FZI

“'&J L "r“_ " s o R e T - ¥ )
Semantics in RDF Data Cubes =
Speaker: Benedikt Kdmpgen (FZI)

Location: WU Vienna, Group of Axel Polleres
Date: 22.07.2015

TechnologieRegion "
Karlsruhe sUud-west T,

< ig'"““ﬂﬁw“ia"z elektromobilitét



About FZI 2;'!

= Foundation of the federal state Baden-Wuerttemberg

= Member of Innovationsallianz Baden-Wirttemberg and Technologieregion
Karlsruhe

= |nnovation hub in Baden-Wuerttemberg for information technology
= |nnovation partner of the Karlsruhe Institute of Technology

= Medium-sized provider of research services

.{' ﬂ(l I Innovationsallianz
. v TechnologieRegion
Inn Bw.“_;,.-.-..- e Karlsruhe

Karlsruher Institut fir Technologie
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Figures and Facts 2014 E’;’I

Overall budget: 14 M €
= Researchers: 135

= More than 200 projects — commissioned directly from industry and
through publicly funded joint projects

= Certified Quality Management System according to ISO 9001
= Accredited PROFIBUS Competence Center and Test Lab

= Accredited KNX Test Lab

LGA!/ InterCert
Zertifiziertes QM-System

DIM EN IS0 9001:2008
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FZI's formula for success: a strong network ‘I?;'I

Innovative forms of ccoperation
e. g. Shared Professorship

|

Close connection to Long-term research projects
KIT and its students Knowledge, Transfer and partnerships

FZI's competence

Mastering a :

Partner institutes at KIT Spin-offs and partner
between research & g

and practice

Interdisciplinary Im pu Ises Spin-offs from FZI
network of employees are international
technology leaders

FZI Friends' Association
with ca. 100 industrial companies
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Our strength: Interdisciplinary research E’;’I

SE
IPE
ISPE
ESS

Berlin
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Information Process Engineering (IPE) Division g;'l

= Novel methodologies and technologies for continuous information-
driven entrepreneurial decisions ...
= to immediately respond to changes

= to utilize huge data volumes together with the collective intelligence
of an organization‘s employees

= to reliably discover coherences in continuously growing data volumes

= to systematically combine and utilize information on the basis of
mathematical and economic models

= toinitiate purposeful actions at the right time.

WIM Group
Knowledge
Management
Based on the
Web of Things
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5
WIM FZI

Knowledge
Management in
the Web of Things

Ignacio Traverso Ribon

Nicole Merkle

Suad Sejdovic Nadia Ahmed
Matthias Frank
22.07.2015
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Web of Things

Sensor

loT
protocols

Actuator

22.07.2015

loT

protocols
<—

»

» | Thing 1

Thing description

Thing appl. logic

Thing KB

5N
FZI

Web

protocols
_—

Web

protocols
44—

T2 T3 Appl | | App2
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5

Web of Things: Challenges FZI
loT Web
protocols ; protocols
Sensor ~| Thing 1 —
loT Web
protocols protocols
Actuator | D —
/ Thing description
Integrating
T2 | | T3 Appl | | App2
heterogeneous Thing appl. logi PP PP
loT devices a C\
applications ? ?
Thing KB A A
Managing “
heterogeneous and \ : :
L : Near-real-time reactio
dynamic thing Reasoning over on streams of data
descriptions arbitrary background '
information Discovering things,

22.07.2015

ensuring data privacy
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Web of Things: Solutions

loT

rotocols .
Sensor P ~| Thing 1

loT

protocols
<—

Actuator
/ Thing description

StreamPipes:

abstract

Thing appl. logic
description of ‘ J appl. 109

loT devices.

Thing KB
|

Semantic Sensor
Network ontology,
RDF Data Cube
vocabulary, ReApp
ontology, Linked APIs

openAAL: Context
management with
OWL reasoner.

5N
FZI

Web

protocols
_—

Web

protocols
44—

T2 T3 Appl | | App2

* o
A A

ETALIS, Linked-Data-Fu:
Rule-based interaction
and complex event
processing languages
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o)
Ther Proacthie Stnsing Entorprise

Industry 4.0: EU Project ProaSense FZI

Automotive lamp
brought by Transport
machine 1 increases

scrap rate
PN
HELLRH
Transport machine —
communicates problems

to right person N mhwirth
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Ambient Assisted Living: BMBF Project AICASys f:’;'l

=

22N

1EHome/AAL

o ©
smantHome

Behaviour linked to

intention, e.qg., gaze

to lamp, to switching

on lamp.

aSM|

SensoMotoric Instruments

Recognising
unconsciousness of user,

eye tracking device can c IBEK
contact nursing staff
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Outline g;'l

= FZI/WIM
= Semantics in RDF Data Cubes

22.07.2015 © FZI Forschungszentrum Informatik 13



Numeric data g;'l

.&.D &uno

.&jedna g

\Iﬁﬂaturalﬂumber

.&,vienas

sdme

\Iiﬁ“l_[number)

iﬁ. | LRI
=

ni

Vrandecic et al.: Linked Open Numbers.1st of April, 2010.
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. | 5
Use Case: Green City Index  (Siemens, GCI, 2014) IC;ZI

@ Green action plan © COz intensity

' Green management ) COz emissions

@ Public participation © COz reduction strategy

in green policy
. . Environmental .
@ Nitrogen dioxide Governance @ Energy consumption
@ Sulphur dioxide © Energy intensity
© Ozone © Renewable energy consumption
@ Particulate matter © Clean and efficient energy policies
@ Clean air policies
European
Index
Buildings

© Water consumption © Energy consumption of residential
© System leakages buildings
© Wastewater system treatment Waste & © Energy-efficient buildings standards
@ Water efficiency and treatment policies land use © Energy-efficient buildings initiatives

@ Municipal waste © Use of non-car transport

production @ Size of non-car transport

© Waste recycling network

© Waste reduction policies © Green transport promotion

© Green land use policies © Congestion reduction policies

22.07.2015 © FZI Forschungszentrum Informatik 15




Green City Index: Purpose g;'l

Os /O uses the highest share of renewable energy at 65%. The Index average is 7%. k...
COD enha gen ‘s and Berlin's residential buildings consume almost 40% less energy than the Index average.

in Stockholm, esw of people cycle or walk to work, the highest percentage in the European Index.
In contrast, in Helsinki, another Scandinavian city of similar size, only 16% do so.

Ri (U offers the longest public transport network at 8.6 km per km?,
almost four times the Index average of 2.3 km per km?.

in 1€V, 74% of the population uses public transport to get to work.
This is the highest figure in the European Index and the best result for Kiev, which ranks 30th overall.

Tallinm consumes the least amount of water - only 138 litres per person per day,
compared with the Index average of 288 litres.

Amsterdam has the lowest water leakage rate of 4%, in Sofia this is 61%.

Helsinki recycles 58% of its waste, compared with the Index average of only 18%.

22.07.2015 © FZI Forschungszentrum Informatik 16
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Open City Data Pipeline E’;’I

(Bischof, Martin, Polleres & Schneider 2015)

How to add new data sources / datasets?
Wrapper

How to find equivalent instances/properties?

Integration

How to discover possible interdependencies
between numeric data?

Storage

How to integrate all datasets to one dataset
with most likely true values? Analytics

How to generate useful visualisations? Ul & LOD

* o
A A

22.07.2015 © FZI Forschungszentrum Informatik




Extended Open City Data Pipeline

Domain Knowledge
Matching / Linking
Reusing QB Model

LD-Wrappers

Well-defined and Seed list Registry / Crawler
completely loaded Directed crawl
numeric data

SPARQL engine Storage
Declarative B Learning models
definitions of Evaluating models, Reasoner
implicit information axioms, formulas...

Unified view over
available datasets

Building Global Cube Integrator

Exploratory
analytical OLAP-to-SPARQL Ul & LOD
operations

22.07.2015 © FZI Forschungszentrum Informatik



Outline

= FZI/ WIM

= Semantics in RDF Data Cubes
- Well-defined and completely loaded numeric data

- Declarative definitions of implicit information
- Unified view over available datasets
- Exploratory analytical operations

22.07.2015 © FZI Forschungszentrum Informatik
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Outline FZI

= FZI/ WIM

= Semantics in RDF Data Cubes

- Well-defined and completely loaded numeric data

. Def:!aratl_ve def|n|t|0n§ of implicit information Registry / Crawler
- Unified view over available datasets

- Exploratory analytical operations
‘ Storage

LD-Wrapper

Reasoner

Integrator

Ul & LOD

> o

AN

22.07.2015 © FZI Forschungszentrum Informatik 21




Well-Defined Numeric Data

2P

= The RDF Data Cube Vocabulary [QB] eurostat-n-a-gph:ds
= W3C Recommendation
= Integrity constraints

= "Every numeric value is in a
dataset"

"Every dataset has a data
structure definition with
dimensions"

"Every numeric value is

uniquely defined by its o 19 - 900 "t

dimension values"

sdmx-measulre :obsValue

\\implemented
using SPARQL

= Relational description

[QB] http://www.w3.0rg/TR/vocab-data-cube/

eurostat-n-a-gph:ds(:Geo, :uUnit, -Date, :Indicator, :Value)

eurostat-n-a-gph:ds(:gr, :eur_hab,'2010", :ngdph, "*19,900")

22.07.2015 © FZI Forschungszentrum Informatik 22
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Well-Defined Numeric Data: Why Cube? FZI

= N-Dimensional Space (coordination system)

A
- ‘Date :Indicator | :Value
8 . ‘eur_hab "2010" :ngdph 19,900
af W s

>

Date GDP Per Capita Dataset
= [CUBE] operator

Gray, Chaudhuri, Bosworth: Data cube: A relational aggregation operator
generalizing group-by, cross-tab, and sub-totals. Data Mining and Knowledge

Discovery. 1997. -

‘eur_hab "2010" :ngdph 19,900
ALL -eur_hab "2010" :ngdph

Materialised GDP Per Capita Cube

22.07.2015 © FZI Forschungszentrum Informatik 23




City Data Model Example E';'l

] In Riga, the public transport

datacontext

"2015-07-19"" < gci:riga

gci:dateRetrieved gci-spatialContext >‘

IIO . 7Il

gci:date

gci:catego

''2014" \/

""km per km2"
ll8 . 6ll

"Travel &
Transport'

22.07.2015 © FZI Forschungszentrum Informatik 24




gci:-travel _

5

ci:km_per_km2
QB Model Example ' 2-P*- ® :ransport FZI
"http://www.urban_audit.de" ? skos:narrower
i - source i i gci:public_trans
gcu: gcrzunit & port_network
urban_auditids gci:gex ‘gci:Ia
gcA - indicator tvia
gb:dataSet
g skos:narrower
-observ;, on

''2015-07-19" <

gci :dateRetrieved

sdmx<measure

gci-dateValidity

''2014"

~

gci

gci:spatialContext

urban_audit:ds(Gci:dateRetrieved, Gci:datevValidity,

Gci:unit,

-obsValue
gci -pkediction_model
J gci-knnl23
""8.6" gci:-nmse
IIO . 7ll

..., Gcri:indicator, Gci:spatialContext,
Geci:prediction_model, Sdmx-measure:obsValue)




Mapping City Data Model and QB ?;'l

@prefix gci: <http://citydata.wu.ac.at/ns#> .
@prefix gb: <http://purl.org/linked-data/cube#> .

{ ?x a gci:CityDataContext } => { ?x a gb:Observation }.
{ ?x :source ?y } => {concat(?y,''ds'") a gb:DataSet. ?x gb:dataSet concat(?y,'ds").
concat(?y,"ds"™) :source ?y. concat(?y,'ds"™) gb:structure concat(?y,"dsd"). }.

{ ?x :source ?y } => { concat(?y,"dsd'") gb:component concat(?x,"dsd-component-spatialContext').
concat(?x,""dsd-component-spatialContext™) gb:dimension gci:spatialContext. }.

gci:-spatialContext a gb:DimensionProperty.
# One could explicitly state all possible dimension values 1T needed.

gci:dateRetrieved a gb:DimensionProperty.

{ ?x :source ?y } => { concat(?x,"dsd") qgb:component concat(?x, "dsd-component-dateRetrieved).
concat(?x,"'dsd-component-dateRetrieved™) gb:dimension gci:dateRetrieved. }.

gci:datevValidity a gb:DimensionProperty.
{ ?x :source ?y } => { concat(?x,"dsd") qgb:component concat(?x, " dsd-component-dateVvValidity').
concat(?x,"dsd-component-dateValidity) gb:dimension gci:dateValidity. }.

{ ?x :Isource ?y } => { concat(?x,"dsd") gb:component concat(?x,"dsd-component-
indicatorContext™) . concat(?x,"dsd-component-indicatorContext'™) gb:dimension
gci:indicatorContext. }.

gci:indicatorContext a gb:DimensionProperty.

{ ?x :Isource ?y } => { concat(?x,"dsd") gb:component concat(?x,"dsd-component-unitContext™).
concat(?x,""dsd-component-unitContext') gb:dimension gci:unitContext. }.

gci:unitContext a gb:DimensionProperty.

# Assumption: for each CityDataContext, there is exactly one indicator value.

{ ?x a gci:CityDataContext. ?x ?p ?y. ?p a gci:Indicator. ?p gci:unit ?u. ?p gci:category ?c. }
=> { ?x gci:indicatorContext ?p. ?c skos:narrower ?p. ?x gci:unitContext ?u. }.
gci:estimatedRMSEForPredictedValues a gb:DimensionProperty. ]
gci:predictorForPredictedValues a gb:DimensionProperty. \\| m plementeable

using SPARQL

22.07.2015 © FZI Forschungszentrum Informatik 26




Completely Loaded Numeric Data g;'l

b component - . '
| gb:DataStructureDefinition a P > qb:Cnmchiﬁcatinn — EE:CEmggggﬁggﬁr‘ih?fﬁ%ms
. 1 ghoarder : wsd:int
gbslicekley qbrcomponentFroperty
— T v
gb:dimension
qgoostructure gb:attribute
qb*DaltaSEt qb*SIiT:eKey gb componentProperty gb:measure
. '—I . + !
T go¥jce ab:sliceStructure ’7 qgb:ComponentProperty
ob:dataSet - | b concent AN : :
qh:s\hce I ao P gb:DimensionPNgperty
| l | gb:measureType
et \
' % ' -'.1I:|:al"uttril:nutleli'ru[:na\gt!,»r
-observation _ | ey b l';\
_ . . | gb:MeasureProperty
gb:Observation ! %
gb:observalion gb:CodedProperty
sinldaiecs alndesky #, qb-codelist
qb:ObservationGroup J AN _
==union==
% sdmx:FrequencyRole
L sdmx:Ce TR

Role qb:HierarchicalCodelList

[ISEM Research 2011] —— b parentChidProperty

22.07.2015 © FZI Forschungszentrum Informatik 27




Outline

= FZI/ WIM

= Semantics in RDF Data Cubes

- Well-defined and completely loaded numeric data

- Declarative definitions of implicit information
- Unified view over available datasets
- Exploratory analytical operations

22.07.2015 © FZI Forschungszentrum Informatik
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Declarative Definitions of Implicit Information E’;’I

= RDFS/OWL Axioms (e.g., equivalence)
= QB normalisation of abbreviated datasets
= Derived Datasets

22.07.2015 © FZI Forschungszentrum Informatik 29



RDFS / OWL Axioms (e.g., equivalence) E’;'l

Dcterms:date | geiindicator
gci:greece ‘mio_eur "2010" blg

owl equivalentPropery

owl : sameAs

eurostat:Geo | eurostat:Unit | Dcterms:date | eurostat; Sdmx-measure:
Indic_na obsValue

eurostat:gr ‘eur_hab "2010" :ngdph 19,900

= Mapping dimensions and dimension values (Zapilko & Mathiak '14)

= Evaluation
= Offline Materialisation //implemented using Entity Consolidation
= Offline Materialisation //implemented using OWL LD Profile rules
= Online Evaluation //implemented using Open Virtuoso Reasoning

22.07.2015 © FZI Forschungszentrum Informatik 30



Declarative Definitions of Implicit Information E’;’I

= RDFS/OWL Axioms (e.g., equivalence)

= QB normalisation of abbreviated datasets
Preprocessing <= //implemented using QB normalisation algorithm

= Derived Datasets

22.07.2015 © FZI Forschungszentrum Informatik 31



Declarative Definitions of Implicit Information f:';'l

= RDFS/OWL Axioms (e.g., equivalence)
= QB normalisation of abbreviated datasets
= Derived Datasets

- Aggregation hierarchies / functions

- Complex Correspondences

- Prediction models

22.07.2015 © FZI Forschungszentrum Informatik 32
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Aggregation Hierarchies / FUNctions  gios:nafrowerf7]

gci:-travel

. o o . . gci:latv
= QB defines implicit / explicit dimension hierarcigstransport ia
skos:narrower skos:narrower
gci:public_trans .
6 port_network gcr:riga

= QB does not define how to aggregate from lower-level to higher-level values.

Summarisability: Summing up the public transport network over time is meaningless. Averaging
up the public transport network for all cities would give the Index average.

Redundancy: When aggregating, values should not be aggregated over several times. E.g., if
we have the values male, female, total, computing ALL would be meaningless.

= "Riga offers the longest public transport network at 8.6 km per km2, almost four times
the Index average of 2.3 km per km2."

urban_audit:ds_view(''2015-07-19", "2014", gci:km_per_km2,
gci:public_transport_network, ALL gci:none, avg(?)).

= Aggregation function can be explicitly stated for an /limplemented using Views
Indicator. over RDF (SPARQL)

" CUBE operator [ESWC Research 2013]

22.07.2015 © FZI Forschungszentrum Informatik (EtCheVerry & Vaismang'g,lZ)




Declarative Definitions of Implicit Information f:';'l

= RDFS/OWL Axioms (e.g., equivalence)
= QB normalisation of abbreviated datasets
= Derived Datasets

- Aggregation hierarchies / functions

- Complex Correspondences

- Prediction models
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Complex Correspondences ‘I?;'I

= Examples ngdph:ds gdp_components_usd:ds

COMP_NGDPH
:ngdp / :population
= :ngdph

EUR2USD
‘usd = :eur *
1.0993

ngdp:ds population:ds gdp_components:ds

= How to describe and efficiently evaluate? /Irelated to attribute equations

_ (Bischof & Polleres '13)
= Semantics (Example)

Convert-Cube(gdp_components:ds, EUR2USD) = gdp_components us

gdp_components usd:ds(Geo, :usd, Date, Indicator, Value2)
- gdp_components(Geo, :eur, Date, Indicator, Valuel), Value

= 1,0993 * Valuel.
/limplemented using SPARQL

22.07.2015 © FZI Forschungszentrum Informatik [EKAW ResearCh 2014] 35




Complex Correspondences — Computing All Derived Datasets =
3
FZI

EUR2USD

A A
O O

gdp_components:ds population:ds  gdp_per_capita:ds

22.07.2015



Complex Correspondences — Computing All Derived Datasets ==

22 ¢ 9

29

®

*9?

gdp_components:ds

22.07.2015

population:ds

gdp_per_capita:ds

S
FZI

Combinations
computed

using rules
(implementeo
iIn XSB Prolog

EUR2USD



Declarative Definitions of Implicit Information f:';'l

= RDFS/OWL Axioms (e.g., equivalence)
= QB normalisation of abbreviated datasets
= Derived Datasets

- Aggregation hierarchies / functions

- Complex Correspondences

- Prediction models
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Prediction models IC:';'I

= "Prediction Models"
as first-class citizens

urban_audit:ds_knn(''2015-07-19', ''2014",

gci:km per _km2, gci:public_transport_ network,
1-Vi i- )

gci:vienna, gci:knnl23, (?)). //Open Work

22.07.2015 © FZI Forschungszentrum Informatik 39



Outline

= FZI/ WIM

= Semantics in RDF Data Cubes

- Well-defined and completely loaded numeric data

- Declarative definitions of implicit information
- Unified view over available datasets
- Exploratory analytical operations

22.07.2015 © FZI Forschungszentrum Informatik
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Unified View Over Available Datasets ‘FD;'I

= Query in terms of a unified view — Global Cube:

global _cube(ALL, *"2014", gci:km_per_km2, ..
gci:public_transport_network, gci:vienna, ALL T(?)).

= Global Cube in terms of available datasets:

global cube(Gci:dateRetrieved, Gci:datevValidity,
Ger-unit, ALL, ..., Gcir:indicator, Gci:spatialContext,
gci:-none, "1', Sdmx-measure:obsValue) <=
urban_audit:ds(Gci:dateRetrieved, Gci:dateValidity,
Gei-unit, Geci:indicator, Gci: spatlaIContext gci:none,
0", Sdmx-measure: obsVaIue)-

= Automatic "aggregation” to most likely value //Open Work
= For Gci :dateRetrieved, take the most up-to-date one.
= For Gei:prediction_model, take the "best" one, with lowest gci - rmse

22.07.2015 © FZI Forschungszentrum Informatik 41



Outline

= FZI/ WIM

= Semantics in RDF Data Cubes

- Well-defined and completely loaded numeric data

- Declarative definitions of implicit information
- Unified view over available datasets
- Exploratory analytical operations

22.07.2015 © FZI Forschungszentrum Informatik
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Exploratory Analytical Operations

5

FZI

Unsaved query (1)

Cubes

FIOS 2.0 Data Cube for SEC/AYHOF
Dimensionen

¥ |4 Date

w | J lssuer
% 8IC Level

L Segment

v |7 subject

Kennzahlen

w |/ Kennzahlen
“ Obs value

> = s 0 4 ¢ | & 1
Spalten | Subject # Q |
Zeilen | Company Level $ Q |
Filter [ Date # Q|

Company Level Assets Open

MASTERCARD INC 7.82584975E9 23941

VISA INC. 3.271208333333E10 B7.35

22.07.2015

[ESWC In-Use 2014]
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Exploratory Analytical Operations E’;’I

Unsaved query (1)

o

Cubes

erear sparen [indicator |
Dimensionen

B » » D& & & n

[<]

w | 7 Date
Date Filter
w |7 Issuer
® sIC Level
Company Level
» | Segment
v |7 subject
Subject

Kennzahlen

w |7 Kennzahlen
® Obs value

[ESWC In-Use 2014]
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5

Conclusions FZI

= QOpen City Data Pipeline promising
= Extended approach allows to focus on the important aspects of
analytics:
= Where to get the data from?

=  What does the data mean (from numeric data, over equivalent entities,
to interdependencies)?

= How to discover possible interdependencies between numeric data?
= How to select between different predictions?
= How to generate useful visualisations?

22.07.2015 © FZI Forschungszentrum Informatik 45




Thanks!

= QOpen City Data Pipeline promising

= Extended approach allows to focus on
the important aspects of analytics:

22.07.2015

Where to get the data from?

What does the data mean (from
numeric data, over equivalent entities,
to interdependencies)?

How to discover possible
interdependencies between numeric
data?

How to select between different
predictions?

How to generate useful visualisations?

© FZI Forschungszentrum Informatik
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