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Semantic Web, Linked Data,
Open Data, Knowledge Graphs
.. travel report from a personal
s N journey -

Disclaimer: just like any trip report, this talk might be opinionated and influenced by personal experiences



Trip map... (incl. some “data

*  From Semantic Web to Linked Data

* From Linked Data to Open Data
* From Linked Data to Knowledge Graphs

* From Knowledge Graphs to Semantic Web

‘ ( Llnked) Open Data
.:‘ { VB N s e

- -
.-'1_31 & rlluln Venez o

: Llnked Data
o

N
R )




From Semantic Web to Linked Data
* (early 2000s)

Expressing Meaning
Knowledge Representation
Ontologies

Agents 5
Evolution of Knowledge



https://1n.pm/A5psO

From Semantic Web to Linked Data

* (early 2000s) Trust
rules Proof
data l Logic Digital
Agents i | Sionature
Ontologies (OWL) d"“’ ] Ontology vocabulary Signa
Knowledge Representation (RDFS) —__selfdescriptive

®
W3C Semantic Web Activity https://www.w3.0rg/2001/12/semweb-fin/w3csw

Expressing Meaning (URLs and RDF) document " RDF + rdfschema



https://www.w3.org/2001/12/semweb-fin/w3csw

From Semantic Web to Linked Data
(2000s - ca. 2009)

User Interface & Applications User Interface & Applications

Trust Trust

Proof

Unifying Logic Unifying Logic

c
g
g g 2
g § 5
[ RDF Model & Syntax '
‘ XML Query ' XML Schema h Data interchange:
— RDF XML
[ XML h Namespaces
[ URI I Unicode | URIRI I URIRI
20047 2007° 2009°

aht:p: www.w3.0org/2004/Talks/0319-RDF-WGs /sw_stack.png
bht:p: www.w3.0rg/2007/Talks/0130-sb-W3CTechSenmiWeb/layerCake-4 .png
Cht:p: www.w3c.it/talks/2009/athena/images/layerCake.png

ﬂ@
o Semantic Web Activity

v

Olivier Boissier, Marco Colombetti, Michael Luck, John-Jules Meyer, and Axel Polleres. Norms,
organizations, and semantics. The Knowledge Engineering Review, 28(1):107--116, March 2013.



From Semantic Web to Linked Data W ilers
° (20005 - ca. 2009) Psycho is a thriller

all thrillers are movies

* Main (distracting?) question: what is t nowledge representation

and logic to express “Knowledgs

All horror movies
except comedies

* Description Logics? are thrillers

* Rules? (Datalog, Deductive Databases)

* Nonmonotonic Logic Programming/Default Reasoning .

. Open World A _ cl e Is Nightmare
pen World Assumption vs. Closed Worlc . on Elm Street \

* “Local Closed—World assumption”/”Contextually scoped negation” a comedy? . »

* Unique Names Assumption vs. Non-unique name £

www.imdb.com/title/tt0175142/

All horror movies listed on my Website except
comedies listed on IMDB are thrillers

VSs.
en.wikipedia.org/wiki/Scary_Movie




From Semantic Web to Linked Data

My Web site is

about Thrillers,
all thrillers are

D¢
® (20005 - Ca. 2009) *log. Tigh 1 movies
8ray
Semantic Web Architecture: on ofD@scnpt.
Stack or Two Towers? ‘on p,

P:’lr"" ¢,
s Meng, oA,
Un 0 O Roe.. ..
Via IS ::-r_\-u ) i Z’"”’"du‘(.o,;‘""
lan Horrocks®, Bijan Parsia®, Peter Patel-Schneider”, and James Hendler” h. Stlarjy 4, oM Ta s." Si
AN + 0 5 R“’ apje
' School of Computer Science "alnm’
it

University of Manchester, UK

Work on Unified
Logics?

wwWww.Ccs.man.ac.uk/~horrocks
* Maryland Information and Network Dynamics Laboratory
University of Maryland

< =

DAsSes

Keep DL and Rules .
ramming/Default Reaso

separate?

/s. Closed™World ASSU

n vs. Non-unigue names

Abstract. We discuss language architecture for Semantic Web, and in par-
ucular different proposals for extending this architecture with a rules compo-
nent. We argue that an architecture that maximises compatibility with existing
languages, in particular RDF and OWL, will benefit the development of the Se-
mantic Web. and still allow for forms of closed world assumption and negation

Good news! Boost in KR research:
We know very well which ontological reasoning

approaches are decidable and how they scale
- OWL2, OBDA

mption”/”Contextually sco

horror movies

. “
cga“o .
aN pt comedies
_— e thrillers
poas . “_‘_\.““\
G plway:

Contextualized
Reasoning?




From Semantic Web to Linked Data

* (2000s - ca. 2009)

rules

Trust

ﬂ@
W3v Semantic Web Activity

Trust

S—

User Interface & Applications

User Interface & Applications

Trust

Proof

Unifying Logic

Trust

® 5 Unifying Logic
=} - —
Ontology ‘gf g ° Ontology: -
= 2 S Query: OWL Rule: g
RDF Schema @ W 3 S
o SPARQL RDFS RIF o
RDF Model & Syntax | » |
| XML Query i XML Schema l Data interchange:
— —— RDF XML
h Namespaces I
) Unicode | URIIRI ( URIARI
20047 2009°

www.w3.org/2004

‘A'A."A‘.‘a\'l.f\l(] 2007

What about the data???

How much ontological Reasoning and

Expressivity does the Web actually
need?

10




From Semantic Web to Linked Data

* (ca. 2006/7 — ca. 2013)

* Main question: How can | publish “Knowledge on the Web” in order to
enable answering structured queries?

What about the data???

11



From Semantic Web to Linked Data

* (ca. 2006/7 — ca. 2013)

* Main question: How can | publish “Knowledge on the Web” ...

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 URlIs.

https://www.w3.org/Designlssues/LinkedData.html (originally published 2006-07-27)

“A Little Semantics Goes a Long Way” (Jim Hendler)

https://www.cs.rpi.edu/~hendler/LittleSemanticsWeb.html o] A



https://www.w3.org/DesignIssues/LinkedData.html
https://www.cs.rpi.edu/~hendler/LittleSemanticsWeb.html

From Semantic Web to Linked (Open) Data

* (ca. 2006/7 — now)

* Main question: How can | publish “Knowledge on the Web” ...

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/community/webize/2014/01/17/what-is-5-star-linked-data/

NKED GPEN! %19
@

On the web w
Machine-readab®

N ietary fo® *k
RDF standards

Linked RDF *okk

RY()UR DATA 5 * *kkk

1. 2.8.9.8 ¢

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 contéxt


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

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

From Semantic Web to Linked (Open)

* (ca. 2006/7 — now)

* Main question: How can | publish “Knowledge on theWeb”

1163
1139
1146
570
295
203
95
93

45

32
28
28
25
12

* Linked Open Data... growth since ~10 years
* Alot of active developments to publish and link RDF Data

Data

Il

Growth of Linked Datain "numbers of Datasets":

http://lod-cloud.net/

Axel Polleres, Maulik R. Kamdar, Javier D. Fernandez, Tania Tudorache, and Mark A. Musen. A more decentralized vision for
linked data. In Decentralizing the Semantic Web (Workshop of ISWC2018).



http://lod-cloud.net/
http://epub.wu.ac.at/6371/

From Semantic Web to Linked (Open) Data

* (ca. 2006/7 — now)

* Main question: How can | publish “Knowledge on the Web” ...
| in order to enable answering structured queries? > | SPARQL

Which cities in the UK have more than 1M people?

http://yasgui.org/short/UVOyhX8ft

*M O6mowsewng B fomam - (27 et trwne ¢

About: London

An Entty of Type  poousated prace. Yom Namec Oraph | 'ip. Utpedca o, withen Data Spece Cecia org

PREFIX : <http://dbpedia.org/resource/>
PREFIX dbo: <http://dbpedia.org/ontology/>
PREFIX yago:
<http://dbpedia.org/class/yago/>

London /iandery is the capital and most populous city of England and the
United Kingdom, Standing on the River Thames in the south east of the isiand
of

fo http://dbpedia.org/resource/London

O e PR SR p—
boundaries. Since at least the 19th century, *London" has also referred o the
matropois around this core, historically spiit between Middiesax, Essex, Surrey,
pnt, and Hertfordshire, which today largely makes up Greater London
governad by the Mayor of London and the London Assembly.

SELECT DISTINCT ?city ?pop WHERE {
?city a yago:Cityl08524735
?city dbo:country :United Kingdom.
?city dbo:populationTotal ?pop

Automatic exctractors

Property

Pocsstec ™

\AstecE ace pwa oty . 18720
* 8180

® LoNGon /oY |8 The Capital 8nd most popuious city of England and e L

Vol

Starcing on the Miver Thames = the sou™ sast of the sand of Grast Beitar]

FILTER

( ?2pop > 1000000 )



http://dbpedia.org/resource/London
http://yasgui.org/short/UVOyhX8ft

From Semantic Web to Linked (Open) Data

* (ca. 2006/7 — now)

* Linked Open Data... growth since ~10 years
* A lot of active developments to publish and link RDF Data

How much ontological Reasoning and
Expressivity does the Web actually
need?




Main insight: OWL is (too?) hard

C O wwww3org

2.2 Interpretations

Given a datatype map D and a vocabulary V over D, an interpretation 1= ( 4;, Ap, - €, - 9P .0P .1 .DT LT .FA)for Dand Vis a 9-tuple with the following structure

¢ A is a nonempty set called the object domain.
« Apis anonempty set disjoint with A, called the data domain such that (DT)°T < Ap for each datatype DT € Vpr.
o -Cisthe class interpretation function that assigns to each class C & V¢ a subset (o A, such that
o (owl Thing)C = A and
(owl-Nothing)© = @
o - OPis the object property interpretation function that assigns to each object property OP & Vgp a subset (OP)°F < A, x A, such that
o (owltopObjectProperty)°F = A, x A, and

o (owl bottomObjectProperty)°® = @
o -DPis the data property interpretation function that assigns to each data property DP & Vpp a subset (DP)PP = A, x Ap such that

o (owl. ropDaraPrupeﬂy)Dp =4A;xApand
(owl bottomDataProperty)°* = @
 -!isthe individual interpretation function that assigns to each individual a < V, an element (a)’ € 4,

o - OTis the datatype interpretation function that assigns to each datatype DT < Vpra subset (DT)°7 < Ap such that

o -DTis the same as in D for each datatype DT € Npy, and

o (rdfs Literal)PT = Ap
o -LTis the literal interpretation function that is defined as (I)*7 = (LV , DT )-S for each It € V, 7, where LV is the lexical form of It and DT is the datatype of It
o .FAisthe facet interpretation function that is defined as ( F, It f‘ =(F (Ii)” )FS foreach(F, It) € Vgu

=
-
=1
-]
°
c
o
E
&
<]
o
o
4
O
s

The following sections define the extensions of - ©°, - ©7 and - € to object property expressions, data ranges, and class expressions
2.2.1 Object Property Expressions

The object property interpretation function - OP s extended to object property expressions as shown in Table 1

(...to learn, to understand, to implement, to compute, to teach, to
represent in RDF, to publish, to parse, to use appropriately...)

..for Linked Data publishers

Linked Data publishers only use a little bit of OWL ... AT T el Mesehing et
Expressivity does the Web actually

... they still manage to make mistakes © need?
Cautious OWL inference can still help to enrich Linked Data!




Linked Data publishers only use a little bit of OWL ...

x-axis is log-scale!

RDF | RDFS | OWL | OWL 2

RDFS features amongst the most prominently used

* OWL 2 features hardy used

1.0E+00
1.0E-01
1.0E-02
1.0E-03
1.0E-05

* The common Iy used features are a fra g ment of OWL RL (i.e., fragment of OWL where Description Logics and Datalog Rules coincide)

1.0E-06 |

1.0E-07

1.0E-08 -

yuMutolsigAuadosd: mo
Aaysey:imo

need?

jouoluniuiofsip:imo
adAjejequo:mo
WOJJIUSIBPIP:IMO
JOwawajdwod:jmo
A112d0IgaAIXB|)aY: MO
Ajjeuipie)payl|enDXeW: |mo
sasse|Djuiofsiq||v:imo

How much ontological Reasoning and
Expressivity does the Web actually

Ayjeuipiedpaylenbimo
Ayijeuipiedpaylenpui:imo
adueyelequo:mo
woxyureydyApadoad:mo
juataglgiv:imo
[ENPIAIPUIPIWEN: MO
JOUOLIBSIANULIMO
aN|eASeY: MO

JO3uo: Mo
Alljeulpied;imo
AljjeulpieDxew:mo
Alljeulpie)uiw:|mo
WOL4SIN|BA||E:|MO

« P
WOJ{SIN|BASLLOS: MO
AL1adoIdaAnISURL ] MO
AuadosgdnswwAs: imo
jouoiun:imo
pado.id|euonoun 4asIaAu|: Mo
ssejuajeanbaiimo
SYAWES: MO
Yyymutolsip:imo
JORSI3AUL MO
Auadoidiuajeanbaimo
Auadoagieuonoung:imo
Auadoiquonejouuy:mo
AuadougadAieieq:imo
adAyejeq:sips
Auadoldpalqo:mo
SSe|D:Mo
J0Auadoigqns:sjpa
Sse:sipl

JOsseqnsisipa
UIeWop:syps

a8ueu:sjps

Apadougd:ypl



Linked Data publishers still manage to make mistakes ©

- Y
£.8- DBpedia

About: European Union

An Entity of Type : populated place, from Named Graph : hip//dbpedia.org, within Data Space : dbpedia.org

The European Union (EU) is a politico-economic union of 28 member states that
are located primarily in Europe. It has an area of 4,324,782 km2 (1,669,808 sq

il and an asticaatad nae 4 ran e T -

rdf:type ® owli:Thing
® dbo:Place
® dbo:Location
® wikidata:Q6256

® dbo:PopulatedPlace

® geo:SpatialThing

DBpedia Ontology:

dbo:Agent owl:disjointWith dbo:Place.

dbo:Country rdfs:subClassOf dbo:Place.
dbo:Organisation rdfs:subClassOf dbo:Agent.

Other issue: Ontology “Hijacking”

i.e., publishers re-defining others’ ontologies by adding

Q:onsistent axioms /

How much ontological Reasoning and

Expressivity does the Web actually
need?




Cautious OWL inference can still help to enrich Linked Data and can be implemented in a scalable manner!

... based on these insights we have implemented a Semantic Web Search Engine (SWSE)

robust & scalable inference for Linked data:

4 )

Good News!

Cautious OWL inference =
deductive, rule-based inference, plus some
qine heuristics on provenance and confidence to
avoid non-sensual inferences and resolve
iInconsistencies

W) enables Semantic Search and Querying

RAM over (5-star) Linked Open Data!

Crafffing

Incl@xing

Parallel,

rule-

based How much ontological Reasoning and
OWL Expressivity does the Web actually
Reasoning need?




From Linked Data to Open Data

* (ca. 2009 - now) Open Data has become a global trend!

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

T e == DATAGOV DATA TOPICS- IMPACT APPLICATIONS DEVELOPERS CONTACT

UNKED — w

ana éhhieweb The home of the U.S. Government’s open
ne-readab® data
AR, Non—proprietﬂ
Here you will find data, tools, and resources to conduct research, develop
e HDF SM 7 — web and mobile applications, design data visualizations, and more.
lS 0‘* Linked RDF *' ' dcs
R DATA 5 Anwendungen Organisationen GET STARTED
’4,1 SEARCH OVER 170,714 DATASETS
o m & <« @ w 2 v
- b B R e S~ ~op e~ _— Federal Student Loan Program Data Q



From Linked Data to Open Data

* However... * Available data is only partially structured and not linked [1]:

CSV (3-star) 27%

Excel (2-star)

PDF (1-star)

Unknown format (1-star)

mCSV m Excel m PDF B Missing Format 82 data portals 160K datasets [1]

M DATA,
" On the web § “
" Machine-readab® W

Nonpropnetaﬂ

Non-Linked Open Data is growing still much

faster than Linked Open Data on the Web

'OUR pATA 5 %!

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

22



Open Data as a Global Trend:

Actually, over 235k!

Country URL

United States data.gov 170.7k
Canada open.canada.ca 79.1k
UK data.gov.uk 45.1k
France www.data.gouv.fr 34.2k
Russia opengovdata.ru 30.3k
Japan data.go.jp 21k
Italy dati.gov.it 20.4k
Germany govdata.de 19.8k

Data portals of the G8 countries

23



Open Data portals...

== DATA.GOV

DATA CATALOG

o Uag,

S,

oy pee

B Tepcs

Pursenilia

US Departmert of Housing and
Urtian Develcpment

11 Comtact

Shuts Murktang

P Shore on Seckl Stes.
B Cougles

O Twirear

B Faccbooh

#% /R / Department of Housing and ./ US Department of Housing m

AWENT o
- Yo
<
* «d
3
&

ATA  TOPICS - IMPACT  APPLICATIONS DEVELOPERS CONTA(

.- T

Housing Affordability Data System (HADS)

1) Metacats Updatest: March . 2017

The HomINg AMDCabiRty Data Sysoem (HADS] 5.3 st of hies Cerived from the 1983 and tater national
Amencan Housing Survey (AMS) and the 2002 and Ister Metra ANS. TS satem Catepories housing urets By
IMorCItity 3rd ROwsehokds tty IPCOMe. with respect 16 the Adjutted Medion Incame. ¥ ar Marvet Rent

FMR), 3nd poverty income. 2 3o inchaties NoUsNg (oSt Burden for owner ang renter housenolds. These Sles
ave Deer the Bass for the weorst Case needs tatfes since 2001 The Gats Met are avastatie for public se
SO ey were Certved rom AMS public use Mes 3ng the published Income ity ane EMARL These atase
Eive the commity of hewsing 3rafyits the COPEMLRity 1o ute 3 Congistent set of MONZARIY Medsures.

Access & Use Information

QO Pubiic This dataset i ntended for DUt 0ot e use
B Uenser N llcerse formation was srovided. If this work was Dhepared by 3n oMicer of empioyee of e
Urstac States govervyment 35 5art of 1hat Dersan s o*hcial Outies & i corsioered 3 US. Government Wors,

Suchbegriff (z8 Finanzen,

+ Datenkatalog @ Apps & News

Startseite Daten

Katalog
Bildungsausgaben
Bildungsausgaben;Regionale Gliederung Bildungseinrichtung
Daten und Ressourcen

OGD_bildungsausgaben BILDAUS 1
©OGD_bildungsausgaben BILDAUS 1 HEADER
OGD_bildungsausgaben BILDAUS 1 C-A10-0

OGD_bildungsausgaben BILDAUS 1 C-BARG-0

PRRRD

OGD_bildungsausgaben BILDAUS 1 C-8AS£1-0

il

Titel und Beschreidung Englisch @ £ducational expenditure

verbitentiichende Stelle @ Statstik Austna

Daterwerantwortliche Stelle @ Statsuk Austria, Guglgasse 13, 1110 When, Austria

Kontakiseste des datenverantwortlichen
WD/ fwww statistik at/weh_dercontakt
stelis g

Datenverantwortliche Stelle

EM Spen datag statisik v at
a0

takt @
Uzerz @ Creative Commons Atinbution License

Lzenz Zamt @ Catenguelie: CC-EY-I0: Statisth Ausina - déta statsti gy at

Link Tur Lizenz @ AUPL/CreatvecOmmons org/icenses by /3 O

(it /Atatcude aAtatCle
opendatatase *d-debiloungsausgaben MIp./ fwvww statastic at

web_desstatstikern nd ket

Weiterfunrende Metadaten - Link @
Tormales_bildurgswesen/t

Crauagaten/indas mmihitp
n

www statatikat'web_on/statsticy educ

tormal_education/educations! expenditure/index

C-AL0-DZe4.C-BARG-ORegionale Glisderng
SABEL-0 BiloungseinnchtungF-INSG Ausgaden (gesami)F

IR PAPersonatactwand TR SASachasiwands

Downloads & Resources
e et o ==
[
Quumen TN
Dates
Metacats Cresane Dace Mareh 7, 2014
Mrcicsts Lpcated Dy March 8, 017
Metadata Source
5% Duta o Metaaes
" Ocmegess Metazsts
HUD 150N
Fergacility oa ~r Sousenoits roang reore et “ereer
Additional Metadata
Rrsourte Tyoe Dataset
Metacaes Creasee Dace Maron 7, 2014
Metadats Updated Date Maren 8.2017
Pativer US Depart=ent of Howerg ¢ Urtar Develcomert
Urvgue identiter HUTO3 1
Martarer hula Marstane
Wartaarer Emad Wk MaTanc a0 g

Veroffentlichende Organisation
bzw. Person &

Statstik Austria
Kategorie &
@} Bildung und Forschung

i3 Finanzen und
Rechnungswesen

W Wirtschaft und Tourismus

Schlagworte &

Biddungsausgaben

API - Link zu allen Metacaten
/api/Vaction
/package_show?id«71137735-2c65-3261
b57d-be541ada’é5e

RSS-Feeds fur Stabstk Austria
gednderte Datensatze

Letzte Anderung

30.04.2018 00:59:46

Uniform metadata, accessible
via common APIs (JSON), mostly
not yet RDF.

‘H

eurostat

Your key to European statistics

Legal notice | Y RSS | Cooldes | Links | (¢

News Publications

About Eurostat

European Commiasion > Eurostat > Citles (Urban Audit) > Data > Database

Overview Regions & cities’

DATABASE

Bach i =@ City statistics (urb) B
«Det B89 Cities and greater cities (urb_cge)
. & e Population on 1 January by age groups and sex - cities and greater cities (urb_cpi
DATABASE & » Population structure - cities and greater cities (urb_cpopstr) O
Publications 18 e p
| o Fe Tree-portiet-prod x
Spatial Units & e U
Perception surveys & o Edu c o D @ nups//ec europa.eu/eurost
Statistics illustrated R & a, w
: : ::mmonlmbymmuum-mmmc
Population on 1 January by age g
urb_cpopt
23/05/2019
15/04/2019
366311
News Data
Newn releases Database
Release calendar Statistics by theme
What's new? Satistics Ate 7




What do you find on Open Data Portals?

# data.gv.at - Open Data Osterreich

Suche

n Leopoldstadt

All you can Dato

Suchergebnisse - Daten & Dokumente Suchergebnisse - Anwendungen N Ot too m u Ch !

M Stadtplan von Anton Behsel 1825  29.03.2019
e Wien : Keine Anwendungen gefunden!

HOME DATEN THEMEN ANWENDUNGEN Stadt Wien/Magistratsabteilung 8 - Wiener Stadt- und Landesarchiv Alle
Anwendungen
Georeferenzierter Stadtplan der Inneren Stadt und der
OpenDataPortal Osterreich » Datenkatalog > Datensétze Vorstéadte (Bezirke innerhalb des Giirtels sowie...
' : | WMs | GIF | JPEG | PNG | S 7
¥ Organisationen il Alle Datensatze Alle Dokumente et bt
ist unter anderen|

den einzelnen Da Keine News gefunden!
Alle News

Y Gruppen Leopoldstad

Keine Datensatze gefunden bei Sortierennach  Relevanz y
der Suche "Leopoldstadt”

-

25



From (Linked) Open Data to Knowledge Graphs

* Needs some more explanation...

* Interlude: What is (new) a(bout) Knowledge Graph(s)?



What is a Knowledge

* ...good question!

Official Blog

Insights from Googlers into our products,
technology, and the Google culture

Google

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 your
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.

Tai Mahal - Yidipecia. e fire eocycicpedia
- ahgeda oywe Ve Wehet

The Tag Maat 4 4 atite martle mamceun ocamd m Agra inda It wes bl by
Vg o Lrup Jwar n memry o by e whe Uamtar Uaba
+ Orige and anchiechn of the - Mamtng Mahet - Siwh Johan - Agre

Tai Mahat (musecan) - Wikipedia. e free encyciopedia
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Taj Mahal
Musician
Henry Saint Clair Fredericks, who uses the stage name
Taj Mahal, is an American G y Award g blues

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

The announcement says more what a KG does

than what it is...

“[graph of] interesting things and [understanding their]
relationships [for search]”




What is a Knowledge Graph? More examples and Definitions:

Other companies with (closed) knowledge graphs: Some Definitions:
° * McCusker, Chastain, Erickson, and McGuinness. What is
Facebook a Knowledge Graph? (unpublished, 2016).
® Bing * “principled” aggregation of Linked Data? p.7

® Yandex’ Object Answer

* Baid * Rospocher, van Erp, Vossen, Fokkens, Aldabe, Rigau,
daiau Soroa’ Ploeger, Bogaard. Building event-centric

knowledge graphs from news. JWS (2016)

® LinkedIn o
* “knowledge-base of facts about entities
®* Amazon typically [Remark: often automatically]
* NASA obtained from structured repositories [such
— as Freebase]”
Some free open knowledge graphs: * Lisa Ehrlinger and Wolfram WéR Towards a
_ Definition of Knowledge Graphs (SEMANTICS2016)
* DBpedia * "A knowledge graph acquires and
e WikiData integrates information into an ontology

and applies a reasoner to derive new
knowledge.”
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https://www.facebook.com/notes/facebook-engineering/under-the-hood-the-entities-graph/10151490531588920/
https://blogs.bing.com/search-quality-insights/2018-02/bing-entity-search-api-now-generally-available
http://ir.baidu.com/mobile.view?c=188488&v=202&d=3&id=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTk0OTQ1NzAmRFNFUT0xJlNFUT00MyZTUURFU0M9U0VDVElPTl9QQUdFJmV4cD0mc3Vic2lkPTU3
https://engineering.linkedin.com/blog/2016/10/building-the-linkedin-knowledge-graph
http://lunadong.com/talks/PG.pdf
https://neo4j.com/blog/nasa-critical-data-knowledge-graph/
http://dbpedia.org/
https://www.wikidata.org/wiki/Wikidata:Main_Page
https://drive.google.com/file/d/0B51wsWSO-cu0c0NNRUFNQXZEbjg/view
https://www.sciencedirect.com/science/article/pii/S1570826815001456
http://ceur-ws.org/Vol-1695/paper4.pdf

What is a Knowledge Graph? More examples and Definitions:

Other companies with (closed) knowledge graphs: Some Definitions:

® Facebook

* Bi glaal - SCHLOSS DAGSTUHL
Bing ﬂ[ﬂl"ﬂ

® Yandex’'C
® Baidu
o Li n ked I n :lglluhl Seminars

g Perspectives
Gl-Dagstuhl Seminars

® Amazon .

. NASA All Events
Some free ¢

* DBpedia
 WikiData
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10 (Re)Defining Knowledge Graphs

Aidan Hogan (IMFD, DCC, University of Chile - Santiago de Chile, CL), Dan Brickley
(Google Research - Mountain View, US), Claudio Gutierrez (IMFD, DCC, University of Chile
- Santiago de Chile, CL), Azel Polleres (Wirtschaftsuniversitait Wien, AT), and Antoine
Zimmermann (Ecole des Mines de Saint-Etienne, FR)

License @ Creative Commons BY 3.0 Unported license
© Aidan Hogan, Dan Brickley, Claudio Gutierrez, Axel Polleres, and Antoine Zimmermann

The phrase “Knowledge Graph” has recently gained a lot of attention in both industry and
academia. But what is a “Knowledge Graph”? Several definitions have been proposed but -
we shall argue — fall short of capturing the full generality of the usage of the term. We argue
for a looser, more permissive definition that may be instantiated in various concrete ways,
setting the stage for the study and practice of “Knowledge Graphs” to become a commons
that unites — rather than divides — previously disparate areas of Computer Science, focused

ess. What is

ta’p.7

>, Rigau,
ric

ntities
cally]
ries [such

Organizers

Plaro Andre Sonat Unversy of Napis, ) We thus propose to define a “Knowledge Graph”, succinctly, as:

Stefan Decker (RWTH Aachen, DE)
Axel Polleres (Wirtschaftsuniversitat Wien, AT)

Valentina Presutti (CNR — Rome, IT)

= “a graph of data with the intent to compose knowledge”.

as nodes, with their relations represented as edges; technically this notion can be instantiated
with a number of concrete graph models, including for example:

directed edge-labelled graphs (aka sets of triples), composed of named binary relations
(labelled edges) between entities (nodes);

property graphs, which extends directed edge-labelled graphs such that both nodes
and edges may be additionally annotated with sets of property-attribute pairs;

named graphs, where rather than supposing one large graph, data are represented as a

collection of (typically directed edge-labelled) graphs, each associated with an identifier.

> hew
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https://blogs.bing.com/search-quality-insights/2018-02/bing-entity-search-api-now-generally-available
http://ir.baidu.com/mobile.view?c=188488&v=202&d=3&id=aHR0cDovL2FwaS50ZW5rd2l6YXJkLmNvbS9maWxpbmcueG1sP2lwYWdlPTk0OTQ1NzAmRFNFUT0xJlNFUT00MyZTUURFU0M9U0VDVElPTl9QQUdFJmV4cD0mc3Vic2lkPTU3
https://engineering.linkedin.com/blog/2016/10/building-the-linkedin-knowledge-graph
http://lunadong.com/talks/PG.pdf
https://neo4j.com/blog/nasa-critical-data-knowledge-graph/
http://dbpedia.org/
https://www.wikidata.org/wiki/Wikidata:Main_Page
https://drive.google.com/file/d/0B51wsWSO-cu0c0NNRUFNQXZEbjg/view
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http://ceur-ws.org/Vol-1695/paper4.pdf
http://polleres.net/publications/bona-etal-DagstuhlReport18371.pdf

What is new/different about Knowledge Graphs?

* Jamie Taylor Google, Inc., Keynote ISWC2017

Knowledge Graph

ﬁestmatlon suggestions ( Reservatvonm

The Power of Knowledge Graph: Interlocking data

)

Flight Status

(= 1 Billion Entities & 4
-

® Actors, Directors, Movies °
® Art Works & Museums °
e C(ities & Countries °

e Islands, Lakes, Lighthouses ®

70 Billion Assertions &

Music Albums & Music Groups
Answer whether (something like)

RDF and/or triple stores are used
Roller Coasters & Skyscrapers under the hood answered

Sports Teams vaguely...

Planets & Spacecraft



https://iswc2017.semanticweb.org/program/keynotes/keynote-taylor/

What is new/different about Knowledge Graphs?

o We have good reasons to assume that they use similar methods under

the hood.... a
‘ \:A

g
y o

Cautious deductive, rule-based inference,
plus heuristics on provenance and
confidence to avoid non-sensual inferences
and resolve inconsistencies works.

What's (probably) new?
statistical methods/learning more central:
—> lots of data enables
- more accurate confidence scores
- rule mining (not restricted to OWL)

Answer whether (something like)
RDF and/or triple stores are used

under the hood answered
vaguely...



https://iswc2017.semanticweb.org/program/keynotes/keynote-taylor/

o We have good reasons to assume that they use similar/ the same

ﬁProtégé
/

creator

methods under the hood...

creator creator

Google

creator creator creator

e

~ Freebase

schema.org

creator

migrat

o
N

1

creator 8 ®. creator\ | 4
/ O N, ”z_
I Y g «—— used — @ Fl '
WIKIDATA MB WATSON




e ... and have extended/improved them!

8| il
L N i
4

GO{'JgIe cities in the UK with than 1M people Q

Q Al [E)Images & News O Shopping [ Videos i More Settings  Tools

About 37.900.000 results (0,55 seconds)

Which cities in the UK have more than 1M people?

According to citymetric.com

L X « SnNTtp://dbpedla.org/resource/ -~
ODTTTTY Al e Gy A P 2w RO
‘REE LA | o: N p://appedla.oxrxqg/ Nt

Birmingh... Manches... Liverpool Sheffield Glasgow

Metropolitan areas

* London - 13,709,000. ?city ?po E

« Birmingham-Wolverhampton — 3,683,000. Jelty @ ¥ago:Cl cyl10 ?»‘3-. 473

* Manchester — 2,556,000. ty dbo:coun | ry , :Unite lon
« Leeds-Bradford — 2,302,000. ?city dbo:populationTotal X

e Liverpool-Birkenhead -2,241,000. L

« Newcastle-Sunderland — 1,599,000. | FILTER ( ?pop > 100000f

» Sheffield — 1,569,000.
* Southampton-Portsmouth — 1,547,000.



http://yasgui.org/short/UVOyhX8ft

Ssummary:
What is new/different about Knowledge Graphs?

e Large-scale (data-focused rather than schema-focused)

e« Monolithic, rather than linked

o Knowledge extraction rather than Knowledge engineering

o Collectively created (automated or curated)

e Purpose-driven: knowledge necessary to power applications

e (Logical) consistency not a must

o Ontological expressivity not central — BUT: Expresssing context is!

For instance:

* Provenance
e Temporal context
* Confidence



https://iswc2017.semanticweb.org/program/keynotes/keynote-taylor/
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From Knowledge Graphs (back) to Linked (Open) Data:

Good news:
There are also open KGs & They use RDF, SPARQL & Linked Data!

Open Knowledge Graphs can be used to link Open Data!
Open Knowledge Graphs can be used for many other Al applications!

Bad news:
Open KGs don’t/only partially cover Knowledge in Open Data!
Decentralised Open KGs are hard to maintain and serve
Managing context makes things harder!

Some free open knowledge graphs:

DBpedia i
WikiData

GeoNames
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https://blogs.bing.com/search-quality-insights/2018-02/bing-entity-search-api-now-generally-available
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https://www.sciencedirect.com/science/article/pii/S1570826815001456

From Knowledge Graphs (back) to Linked Open Data:

* There are also open KGs & They use RDF, SPARQL & Linked Data!

WIKIDATA

* What's this?

?city wdt:P31/wdt:P279* wd:Q515.
?city wdt:P1082 ?population .
?city wdt:P1l7 wd:Q38

FILTER (?population > 1000000) }

instance of (P31)

that class of which this subject is
a particular example and
member. (Subject typically an
individual member with Proper
Name label.) Different from P279
(subclass of).

subclass of (P279)

all instances of these items are
instances of those items; this
itemn is a class (subset) of that
item. Not to be confused with
Property:P31 (instance of).

Wikidata as RDF ... can be queried by SPARQL

* “Simple” surface query:
Which cities in the UK have more than 1M people?

SELECT DISTINCT ?city WHERE {

city (Q515)
large and permanent human
settlement

population (P1082)

number of people inhabiting the
place; number of people of
subject

country (P17)

sovereign state of this item

United Kingdom (Q145)
country in Europe
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https://query.wikidata.org/

From Knowledge Graphs (back) to Linked Open Data:

* Managing context makes things harder! = but is also doable!

population 8,416,53510

point in time

determination method

* However, Wikidata has more complex info:

~ 1 reference
(temporal context, provenance,...) rference UAL
Which cities in the UK have reached 1M in which year?
& 1,011,157+0
... Can | query that with SPARQL? Yes! determination method
|I|I|I|||| Wikidata Query Service & Examples @ Hep ~ £ More tools  ~

2 SELECT ?city (min(?time) as ?year) WHERE ({
2city wdt:P31/wdt:P279* wd:Q515.
?city wdt:P17 wd:Q38 .
2city p:P1082 ?statement .
?statement <http://www.wikidata.org/prop/statement/value/P1082> ?value . method
?statement <http://www.wikidata.org/prop/qualifier/P585> ?time .
?value <http://wikiba.se/ontology#quantityAmount> ?population .
FILTER (?population > 1000000 )
} GROUP BY ?city

BTW, seemingly not yet doable in Go g|€

2012

estimation

http://www.ons.gov.uk/ons/rel
/pop-estimate/population-
estimates-for-england-and-
wales/mid-2012/mid-2012-
population-estimates-for-
england-and-wales.htmi @

1801

census

hitp://www.visionofbritain.org.uk
/data_cube_page.jsp?data_them
e=T_POP&
data_cube=N_TOT_POP&
u_id=10097836&
c_id=10001043&add=Ng

1811

census

hitp://www.visionofbritain.org.uk
/data_cube_page.jsp?data_them
e=T_POP&
data_cube=N_TOT_POP&
u_id=10097836&

Which cities in the UK have reached 1M in which year?

7 edit

+ add reference

# edit

+ add reference

& edit


https://w.wiki/4rs

From Knowledge Graphs (back) to Linked Open Data:

* (Open) Knowledge Graphs can be used to link Open Data!

Recall: What do you find on Open Data Portals?

#® data.gv.at - Open Data Osterreich

Suche

‘W‘ B Leopoldstadt

All you can Data

OSTERREICH
HOME DATEN THEMEN ANWENDUNGEN Suchergebnisse - Daten & Dokumente Suchergebnisse - Anwendungen N Ot too m u Ch !
Stadtplan von Anton Behsel 1825  29.03.2019 —" e
ne Anwenduni nden
OpenDataPortal Osterreich » Datenkatalog > Datenséitze Wien Lt
Stadt Wien/Magistratsabteilung 8 - Wiener Stadt- und Landesarchiv
. : ) Alle Anwendungen
Y Organisationen Die Daten in uns¢ Georeferenzierter Stadtplan der Inneren Stadt und der
ssihbionSonladail Vorstédte (Bezirke innerhalb des Grtels sowie...
den einzelnen Da mmm
Suchergebnisse - News
Alle Datensétze Alle Dokumente
Keine News gefunden!
Alle News

Keine Dater g jen bel Sortierennach TR 39
der Suche "Leopoldstadt"



From Knowledge Graphs (back) to Linked Open Data:

(Open) Knowledge Graphs can be used to link Open Data!

\S) K
O oo
\“\@ © e
N C 00% s A
i

2
\\6\(\% ecos & e

Leopoldstadt

oogle Dataset Search ..

schema.org

16 results found

statsta% Mitarbeiter der Erste Group nach
Landern 2018

de statista.com

statista%  Cost-Income-Ratio der Erste
Group bis 2018

de.statista.com

stalsa% Betriebsertrage und
-aufwendungen der Erste Group
bis 2018

de statista.com

A I

statista%a

Mitarbeiter der Erste Group nach Landern 2018

Explore at de.statista.com

Dataset provided by

Statista

Time period covered
2018

Area covered
Osterreich
Description

Die Statistik zeigt die Anzahl der Mitarbeiter der Erste Group nach Landern im Jahr 2018. Die Erste
Group Bank AG wurde im Jahr 1819 in der Leopoldstadt, einer Vorstadt Wiens, als "Erste
osterreichische Spar-Casse” gegriindet. Heute ist sie eine der groBten Bankengruppen in Zentral- un

A good start, but
not much better either!
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From Knowledge Graphs (back) to Linked Open Data:

(Open) Knowledge Graphs can be used to link Open Data!

oogle Dataset Search ..

schema.org
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ngseinrichtung

£ducational espendity

Statstik Austria
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VardHentlichende Organisation
bzw. Person &

Statistik Austria

Schlagworte &

Bildungsausgaben

eurostat

Your key to European statistics

European Commission » Eurostat » C

Legal notice | £ RSS | Cookdes | L

Publications

About Eurostat
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From Knowledge Graphs (back) to Linked Open Data:

 Open Knowledge Graphs can be used to link Open Data!

Example Open Data Table:

federal state district year sex population
Upper Austria Linz 2013 male 98157
Upper Austria Steyr 2013 male 18763

Upper Austria Wels 2013 male 29730
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From Knowledge Graphs (back) to Linked Open Data:

 Open Knowledge Graphs can be used to link Open Data!

Open Data CSVs look more like this

NUTS2 LAU2_NAME YEAR SEX P_TOTAL
AT31 Linz 2013 1 98157
AT31 Steyr 2013 1 18763
AT31 Wels 2013 1 29730

43

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



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

From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!

What can we do to make Open Data better searchable?

» Particularly temporal and geospatial search requires better support [2]

NUTS2 LAU2_NAME YEAR SEX AGE_TOTAL

1 98157
1 18763
1 29730

44
[2] Emilia Kacprzak, et al.: A Query Log Analysis of Dataset Search. International Conference on Web Engineering (2017)



From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!
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From Knowledge Graphs (back) to Linked Open Data:

Open Knowledge Graphs can be used to link Open Data!

Postal | \Wijkidata,

European Classification of _+ NUTS GeoNames codes
P - GeoNames
first-order administrative division

Territorial Units
L —

\ 4

Wikidata links

Vienna
Wien
Vienne

Oberosterreich
Haute-Autriche

third-order administrative division

Vienna
Wien

v

AT130

3

Mapping OSM entities to

GeoNames regions \ Leopoldstadt
2. Gemeindebezirk

Hietzing

13. Gemeindebezirk

Wikidata links

Austrian

Extracting OSM streets 8 . ?
: ————— Opensteetitap ll || oostng [ 115
: ORF Zentrum 46

and places




From Knowledge Graphs (back) to Linked Open Data:

Open Knowledge Graphs can be used to link Open Data!

Medaa] — eemeeeee
. Tourismus - Anklinfte und Nachtigungen it Oberdsterreich
D a ta S et I—a b e ‘ ‘ I n g Ankinfte und Nachtigungen in den oberdsterreichischen Meldegemeinden ab gem Jahr 2000
Daten und Ressourcen
Metadata descrlptlons “%  Ankiinfte und Nachtigungen in OO seit dem Jahr 2000 m
* Geo-entities in titles, descriptions, organizations | L obersserreich
Y D;m-vo:.mr.v.ulluhvﬁre\llv\ -‘; l‘el:;ﬁ-t:e;i;e;;(h,}\mem g Statistik
¢ ”Orlgln Country Of the dataset (from portal) Lizenz @ ‘I‘ "‘I Cregtive Commons Namefsnennung 3.0 Osterreich
[ ] Temporal tagglng Link zur Lizenz @ l“ \.‘ htgps://creativecommafis.org/licenses/by/3.0/at/deed.de
i‘ ‘ UTS2 => Bundeslghd OberdsterreichGemeindenummer bzw.
\‘ \ Gemeindename £ Erhebungsgemeindelahr => Kalenderjahr
H H H Attributbeschreibung @ \ "v Erhebungsgemginde [t Tourismus-Statistik-Verordnung 2002 §2
CSV Cel/ va/ue dlsamb'guatlon ‘\ “‘ Abs.7: Stadte ind Gemeinden mit mehr als 1.000
< ‘/:v' Gastenachyigungen im Kalenderjahr
* Row context: R DA A
: . . . ~ |NUTS2 Gemeindename Jah Ankuenft Naechti
* Filter candidates by potential parents (if S e T T =
. 1 ' -
available) AT31 1 |Steyr ! 2000 38726 78644
AT31 , Wels 2000 84370 150417
e Column context: AT31 ; Altheim 2000 4989 10744
_ . AT31 %  Aspach 2000 2637 21316
* Least common ancestor of the spatial entities AT31 1\ Auerbach 2000 484 3541
AT31 ,\ Braunau a. Inn 2000 15748 33911
> Diamiguaie )(_Linz )G @) 48




From Knowledge Graphs (back) to Linked Open Data:

 Open Knowledge Graphs can be used to link Open Data!

How well does it work? Indexed Datasets

portal datasets | CSVs indexed
total 15728
govdata.de 1946 10006 564

data.gv.at 2079 18283 2791
offenedaten.de 28372 . 30
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




From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!

¥ Temporal filters

h (]
S( !a rC | | It( ! rfa C( ! ° Filter results by timespan: Off '@ Title & description CSV columns Filter

1/2010 1/2020 Pt

https://data.wu.ac.at/odgraphsearch/ < | : ,

Faceted query interface:

. Linz Q
= Timespan
" Time patte rn Republic of Austria > Oberdsterreich » LinzStadt > Linz
L. SLENEIEN I or  Full-text results
= Geo-entities
. Hotspot - Standorte - Hotspot Standorte Stadt Linz
| = POI's (Points of Interest) fir Hotspot (freies, kostenloses WiFi) in der Stadt http://data.gv.at
F u | I tEXt q u e rl es Linz, Die Koordinaten sind im im EPSG-Codes WGS84 verfligbar.
. Start Ende
- S PA RQL e n d pOI nt Nummer Latitude Longitude Name Kurztext im imh Stadt  Postleitzahl
Jahr Jahr

Back end:

Hotspot  Hierist

4007 48304793 14299414 Linz- nureiner 2013 O Linz 4020
. . Rotes... V...
* MongoDB for efficient key look-ups , ,
. H H Finanzgebarung der Gemeinden in Oberdsterreich - O6. Gemeinde- Land Oberésterreich
= ElasticSearch for indexing and full-text Fi,wgebm,ngzo,s - http://data.gu.at
Finanzdaten der 444 oberosterreichischen Gemeinden

queries . .
Ordentliche Ordentliche AuBero

Jahr NUTS2 Gemeindenummer Gemeindename Eiacabiias Ausgaben Einnahn

= Virtuoso as a triple store
p 2015 AT31 40101 Linz 628704196,3 718773006,9 131859


https://data.wu.ac.at/odgraphsearch/

From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!

Lessons learned

* Geospatial and Temporal scope is the most useful search
feature for Open Data

: " . . Enabling Spatio-Temporal Search in Open Data
* Respective Hierarchical Knowledge Graphs can be built

from existing Linked Data Sources [WS: Information Retrieval

23 Pages -« Posted: 20 Dec 2018 - First Look: Accepted

* Our algorithms annotate CSV tables and their metadata R
d escri ptio ns Vienna University of Economics and Business; Vienna University of Technology

Axel Polleres

Vienna University of Economics and Business; Complexity Science Hub Vienna; Stanford University

Abstract

9 KGS im prove sea rCh (With some extra work) Intuitively, most datasets found on governmental Open Data portals are organized by spatio-temporal

criteria, that is, single datasets provide data for a certain region, valid for a certain time period. Likewise, for
many use cases (such as, for instance, data journalism and fact checking) a pre-dominant need is to scope
down the relevant datasets to a particular period or region. Rich spatio-temporal annotations are therefore a

L) Plus.‘ RDF and SPA RQL a//OW US to build app/ication—spec,fic KGS as crucial need to enable semantic search for (and across) Open Data portals along those dimensions, yet - to

the best of our knowledge - no working solution exists. To this end, we (i) present a scalable approach to

”’principled” aggregation(s) of Linked Data’ (Cf Def slide 29) construct a spatio-temporal knowledge graph that hierarchically structures geographical as well as temporal

entities, (ii) annotate a large corpus of tabular datasets from open data portals with entities from this

knowledge graph, and (iii) enable structured, spatio-temporal search and querying over Open Data catalogs,
both via a search interface as well as via a SPARQL endpoint, available at data.wu.ac.at/odgraphsearch/.

Keywords: open data, spatio-temporal labelling, spatio-temporal knowledge graph

Suggested Citation:

Neumaier, Sebastian and Polleres, Axel, Enabling Spatio-Temporal Search in Open Data

(December 20, 2018). Available at SSRN: https://ssrn.com/abstract=3304721 or hltp:{[dndgn.gvg
10.2139/ssrn. 3304721



From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!

How can we also use numeric values?

NUTS2 LAU2_NAME YEAR SEX P_TOTAL

AT31 Linz 2013 98157

AT31 Steyr 2013 18763

AT31 Wels 2013 29730

52



From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!

How can we also use numeric values?

* Identifying the most likely semantic label for

a bag of numerical values population (a district) (country Austria)
* Deliberately ignore surroundings

* Map to labels from a KG

53



From Knowledge Graphs (back) to Linked Open Data:

 Open Knowledge Graphs can be used to link Open Data!

. . * Cities
Numeric Values in Open KGs? - Populatior
Country

Location (Coordinates)

O&gp . Economic indicators
Y (] . Organisations:
DBpedia - Revenues
. Board members

What’s in DBpedia?

Persons (e.g. celebrities, sports)
Name
Profession
Height

Landmarks (e.g. famous buildings)
Country
Location
Height

Events
Dates 54
Location



From Knowledge Graphs (back) to Linked Open Data:

Background Knowledge Graph

dbo:height

* properties with numerical range C AN D

. . . N\
* Hierarchical clustering approach: 2 dboPerson 2 dboBuilding
* Two hierarchical layers:

* Type hierarchy " adbo:BasketballPlayer

(using OWL classes) S J "- ........... :

* Property-object hierarchy ¥
(shared property-object pairs) CV*/**CV**D

K - WU =

......................




From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!

Label based on Nearest Neighbors

dbo:height ——  Vector space
C V=[vlv2,...,vn] ) ’O . .
/ N
a dbo:Person @ dbS‘:Building . ' . .
»O O

‘ - LY : b
R Vee Coye b encon i
— >
: O o)

dbo:league db:Natié?;li. .' & . _,O 2
.......... “
@ o O. @3
P ma— ]




From Knowledge Graphs (back) to Linked Open Data:

* Open Knowledge Graphs can be used to link Open Data!
* Open KGs don’t/only partially cover Knowledge in Open Data!

Example Labelling:

populationTotal

(a Settlement)
populationDensity (a City)

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

NUTS1|NUTS2|NUTS3|DISTRICT_CODE I WV|WK|BZ|SPR|WBER SPOE |[FPOE|GRUE |BZOE|NEOS
AT1 ||AT13 |AT130 I 9 |0 |0 |0 1163061 13639189963|(103249|1516 (44891
AT1 ||[AT13 |AT130 z9 1 |0 |0 (111279 12395 6482 ||14154 (114 |5412
AT1 ||AT13 |AT130 Z9 2 |0 [0 98379 10236 |4700 |(15398 |[124 6569
AT1 ||[AT13 |AT130 29 3 |0 |0 (110527 13304 |7816 |(10944 115 3613
AT1 ||AT13 |AT130 Z 9 |4 |0 |0 229521 27922 ||21091|(11631 |[256 5299
AT1 ||[AT13 |AT130 z 9 |5 1|0 |0 (212262 25314 ||16613|(19333 324 |9175
ATl |AT13 |AT130 z 9 |6 |0 |0 175288 19059 |[11765|(18996 (242 8389
AT1 ||AT13 |AT130 Z 9 |7 10 |0 225805 28161 |21496|(12793 (341 (6434
AT1 |AT13 |AT130 |90301 E 9 |1 |3 |0 |[57528 6586 (3567 (6969 (68 2789
AT1 ||[AT13 |AT130 (90401 E 9 |1 |4 |0 (21000 2253 ||1068 |(3082 |26 1277
AT1 ||[AT13 |AT130 (90501 E 9 |1 |5 |0 32751 3556 |[1847 ||4103 |20 1346

57



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

From Knowledge Graphs (back) to Linked Open Data:

 Open Knowledge Graphs can be used to link Open Data!
* Open KGs don’t/only partially cover Knowledge in Open Data!
Lessons learned:

* We can assign fine-grained semantic labels
* if there is enough evidence in Background Knowledge Graph

* 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

International Semantic Web conference 2016:

Multi-level semantic labelling of numerical values

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

* Vieana University of Economics and Business, Vicana, Austria
 Siemens AG Osterreich, Vienna, Austria

Abstract. With the success of Open Data a huge amount of tabular data sources 58
became available that could potentially be mapped and linked imto the Web of
(Linked) Data. Most existing approaches to “somantically label™ such tabular




The journey doesn’t end here...

Open Knowledge Graphs can be used for many other Al applications!

E.g. Open KG Question Answering
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The journey doesn’t end here...

Open Knowledge Graphs can be used for many other Al applications!

E.g. Open KG Question Answering

More examples of active research topics:

* Using ML/NN for KG population/extraction
* Graph embeddings for automated KG
enrichment/repair

ML/Neural Networks
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Link!
Last but not least, some bad news... o
emra\"'*ed Tanid Tudore
C 2 fan
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Bad news: Decentralized Open KGs are hard to maintain and serve LN pusine®  many W
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* Hosting federated SPARQL endpoints is (too) expensive D et Ly T oo e K% e
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* Linked Datasets difficult to crawl and process automatically -;l}cb of a2 ‘.-msopw\“_m\\c“gw i - WEB 2018
S "-4 C
DES

Actually: Good news!
Still more research needed and actively being conducted!

Examples:
* Federated SPARQL querying

* Client-Server Load-Balancing (LDF, SAGE, etc.)
 Efficient/lightweight triple stores (e.g. HDT)

Graph Databases in the Cloud

Automated Linked Data Quality checking

(BTW, real applications often also need access-control, policies)
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Time for a postcard....

-




ime for a postcard...

RDF, Ontologies, Linked Data are a solid
basis for Knowledge graphs.

Focus has shifted from schema-centric to
data-centric.

Focus has shifted from knowledge
engineering to knowledge extraction.

For companies thinking about investing in
KGs it makes sense to invest in open,
standard technologies for KGs.

Hybrid Reasoning needed (rules + heuristics
+ inductive/statistical inference (ML)

Take-home Messages

It is not enough to rely on

centralized/closed KGs!

Looking forward to the onward journey!
lot of research left to be done in this i

space (decentralization,
contextualization, federation)!

Confirmed by yesterday’s keynote:

¥ Future of AI Research for Manufacturing & e

. AI provides just sets of methods — the human centric o::lhnplex
solutions should be built upon them — three key resea.
~reas for future Al research (Catalyst & AAAI report)'.n
i i : i bilities
. Integrated intelligence: combining modular Al capa Byt
functionalities and skills, ability to contextualize general capabcl_ib&s to
suit specific uses, creation of open shared knowledge repositories,
models of human cognition
+ Meaning Nieraclioh—reattnve conaporaco eSO
e ama machines, combining diverse communication modalities
(verbal, visual, emotional) while respecting privacy, responsible and
trustworthy behaviors
« Self-aware learning: developing robust and trustworthy learning,
learning from small amounts of data, incorporating prior knowledge

into learning, and learning real-time behaviors for intentional sensing
and acting.
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* Axel Polleres, Cristina Feier, and Andreas Harth. Rules with contextually scoped negation. In Proceedings of the 3rd European Semantic Web Conference
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(Links for download on http://polleres.net/publications/ )
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