema ?s .

# find a cell where date falls in the range of the found period

?s csvw:column ?coll .

. . ?coll csvwx:cell [
= Query for cells within CsvW: rownum ?rownum
time period and csvwx:hasTime ?cTime
referring to geo-entity :

FILTER((?cTime >= ?start) && (?cTime <= ?end))
# find another cell in the same row where the geo-entity has the
# spatial coverage area of the found period as the parent country

?s csvw:column ?col2 .

?col2 csvwx:cell [
CsSVW:rownum ?rownum ;

csvwx:refersToEntity [ gn:parentCountry ?spatial ]




GeoSPARQL Queries “U
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= Standard for representation and querying of geospatial linked data
= (Almost) no complete implementations of GeoSPARQL

SELECT ?d 7url ?rownum WHERE {
# get the geometry of the Viennese district "Leopoldstadt"

<http://sws.geonames.org/2772614/> geosparql:hasGeometry 7polygon .

?d dcat:distribution [ dcat:accessURL 7url ]

[ csvw:url 7url ; csvw:tableSchema ?s ].

# select the geometries of any annotated cells
?s csvw:column 7col .

?col csvwx:cell [ csvw:rownum ?rownum ; csvwx:refersToEntity [ geosparql:hasGeometry 7g ]

# filter all annotated data points within the polygon of Leopoldstadt

FILTER(geof:sfWithin(?g, ?polygon))
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Search Interface

Faceted query interface:
= Timespan

= Time pattern

= Geo-entities

= Full-text queries

Back end:

= MongoDB for efficient key
look-ups

= ElasticSearch for indexing
and full-text queries

= Virtuoso as a triple store

¥ Temporal filters

Filter results by timespan: Off (@ Title &description CSV columns Fil
Y iiter

1/2010 1/2020 pattern

4 4 )
Apply Filter

Linz Q

LinzStadt > Linz
L EWEIENWA o Full-text results

Republic of Austria Oberosterreich

Hotspot - Standorte - Hotspot Standorte Stadt Linz
POI's (Points of Interest) fiir Hotspot (freies, kostenloses WiFi) in der Stadt http://data.gv.at
Linz. Die Koordinaten sind im im EPSG-Codes WGS84 verfligbar.
Start Ende
Nummer Latitude Longitude Name Kurztext im im Stadt Postleitzahl
Jahr Jahr
Hotspot  Hierist
4007 48,304793  14,299414 Linz- nureiner 2013 O Linz 4020
Rotes... V...
»
Finanzgebarung der Gemeinden in Oberésterreich - O6. Gemeinde- Land Oberdsterreich
Finanzgebarung 2015 & http://data.gv.at
Finanzdaten der 444 oberosterreichischen Gemeinden

Ordentliche Ordentliche AuRero

Jahr NUTS2 Gemeindenummer Gemeindename Einnahme... Ausgaben Einnahn

2015 AT31 40101 Linz 628704196,3 718773006,9 131859



Conclusions & Outlook
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= Open (Structured) Data is a rich source of Knowledge worthwhile to tap into
= Most of it is not (yet) Linked Data.

What we did:

= Hierarchical knowledge graph of spatial and temporal entities

= Algorithms to annotate CSV tables and their metadata descriptions
- KGs improve search (with some extra work)

What's next:

= Enable GeoSPARQL (or an alternative geospatial-query language)
= Parsing coordinates in datasets

= Extending the base KG/Linking more entities:

= Publishing organisations, governance, elections, etc.
= Parse other file fomats, e.g., XML, PDF, ...

= Use our enrichments to link Open data with other data: tweets or web pages (e.g., newspaper articles)
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Other Ongoing Projects (data.wu.ac.at)

WU Open Data Portal
NU lectures, rooms and organizations
datawu.ac.at is an Open Data portal where you can

find data about lectures, rooms and organizations at
WuU.

DBpedia Wayback Machine

Extra i io

The DBpedia Wayback Machine aims at providing the
wayback functionality for DBpedia based on the
revisions of their Wikipedia article.

Projects

Open Duta Perta Wateh W/

onitoring & exposing

Open Data Portal Watch

net

Open Data Portal Watch assesses the evolution of the
(meta) data quality of about 260 Open Data portals
over since September 2014.

- jupyter

0gs n Vieana Tl

Jupyter Notebook Server
Programming & Documentatio

Notebook documents are documents which contain
both computer code (e.g. python) and human-readable
rich text elements.

Only available within local WU Vienna network

CSVEngine w]

€5V Search

Husiitie Services

VO o Prosier
SV MetaDta ter o

CSVEngine

The CSV Engine is a collection of tools and services for
processing and enriching CSV files.

facebook

Open Data AT Assistant

The assistant will help you to explore the content of
the austrian open data portals: data.gv.at and
opendataportal.at.
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What else are we WOI‘kiIlg on? W/gx:::‘;:.:;?
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= Open Data Portalwatch

= 1) Monitoring Metadata quality
= 2) Mapping to standard vocabularies
= 3) Enriching Metadata to improve search (talked about that already)
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1) Monitoring and QA over evolving data W

VVVVVVVVVVVV

portals N

3/2015
[1]:
- 90

8/2015
[2]:

6/2016 [3]:
- 260 portals

- CKAN, Socrata,
OpenDataSoft
- 18 metrics

- 6 quality
metrics

_QA

total CKAN Socrata ODSoft DCAT

portals
- Only
CKAN

portals 261 149 99 11 2
datasets 854,013 767,364 81,268 3,340 2,041
URLs 2,057,924 | 1,964,971 104,298 12,398 6,092

[1] Towards assessing the quality evolution of open data portals. In ODQ2015: Open Data Quality
Workshop, Munich, Germany

[2] Quality assessment & evolution of open data portals. In: International Conference on Open and Big
Data, Rome, Italy (2015)

[3] Automated quality assessment of metadata across open data portals. ACM Journal of Data and
Information Quality (2016)




Demo:
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http://data.wu.ac.at/portalwatch/portal/data gov/1818

Datasets

€

Dynamicity

Portal Evolution

Portal Size

8.000e+5 -4
6.0000+5 4

4.0000+5 -4

Count

2.000045

0.0008+0 -4

Week: May 7 - May 13,2018

-9 Datasets
-8~ Resources

LN e B I S e S S B B S B B e

Existence Metrics

o o
> ®
" "

Average quality
°
.

Snapshot

90

-@- Date [exda)]

-@- Rights [exri]

-@- Preservation [expr]

-@- Access [exac)

-@- Discovery [exd])
Temporal [exte]

-@- Spatial [exsp]

-@- Contact [exco)
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2) Mapping to Standard vocabularies
& Linked Data

= Mapping & Heuristic Enrichment
= DCAT
= PROV
= CSVW
= Schema.org

= Enable uniform access: N\
->SPARQL endpoint
- Linked Data & Memento Protocol

12/2016
3/2017

—_—

JlPortal watch ]
DCAT CSVW DQV PROV

> A Ty

[1] http://data.wu.ac.at/portalwatch/spargl
[2] http://data.wu.ac.at/odso/
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http://data.wu.ac.at/portalwatch/sparql
http://data.wu.ac.at/odso/

Thank you!

@

WU Open Data Portal

WU lectures, rooms and organizations
datawu.ac.atis an Open Data portal where you can
find data about lectures, rooms and organizations at
Wu.

B 121datasets

DBpedia Wayback Machine

Extract past DBpedia versions

The DBpedia Wayback Machine aims at providing the
wayback functionality for DBpedia based on the
revisions of their Wikipedia article.

Projects

Open Data Portal Watch
Monitoring & exposing portals' metadata

Open Data Portal Watch assesses the evolution of the
(meta) data quality of about 260 Open Data portals
over since September 2014.

Jupyter Notebook Server
Programming & Documentatio

Notebook documents are documents which contain
both computer code (e.g. python) and human-readable
rich text elements.

Only available within local WU Vienna network
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sV Search,

CSV Engine

Search &enrich CSVs

The CSV Engine is a collection of tools and services for
processing and enriching CSV files.

facebook

Open Data AT Assistant

Search chatbot for Austrian datasets

The assistant will help you to explore the content of
the austrian open data portals: data.gv.at and
opendataportal.at.

f

PRIVACY &
SUSTAINABLE
COMPUTING LAB

COMPLEXITY
SCIENCE

HUB
VIENNA
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Backup Slides
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Spatio-temporal labelling — WU
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Evaluation:

Total numbers of spatial and temporal annotations of metadata
descriptions and columns:

Spatial Temporal
Columns Metadata | Columns Metadata

3518 11231 | 2822 9112

10 random CSV datasets per portal (11 portals), 10 random rows per dataset:
» In total inspected 101 datasets 1010 rows

= 87 Correctly assigned labels at the dataset level

= 37 CSV datasets that contain potentially missing annotations (e.g. text that would need
to be parsed first, or malformed CSVs, etc.)

= 9 Incorrect links to GeoNames

= 9 Incorrect links to OSM
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