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Imagine… (1)

You are a financial analyst
Assessing performance of Mastercard
Claims supported with numbers

Indicator Assets Share Price # Employees
Value ? ? ?

Company = Mastercard Inc., Date = 2015
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Imagine… (2)

You are a journalist
Writing article about financial situation of Greece
Claims supported with numbers

Indicator GDP per Capita
Geo GR
Date 2010
Unit Euro per inhabitant
Value ?
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Imagine… (2)

You are a journalist
Writing article about financial situation of Greece
Claims supported with numbers

* Confirmed by 2 datasets

Indicator GDP per Capita
Geo GR
Date 2010
Unit Euro per inhabitant
Value * 19,900

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web



Institute of Applied Informatics and 
Formal Description Methods (AIFB)

5 2015-02-25

Imagine… (3)

You are a scientist
Identifying correlations between indicators
Claims supported with numbers

Results used to import datasets 
from the Web (Paulheim et al. '14)

Indicator Indicator 1 Indicator 2
Date
2012 ? ?
2013 ? ?
2014 ? ?
2015 ? ?
2016 ? ?
… … …

Geo = DE

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web



Institute of Applied Informatics and 
Formal Description Methods (AIFB)

6 2015-02-25

Statistical Linked Data –
Number

"19,900"
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Statistical Linked Data –
QB Observation and Dataset 

"19,900"

qb:dataSet

eurostat-nama-aux-gph:ds

sdmx-measure:obsValue

_:obs1
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Statistical Linked Data –
Dimensions

"19,900"

qb:dataSet

eurostat-nama-aux-gph:ds

sdmx-measure:obsValue

estatwrap:geo
eurostat-geo:GR

estatwrap:indic_na

eurostat-indic:NGDPHestatwrap:unit

eurostat-unit:EUR_HAB

dcterms:date
"2010"

_:obs1

"GDP Per Capita"

rdfs:label
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Statistical Linked Data –
Dimensions

"19,900"

qb:dataSet

eurostat-nama-aux-gph:ds

sdmx-measure:obsValue

estatwrap:geo
eurostat-geo:GR

estatwrap:indic_na

eurostat-indic:NGDPHestatwrap:unit

dcterms:date
"2010"

_:obs1

eurostat-unit:EUR_HAB
"GDP Per Capita"

rdfs:label

Experiences supported 
standardisation of QB 
vocabulary (Kämpgen 
& Cyganiak '13)
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Outline

Motivation 
Research Questions
Contributions
Related Work
Application
Conclusions
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Problem

Datasets

Part of 
Global Cube

Users

XML, XBRL, 
SDMX, CSV…

Metadata query
Analytical query HTTP/GET

?Analysis
Interface

HTML/JavaScript

HTTP/GET

RDF

Statistical 
Linked Data

HTTP/GET
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Research Questions

How to integrate datasets?

How to evaluate queries using SPARQL?

How to pre-aggregate values? 

How to automatically derive values?

1

2

3

4
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Research Questions

How to integrate datasets?

How to evaluate queries using SPARQL?

How to pre-aggregate values? 

How to automatically derive values?

1

2

3

4
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Integrating Datasets

Geo Unit Date Indicator Value
GR EUR_HAB 2010 NGDPH 19,900

… ... ... ... ...

Loc. Date Sex Age Value
Greece 2010 F <65 4,183,516

… … … … …

Population Dataset

GDP Per Capita Dataset

Geo Unit Date Variable Value
GR MIO_EUR 2010 B1G 1,547,984

… … … … …

GDP Components Dataset

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web
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Integrating Datasets
Geo /
Loc.

Unit Date Variable /
Indicator

Sex Age Value

GR / 
Greece

MIO_EUR 2010 B1G ALL ALL 1,547,984

… … … … ALL ALL …

GR / 
Greece

ALL 2010 ALL F <65 4,183,516

... ALL ... ALL ... ... ...

GR / 
Greece

EUR_HAB 2010 NGDPH ALL ALL 19,900

... ... ... ... ALL ALL …

Global Cube
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Research Questions

How to integrate datasets?

How to evaluate queries using SPARQL?

How to pre-aggregate values? 

How to automatically derive values?

1

2

3

4
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Using SPARQL for Analytical Queries

eurostat-
geo:GR

estatwrap:geo

sdmx-measure:obsValue

Indicator Population

Date Geo
2010 GR ?

Analytical Query

Queried RDF Graph

eurostat-
indic:Population

estatwrap:indic_na

"11,206,540"

dbpedia:Greek_language

dbpedia:language
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Research Questions

How to integrate datasets?

How to evaluate queries using SPARQL?

How to pre-aggregate values? 

How to automatically derive values?

1

2

3

4
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Pre-Aggregating Values

eurostat-
geo:Irakleio

estatwrap:geo

sdmx-measure:obsValue

Indicator Population

Date Geo
2010 GR ?

Analytical Query

Queried RDF Graph

eurostat-
indic:Population

estatwrap:indic_na

"4,183,516"
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Research Questions

How to integrate datasets?

How to evaluate queries using SPARQL?

How to pre-aggregate values? 

How to automatically derive values?

1

2

3

4
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Deriving Values
Geo /
Loc.

Unit Date Variable /
Indicator

Sex Age Value

GR / 
Greece

MIO_EUR 2010 B1G ALL ALL 1,547,984

… … … … ALL ALL …

GR / 
Greece

ALL 2010 ALL F >65 4,183,516

... ALL ... ALL ... ... ...

GR / 
Greece

EUR_HAB 2010 NGDPH ALL ALL 19,900

... ... ... ... ALL ALL …

Global Cube
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Deriving Values
Geo /
Loc.

Unit Date Variable /
Indicator

Sex Age Value

GR / 
Greece

MIO_EUR 2010 B1G ALL ALL 1,547,984

… … … … ALL ALL …

GR / 
Greece

ALL 2010 ALL F >65 4,183,516

... ALL ... ALL ... ... ...

GR / 
Greece

EUR_HAB 2010 NGDPH ALL ALL 19,900

... ... ... ... ALL ALL …

Population

GDP Per Capita

GDP Components
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Outline

Motivation 
Research Questions
Contributions
Related Work
Application
Conclusions
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Contributions

MDM-QB Mapping [ISEM Research 2011]

OLAP-to-SPARQL Algorithm [ESWC Workshop 2012]

RDF Aggregate Views [ESWC Research 2013]

Complex Correspondences [EKAW Research 2014]

1

2

3

4

How to pre-aggregate values? 

How to evaluate queries using SPARQL?

How to integrate datasets?

How to automatically derive values?
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Contributions

MDM-QB Mapping [ISEM Research 2011]

OLAP-to-SPARQL Algorithm [ESWC Workshop 2012]

RDF Aggregate Views [ESWC Research 2013]

Complex Correspondences [EKAW Research 2014]

1

2

3

4

How to pre-aggregate values? 

How to evaluate queries using SPARQL?

How to integrate datasets?

How to automatically derive values?
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RDF Aggregate Views –
Problem & Approach

Definition
Values on same aggregation level

estatwrap:geo (cities)
estatwrap:indic_na
estatwrap:unit

View
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RDF Aggregate Views –
Problem & Approach

Definition
Values on same aggregation level

Computation
Specific indices require adapted query engines
Aggregations with SPARQL and materialisation as RDF

estatwrap:geo (cities)
estatwrap:indic_na
estatwrap:unit

View
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RDF Aggregate Views –
Problem & Approach

Definition
Values on same aggregation level

Computation
Specific indices require adapted query engines
Aggregations with SPARQL and materialisation as RDF

Selection
Problem with limited space is NP-complete
(Harinarayan et al. '96)
Best case: select smallest view for each query

estatwrap:geo (cities)
estatwrap:indic_na
estatwrap:unit

View
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Star Schema Benchmark (O’Neil et al. '09)
Data: 6M lineorders as Star Schema
Queries: 13 queries in SQL

Evaluation Results –
SQL vs SPARQL 

No Materialisation Materialisation
Star Schema
(MySQL)

SQL

RDF / QB
(Open Virtuoso)

SPARQL SPARQL-M

12
)(
)(
≈

∑
∑

isql

isparql

qeqt
qeqt Analytical query processing 

more difficult with RDF than 
with Star Schema
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Star Schema Benchmark (O’Neil et al. '09)
Data: 6M lineorders as Star Schema
Queries: 13 queries in SQL

Evaluation Results –
SQL vs SPARQL

No Materialisation Materialisation
Star Schema
(MySQL)

SQL

RDF / QB
(Open Virtuoso)

SPARQL SPARQL-M

Analytical query processing 
more difficult with RDF than 
with Star Schema

Benchmark repeated with 300GB 
confirmed difficulty of analytical 
queries over RDF (Erling '13)
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Star Schema Benchmark (O’Neil et al. '09)
Data: 6M lineorders as Star Schema
Queries: 13 queries in SQL

Evaluation Results –
SPARQL vs SPARQL-M

No Materialisation Materialisation
Star Schema
(MySQL)

SQL

RDF / QB
(Open Virtuoso)

SPARQL SPARQL-M

2
)(
)(
≈

∑
∑ −

isparql

imsparql

qeqt
qeqtPre-computing aggregate

views in RDF not always
more efficient
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ssb:city232

Evaluation Results –
SPARQL vs SPARQL-M (2)

ssb:supp456

ssb:peru

skos:narrower

skos:narrower

skos:narrower

SPARQL

qb:dataSet

ssb:supplier

"950,915"

ssb:AMERICA

ssb:ds

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web
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ssb:city232

Reduced number of joins
But: triples are stored in same graph

Evaluation Results –
SPARQL vs SPARQL-M (2)

ssb:supp456

ssb:peru

skos:narrower

skos:narrower

skos:narrower

"2,450,567,564"

ssb:AMERICA
ssb:supplier

qb:dataSet

ssb:supplier

"950,915"

ssb:AMERICA

qb:dataSet

ssb:ds

SPARQL-M
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Evaluation Results –
SPARQL vs SPARQL-M (3)

Hypothesis: Reduced number of joins for hierarchies

SPARQL-M 13 times faster than SPARQL for Q4

0

200
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600

Q1.1 Q1.2 Q1.3 Q2.1 Q2.2 Q2.3 Q3.1 Q3.2 Q3.3 Q3.4 Q4.1 Q4.2 Q4.3

OLAP4LD
OLAP4LD-M

0

10

20

30

Q1.1 Q1.2 Q1.3 Q2.1 Q2.2 Q2.3 Q3.1 Q3.2 Q3.3 Q3.4 Q4.1 Q4.2 Q4.3

OLAP4LD
joins
OLAP4LD-M
joins

RDF Store
RDF Store-M
SPARQL       
SPARQL-M  

SPARQL
joins
SPARQL-M  
joins

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web



Institute of Applied Informatics and 
Formal Description Methods (AIFB)

35 2015-02-25

Contributions

MDM-QB Mapping [ISEM Research 2011]

OLAP-to-SPARQL Algorithm [ESWC Workshop 2012]

RDF Aggregate Views [ESWC Research 2013]

Complex Correspondences [EKAW Research 2014]

1

2

3

4
How to automatically derive values?

How to pre-aggregate values? 

How to evaluate queries using SPARQL?

How to integrate datasets?
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Geo /
Loc.

Unit Date Variable /
Indicator

Sex Age Value

GR / 
Greece

MIO_EUR 2010 B1G ALL ALL 1,547,984

… … … … ALL ALL …

GR / 
Greece

ALL 2010 ALL F <65 4,183,516

... ALL ... ALL ... ... ...

GR / 
Greece

EUR_HAB 2010 NGDPH ALL ALL 19,900

... ... ... ... ALL ALL …

Complex Correspondences – Problem

?
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Complex Correspondences – Approach (2)

Syntax (Example)

Semantics (Example)

MIO2EUR =
({(unit, MIO_EUR)}, //inputmembers
{(unit, EUR)}, //outputmembers
"f(x) = 1,000,000 * x") //function

Convert-Cube(gdp_components, MIO2EUR) = gdp_components_mio

gdp_components_mio(Geo, EUR, Date, Indicator, Value2) 
:- gdp_components(Geo, MIO_EUR, Date, Indicator, Value1), 
Value2 = 1,000,000 * Value1. 

//implemented using SPARQL

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web
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Complex Correspondences –
Query Evaluation

gdp components population gdp per capita

global cube

MIO2EUR

COMPUTE
GDP

COMP
GDP_CAP
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Complex Correspondences –
Query Evaluation

gdp components population gdp per capita

Join operation

Convert-Cube / Merge-Cubes

global cube

MIO2EUR

COMPUTE
GDP

COMP
GDP_CAP
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Complex Correspondences –
Query Evaluation (2)

gdp components population gdp per capita

global cube

MIO2EUR

COMPUTE
GDP

COMP
GDP_CAPMIO2EUR

COMPUTE
GDP

COMP
GDP_CAP

Join

MIO2EUR

Combinations
computed
using rules
(implemented
in XSB Prolog)
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Complex Correspondences –
Query Evaluation (3)

gdp components population gdp per capita

global cube

MIO2EUR

COMPUTE
GDP

COMP
GDP_CAP

How to limit number of derived datasets?

MIO2EUR

MIO2EUR

EUR2MIO

Check 
dimension-
member
combinations

Avoid loops

…

Combinations
computed
using rules
(implemented
in XSB Prolog)
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Outline

Motivation
Research Questions
Contributions
Related Work
Application
Conclusions

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web



Institute of Applied Informatics and 
Formal Description Methods (AIFB)

43 2015-02-25

Related Work

SPARQL 
Engine

OLAP-to-
SPARQL RDF

SPARQL

RDF
Aggregate Views

RDF

Complex
Correspondences

RDF

Part of 
Global Cube

Users
Metadata query
Analytical query

Analytical 
Interface

DatasetsHTTP/GET

RDF

Statistical 
Linked Data

MDM-QB 
Mapping
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Related Work

SPARQL 
Engine

OLAP-to-
SPARQL RDF

SPARQL

RDF
RDF

Part of 
Global Cube

Users
Metadata query
Analytical query

Analytical 
Interface

DatasetsHTTP/GET

RDF

Statistical 
Linked Data

MDM-QB 
Mapping

1
Ontology Matching
(Zapilko & Mathiak '14)
(Torlone '08)

RDF
Aggregate Views

Complex
Correspondences
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Related Work

SPARQL 
Engine

OLAP-to-
SPARQL RDF

SPARQL

RDF
RDF

Part of 
Global Cube

Users
Metadata query
Analytical query

Analytical 
Interface

DatasetsHTTP/GET

RDF

Statistical 
Linked Data

MDM-QB 
Mapping

1 2

Query Processing over Cubes 
and External Data
(Potena & Diamantini '08)
(Yin & Pedersen '04)

Ontology Matching
(Zapilko & Mathiak '14)
(Torlone '08)

RDF
Aggregate Views

Complex
Correspondences
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Related Work

SPARQL 
Engine

OLAP-to-
SPARQL RDF

SPARQL

RDF
RDF

Part of 
Global Cube

Users
Metadata query
Analytical query

Analytical 
Interface

DatasetsHTTP/GET

RDF

Statistical 
Linked Data

MDM-QB 
Mapping

1 2

3

View Definition using SPARQL
(Etcheverry & Vaisman '12)
SPARQL++, Networked Graphs,
vSPARQL

Query Processing over Cubes 
and External Data
(Potena & Diamantini '08)
(Yin & Pedersen '04)

Ontology Matching
(Zapilko & Mathiak '14)
(Torlone '08)

RDF
Aggregate Views

Complex
Correspondences
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Related Work

SPARQL 
Engine

OLAP-to-
SPARQL RDF

SPARQL

RDF
RDF

Part of 
Global Cube

Users
Metadata query
Analytical query

Analytical 
Interface

DatasetsHTTP/GET

RDF

Statistical 
Linked Data

MDM-QB 
Mapping

1 2

3 4
Dataset Integration
(Ambite & Kapoor '07)
(Bischof & Polleres '13)

View Definition using SPARQL
(Etcheverry & Vaisman '12)
SPARQL++, Networked Graphs,
vSPARQL

Query Processing over Cubes 
and External Data
(Potena & Diamantini '08)
(Yin & Pedersen '04)

Ontology Matching
(Zapilko & Mathiak '14)
(Torlone '08)

RDF
Aggregate Views

Complex
Correspondences
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Outline

Motivation
Research Questions
Contributions
Related Work
Application
Conclusions
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Application

Natural Science [SePublica Workshop 2014]
Financial Data Analysis [ESWC In-Use 2014]
Open Government Data [ESWC Demo 2014]
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Application

Natural Science [SePublica Workshop 2014]
Financial Data Analysis [ESWC In-Use 2014]
Open Government Data [ESWC Demo 2014]
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Analyst Assessing Mastercard –
Overview

Financial Information 
Observation System (FIOS)

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web



Institute of Applied Informatics and 
Formal Description Methods (AIFB)

52 2015-02-25

Analyst 
Assessing
Mastercard –
Zoom-In
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Analyst 
Assessing
Mastercard –
Zoom-In
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Browsing single Assets value

Analyst Assessing Mastercard – Details
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Browsing single Assets value

Analyst Assessing Mastercard – Details
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Browsing single Assets value

Browsing Mastercard

Analyst Assessing Mastercard – Details
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Outline

Motivation
Research Questions
Contributions
Related Work
Application
Conclusions
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Summary of Results
Mapping based on simple set notation 
from Statistical Linked Data to Global 
Cube [ISEM Research 2011]

Algorithm to translate any 
OLAP query to a SPARQL 

SELECT query [ESWC 
Workshop 2012]

Evaluation of performance gain of 
pre-aggregated values for 
analytical query processing over 
RDF [ESWC Research 2013]

Formalisation of implicit 
relationships between datasets 

based on rules for data integration 
[EKAW Research 2014]

1 2

3 4

SPARQL 
Engine

OLAP-to-
SPARQL RDF

SPARQL

RDF
RDF

Part of 
Global Cube

Users
Metadata query
Analytical query

Analytical 
Interface

DatasetsHTTP/GET

RDF

Statistical 
Linked Data

MDM-QB 
Mapping

RDF
Aggregate Views

Complex
Correspondences
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Open Questions

How to extract more background information?
How to efficiently query global cube?
How to model more complex domains?
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Open Questions

How to extract more background information?
How to efficiently query global cube?
How to model more complex domains?

?

??

?

“42”
Douglas Adams. The Hitchhiker's Guide 
to the Galaxy
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Thank you!
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Backup: Evaluation Results (1)

0
5

10
15
20
25

Q1.1 Q1.2 Q1.3 Q2.1 Q2.2 Q2.3 Q3.1 Q3.2 Q3.3 Q3.4 Q4.1 Q4.2 Q4.3

ROLAP joins
OLAP4LD joins

0,00

50,00

100,00

150,00

200,00

Q1.1 Q1.2 Q1.3 Q2.1 Q2.2 Q2.3 Q3.1 Q3.2 Q3.3 Q3.4 Q4.1 Q4.2 Q4.3

ROLAP
OLAP4LD

SPARQL overall 12 times slower than SQL for executing all queries?

Hypothesis: Numerous joins for [QB] hierarchies

544.5

SQL            
SPARQL  

SQL joins
SPARQL joins

B. Kämpgen, A. Harth – Star Schema Benchmark with SPARQL and RDF Aggregate Views



Institute of Applied Informatics and 
Formal Description Methods (AIFB)

67 2015-02-25

0
100000
200000
300000
400000
500000

Q1.1 Q1.2 Q1.3 Q2.1 Q2.2 Q2.3 Q3.1 Q3.2 Q3.3 Q3.4 Q4.1 Q4.2 Q4.3

Number of
lineorders in
view

Backup: Evaluation Results (2)
SPARQL-M overall 2 times slower than SPARQL

Hypothesis: SPARQL-M scans all lineorders although view contains fraction

0

200

400

600

Q1.1 Q1.2 Q1.3 Q2.1 Q2.2 Q2.3 Q3.1 Q3.2 Q3.3 Q3.4 Q4.1 Q4.2 Q4.3

OLAP4LD
OLAP4LD-M

3,313,191 4,178,699

RDF Store
RDF Store-M
SPARQL       
SPARQL-M  

Kämpgen - Integration and Analysis of Multidimensional Datasets from the Web


	Foliennummer 1
	Imagine… (1)
	Imagine… (2)
	Imagine… (2)
	Imagine… (3)
	Statistical Linked Data – �Number
	Statistical Linked Data – �QB Observation and Dataset 
	Statistical Linked Data – �Dimensions
	Statistical Linked Data – �Dimensions
	Outline
	Problem
	Research Questions
	Research Questions
	Integrating Datasets
	Integrating Datasets
	Research Questions
	Using SPARQL for Analytical Queries
	Research Questions
	Pre-Aggregating Values
	Research Questions
	Deriving Values
	Deriving Values
	Outline
	Contributions
	Contributions
	RDF Aggregate Views – �Problem & Approach
	RDF Aggregate Views – �Problem & Approach
	RDF Aggregate Views – �Problem & Approach
	Evaluation Results – �SQL vs SPARQL 
	Evaluation Results – �SQL vs SPARQL
	Evaluation Results – �SPARQL vs SPARQL-M
	Evaluation Results – �SPARQL vs SPARQL-M (2)
	Evaluation Results – �SPARQL vs SPARQL-M (2)
	Evaluation Results – �SPARQL vs SPARQL-M (3)
	Contributions
	Complex Correspondences – Problem
	Complex Correspondences – Approach (2)
	Complex Correspondences – �Query Evaluation
	Complex Correspondences – �Query Evaluation
	Complex Correspondences – �Query Evaluation (2)
	Complex Correspondences – �Query Evaluation (3)
	Outline
	Related Work
	Related Work
	Related Work
	Related Work
	Related Work
	Outline
	Application
	Application
	Analyst Assessing Mastercard  – Overview 
	Analyst Assessing Mastercard  – Zoom-In
	Analyst Assessing Mastercard  – Zoom-In
	Analyst Assessing Mastercard – Details
	Analyst Assessing Mastercard – Details
	Analyst Assessing Mastercard – Details
	Outline
	Summary of Results
	Open Questions
	Open Questions
	Thank you!
	References
	References (2)
	References (3)
	Own Publications
	Backup: Evaluation Results (1)
	Backup: Evaluation Results (2)

