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INTRODUCTION

Motivations

© Building a transparent and accountable government through available
open statistical data sources on the Web.
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INTRODUCTION

Motivations

© Building a transparent and accountable government through available
open statistical data sources on the Web.

@ However, current statistical data sources are used only for humans
but not for machines (or software agents), which have limitation on
finding insight of data correlations across subject-domains.

© The truth is that multiple statistical data sources are hard to consume
simultaneously by humans.

@ We need an environment which without too much human intervention
for (statistical) data publishing, accessing, dissemination, filtering,
capturing, integration, reusing, and visualization.

@ Unfortunately, this vision is far from complete.
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INTRODUCTION

Major Challenges and Solutions

MAJOR CHALLENGES SOLUTIONS
@ Syntactically, open government
statistical data are offered in
heterogeneous formats.
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@ RDF(S)-based ontology is used
to express the statistical data
format and also describe its
semantics.

@ Link Open Data (LOD)
principles allow data integration
from multiple sources by
machines.
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INTRODUCTION

Major Challenges and Solutions

MAJOR CHALLENGES

@ Syntactically, open government
statistical data are offered in

heterogeneous formats.

@ Semantically, these statistical

data lack clear semantics to

describe what they really mean

@ So statistical data are limited for
integration, analysis, reuse, and

visualization.
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SOLUTIONS

RDF(S)-based ontology is used
to express the statistical data
format and also describe its
semantics.

Link Open Data (LOD)
principles allow data integration
from multiple sources by
machines.

W3C’'s RDF data cube with its
extension allows effective
statistical data integration and
reuse.
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INTRODUCTION

Research Goals and Contributions

RESEARCH GOALS CONTRIBUTIONS

@ Investigating current research
status about semantic statistics.
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INTRODUCTION

Research Goals and Contributions

RESEARCH GOALS CONTRIBUTIONS

@ Investigating current research @ Finish semantic statistics
status about semantic statistics. research survey.

© Exploiting seamlessly statistical @ Design and implement the
data exchange and integration processes of statistical data
techniques. access and reuse from multiple

@ Verifying the feasibility to realize data sources.
semantic statistics concept. @ Establish a preliminary virtual

@ Implementing a statistical data platform for effective statistical
data integration.

integration and query platform. ) J
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Related Work

Related studies are:
e OnLine Analytical Processing (OLAP) [5] [9].
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Related Work

Related studies are:

e OnLine Analytical Processing (OLAP) [5] [9].

e Statistical Data and Metadata EXchange (SDMX) [3] [8].

e Linked Open Data (LOD) [1] [12].

@ The Statistical COre VOcabulary (SCOVO) [2] [6].

e The RDF Data Cube Vocabulary [14]
RDFising and Interlinking the Eurostat Data Set Effort (RIESE) [4].
Semantic Web Integrator and Query Engine (SemWIQ) [11].
Virtual (Statistical) Data Integration Platform [10].
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MULTI-DIMENSIONAL SEMANTIC DATA CUBE

W3C RDF Data Cube

@ Information Model for RDF D

s campanent

ata Cube [14]
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MULTI-DIMENSIONAL SEMANTIC DAT.

W3C RDF Data Cube

e Information Model for RDF Data Cube [14

ap component

b

[R—— ab:componentroperty <]

*
SRS b siceSUucture

Go-oraer ed

bocioan

b dotazer
csice
[ b ausice
b omservation
aomerarion

F

@ Builds upon the following existing RDF vocabularies
SKOS for concept schemes

SCOVO for core statistical structures

VoiD for data access

FOAF for organisations

Dublin Core Terms for metadata
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RDF Data Cube with its Extension

@ Data Cube Extension for Integration and Reuse

garhasPartOf

| soExDaasouce | [ sa:Dacuberactor ng:l:vrchlaA.iml‘\/\ srhasSameAs
- - rdfs: subClassOF
T Dimeeion i 2q:DimensionCategory

o Datalube ‘hasDimension]

gylevellndex : xscint

Of i £q: Affribute
/] gq:toThonsandth — gairate :String

‘aqrexchangeRelation
prefix gb: <Http:/purl org/linked-data/cube#> rdfs:subClassOf
prefix gq: <htp://sw.cs.nccu.edu.tw/gdig#>
profix rdfs: <http:Hwww.w3.0rg/2000/0 1/rdf-schomat>

Integration Library
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MULTI-DIMENSIONAL SEMANTIC DATA CUBE

RDF Data Cube with its Extension

@ Data Cube Extension for Integration and Reuse

|

: " | sahasParOf
| soExDaasouce | [ sa:Dacuberactor |f;g‘=w;§;“"5;“\l e
< y: 5:subClass
gq:Dimension 2a:Dii ionCategory
oo
slevellndex : xsdiint
eqiincludeOf sohusAttribute o] g Aftribute
nangeRMation < gatoThousandth— gqirate :String
‘2q:exchangel tion < '— B
prefix qb: <Hitp://purl org/linked-data/cubest> rdfs:subClassOf

prefix 2q: <http://sw.cs.nceu.edu.tw/edig>
profix rdfs: <http:Hwww.w3.0rg/2000/0 1/rdf-schomat>

Integration Library

e Some facts
» RDF data cube do not provide vocabularies for data integration and

reuse from multiple sources.
» RDF data cube and its extension only provide vocabularies for domain

independent ontology descriptions.
» We still lack annotation and query environment for insight discovery

from statistical data correlations across subject-domains. t “
o
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SDMX vs. SCOVO/RDF Data Cube

Statistical Data
Expression

SCOVO
RDF Data Cube

=l B
30

SDMX (Core)

XML Based SDMX-RDF " RpE(S) Based
A * UK government data
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RE IMPLEMEN

Statistical Data Integration Processes and Framework

T 7 3 7 E G 7 g 5
Data Cobe | Dota Cae | 80 G Query \ Find Targe | Buid Query | Disbud | G Original | 7

Mapping | Registering W Condition Cube Synia. Query Results Rcb;:ludlllng
[ Create Cube Process [ Query Process [ BuldResultProcess |
>
456 ¢ o T
Query Module Reorganize Module
| 4 244
i b e At 3
8 8 v
v -
‘Wrapper ‘Wrapper v

RDB x Integration

Library

<% Data Cube Mapping ——3 Query Process — — _p References

— — —» Data Cube Registering —— Build Result Process
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MORE IMPLEMENTATION DETAILS

A Simple Example for Data Correlations Discovery

Average silary

Mining and Querrying Manofacturing Financial and Insurence

Ji— Annual | Aol Jr— Amual
growth(%) owlh(%) arowth(%)
(108 B4 B A 01 AN S
109 44 § 4] 20 03
@1 4y T
Ny 43 18] gy 0
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MORE IMPLEMENTATION DETAILS

A Simple Example for Data Correlations Discovery

Average silary
Mining and Querrying Manofacturing Financial and Insurence
Ji— Annual | Aol Jr— Amual
growth(%) owh(%h) growth(%)

(108 B4 Al 01
109 44 14 4]
@1 uﬂ i X
i 41303 13 1fl

(NCCU)

The index of i i
Vining and Quanying Mamifacturing Flectricty and Gas Supply
The index of ):;""‘:k" The ndesof A"":t:m The index of ""‘“"h
industral "gm""h" industral "';'D"m indstrial "':dm";h'
oductio ducton oducto
ol e | ™ es) | "™ | e
amg X G WL 18]
w9 4| 4 RI[[_197 R
2010 §.25 1494 Y| 10281 509
211 §0.09) 3 132,68 BE| 105.07] 2)
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ORE IMP:

A Simple Example for Data Correlations Discovery

Avenge sy The index ofindustrial production
Mining and Quarying Manufactuing Financialand Insorane Mining and Quaning Manufactuing Electriity and Gas Supply
Al Aul Al heinderot| ™ heindesor | ™ | Theingeror | A
Averagesalary ) I Averag salary st | PPN | | Podton | | Producion
growh(h) growth(h) arowh() R B gt B
- . production prducton prducton
(108 H4) U 01 AN nte(%) nte(%) nte(%
. 208 B 40 66| -1 N
A 464 ] 1) 209 74| 4 ([ 9] IR
Al 495 phi 3% 2010 o5 w4 08 50
m 09 16l 440 05 2on1 80.09] 3 132,68 | 105,07 1)
Number of Enterpriscs and salcs
Countof | Total amount of sales
companics | _(Thousand of NTD)
[B.Mining and Quarrying 1314 4,
200001 [C. 120,0%6]| 166.457.893
ID.Electricity and Gas Supply 369] 30,214
B Mining and Quarrying mﬂj 6,187,706
200002 [C i 123700 LI15,160.731
ID.Electricity and Gas Supply 368 §6732.159
B Mining and Quarrying 1309 B
200905 |C i 123349 210905779
ID.Electricity and Gas Supply 369] 52463
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ORE IMP:

A Simple Example for Data Correlations Discovery (conti.)

Annual production Total amount of
Average salary

growth rate sales
2009 32,519 79[ 10,502,913
2010 33.383 234 13474671
2011 33,901 5.9 13,954,562
Average salary Total amount of sales
34500 — 18,000,000
34000 7 16,000,000 -
33,500 7
33,000 14,000,000 - e Total .
000 | otal amoun
22500 | —4—Average salary 12,000,000 i
32,000 10,000,000
31500 +— 17— 8,000,000 -+
2009 2010 2011 2009 2010 2011
Annual production growth
rate
s+
60 +—m
45—
30 == Annual
15 production
o growth rate
[P B
30 1
2009 2010 2011
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Mapping from RDB/Excel to RDF

Dimension Property  Measure Property ~ Attribute Property
AN \ ,
P Y e ’

Date Industry Caﬁwanies Amount Fields

2009 Manufacturing 129956 | 13111206 |-,

o Records
I e B I
natural gas supply
egreel aqb:Observation; egrec? agb:Observation;
gdiordlm}wzl]m:'m': gdlq-dimrns}an:])m“lﬂl(]';
i imensonlndusty Mamfcturing’; g industy El dnaunl s
eligatributerunit “Companies” ; supl
edigrmeasurervalue 129956 adigatributcunit “Companics™ ;
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Mapping from RDB/Excel to RDF

Dimension Property  Measure Property ~ Attribute Property
AN \ ,
P Y e ’

Date Industry Caﬁwanies Amount Fields

2009 Manufacturing 129956 | 13111206 |-,

o Records
I e B I
natural gas supply
egreel aqb:Observation; egrec? agb:Observation;
gdiordlm}m e "2009"; gdlq-dimrns}an:])m“lﬂl(]';
i v Manufacturing’, i industy "El d natural s
algatrboeut “Compries syl

edigrmeasurervalue 129956 adigatributcunit “Companics™ ;

adig-measurevalue 415
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Dimension Proy Attribute Property

- N |

- L |

s Pupose ™\ Residence |

Due & Buies | Torsm | Vit S\ Jpn | USA
Thousand | Thousand |

Thousand | Thousand Hnmnd'

People People Peaple Peaple People
2009 9% 2298 414 1,001 369
00 |, 98 346 497 1080 3%
|
Measure Property
cgev] aghObsenvation; egev? agh-Obsenvation;
qbdataSet egdatasel; qbdataSet g dtasel;
adiq-dimension:Date "2009'; wdig-dimension:Date "2009';
adig-imension:Purpose "Business” adigimension Residence"Japa';
gdiqeattribute:unit " -

alig-measurealue 196;
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MPLEMENTATION DETAILS

Core Ontology for Semantic Statistics

DataCube_|

sghasDinension | gyhasitrbute gqhasDimension

/ AN aqlasPar0f
sqhashtrue
Eurpe aqhadimersion  People aghasDimension syhsDimension

aqhasDimension \ hasPar0f
L |

aqioThousndh

200

2qhasSameAs

As
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MORE IMPLEMENTATION DETAILS

Data Cube Dimensional Relationships

A Horizonial Relation

 Datasonnez | : : Dasouree

. itk
dnasin | | | limerson

[ hesPartOf hasPar0f

T I R . i
nessin? i | || dimsion B dnessn |

aM’ﬂ

|

&e

€s.neea @




RE IMPLEMENT!

Data Cube Dimensional Relationships

A Horizonial Relation B. Vertical Relation

D: 3

dimension 1

 Datasonnez | : : Dasouree

hasPartOf ~ hasPartOf

| A
cimension | ; N\ dimenson &

dimension 2 dimension 3
b RO )l
P hasPartOf hasParOf
nessin? dinsin? | s dmerson
T T dimension 4 dimension 5

>< Datasource 4
Tt mAs

(N

&

Y
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RE IMPLEMENT!

Data Cube Dimensional Relationships

A, Horizontial Relation B. Vertical Relation

D: 3

dimension 1

 Datasonnez | : : Dasouree 2

N
hasPartOf ~ hasPartOf
2 N

o [ )
cinensin D s

; ; dimension 2 dimension 3
WO RO g et <
Lo f hasPartOf _hasPartOf
dnson? dieasin’ ;| dimasion B dinerson ¢ AN
T T dimension 4 dimension 5

>< Datasource 4
Tt mAs

C. Exchange Relation

Attribute :

ThousandsPeople toThousandth—| Attribute : People
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MORE IMPLEMENTATION DETAILS

Measurement Transformation

Data cube | Data cube 2

3 -

" dimension T +hasSameAs— dimension X |

New Hyper Cube

[

dimension T




MORE IMPLEMENTATION DETAILS

Measurement Transformation

Daa cube | Data cube? Now Hyper Cube Data cube | Data cube 2 New Hyper Cube
- N i c 111000
W“MWEAHW dimension T o
Attribute A +toThousandih— Atribute B Atribute A

z 0
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ENTATION DETAILS

Measurement Transformation

Data cube | Data cube 2 New Hyper Cube Daacbe | Datacthe N Hper e
& 7 777
] (RS T
" dimension T #hasSameAs— dimension X | dimension T
Attribute A +toThousandth— Attribute B Attribute A
New Hyper Cube

Data cube |

+’l'? ez

i o

T PQR

Dimension T —*t
hasPartOf TasParf dimension T
N imension
= Q

Data cube 2

DimensionP | "M1O" | DimengionR
€s.neea

Dimension Q
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Query Interface

Select Dimension

var unt

Vi hUpi//swecsaccuedu w/mdip.r dr#Asia
Vi heepy//sw.cs.necu.edu.tw/mdip.rdf#Lurope
V2 hupy//sw.csaccuedu. Ww/mdip.r dF#ROC_S9

selecr Darasource

URT

PREFDS raf: <D/ /i w300/ 1999/07/77 £ synrax nss>
prefix da: <http://purl.ora/linked-data/cubas

SELECT 20b w1 ?v2 ?val 2ally

W
7ok dq:dimension 7dim1
bk dg:dimension 7din
26h 2att 2artv

B

Got || Resel

Selecr Arribure

Var URD

attv  hupe//s: u.tw/mdip. rdfs

Registered Data Cubes
Endpoint
e —
http://localhost:2021/sparal  [[Unreaister |
it lncalnest: 2072 /paral
http://localnost:2023/sparal [[Unreaister |

Register by SPARQL endpuint:

hup://

Register




USION AND FUTURE WORK

Conclusion

@ We have designed and implemented a process for statistical data
access and reuse from multiple public data sources.
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CONCLUSION AND FUTURE WORK

Conclusion

@ We have designed and implemented a process for statistical data
access and reuse from multiple public data sources.

@ We have built an infrastructure for (statistical) data accessing,
capturing, integration, reusing, and simple visualization without too
much human intervention.

@ A preliminary semantic middleware platform has been established to
realize the semantic statistics concept for effective virtual integration
and discover insight of data correlations across subject-domains.
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CONCLUSION AND FUTURE WORK

Future Work

@ Experiment on more empirical open government's statistical datasets
to verify the feasibility of semantic statistics integration concepts.

@ Offer an annotation and query environment for various domain
experts to interpret and annotate their insight of statistical data
correlations discovery across subject-domains.

© Establish a process to access and reuse direct big data instead of
indirect statistical datasets to realize the semantic statistics
integration concept without violating the data protection principles.
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