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The Web

 Huge amounts of information on the Web.
 Mostly for consumption by humans who must:
* Recognize the meaning behind content and draw conclusions
* Infer new knowledge using context
* Understand background information
 Manually link to other related sources

Germany — Wikipedia

de.wikipedia.org/wiki’Germany

Germany ist: die englische Bezeichnung fiir Deutschland. Germany (Mondkrater), ein
Mondkrater; Germany (Rapper), deutscher Rapper. Zudem steht der Name ...

Atide  Talk Read Viewsource View history Q

Germany g *

From Wikipedia, the free encyclopedia

Germany - Wikipedia the free encyclopedia
en.wikipedia.org/wiki’Germany - Diese Seite Obersetzen

This articie is about the country. For other uses of terms redirecting here, see Germa

an) and Deutschiand (disambig

y (disambigu

Germany (4)!/dgammanih oficiaik tha Eadaral Ranihiic of Carmany (German Bundesrepublik Deutschiand, SRS oot Song of the Germans. Location of Germany (dark green)- in Europe (green & dark
Wn:mmm; J f J,_“m!k.m republic inwest 1,‘25‘7:]2: pe The Bundesrepublik Deutschiand grey). Location of Germany (dark green). — in Europe (green & dark grey) ...

country consists of 1 eriin. Germany covers an area of 3 square R . R

kilometres (137,847 2l climate. With 81.8 million inhabitants, it is the most Flag of Germany - History of Germany - Geography of Germany - German cuisine
populous member s g ajor poltical powers of the Ewropean continent and a

technological leade! Tourism in Germany — fravel, breaks, holidays

www.germany.travel/ - Diese Seite (ibersetzen
Tourism in Germany — travel, breaks, holidays. ... BMWi Logo Germany, the travel
destination. Towns, cities & culture Towns, cities & culture; Leisure and ...

Aregion named Ge les, was documented before AD 100. During the
Migration Period, th RN established successor kingdoms throughout much of
Europe Beginning i ks 1 central part of the Holy Roman Empire [°] During
the 16th century, nor W A the Protestant Reformation while southem and
wesemparsemar W LI ITPEIDIA atons, winvetwotactins casnngintne s
Years' War, marking me beginning of ne U ant anvide that has characterized German society ever
since ] Occupied during the b 5 inside the German C

resuked in 1871 in the unificat shich we

Startseite: Das Deutschland-Portal

www.deutschland.de/

deutschland de ist das offizielle und unabhangige Portal der Bundesrepublik Deutschland
im Internet. Es bietet in fiinf Sprachen eine Sammlung wichtiger ...

‘an Germani

n Empir

7/6/2015 DW & OLAP on the Semantic Web 4



The Classic Web

Single global information space
* URLsas
* Globally unique IDs
* Retrieval mechanism
e HTML as shared content format
* Hyperlinks

Web
Browsers

Shortcomings
 Contentis not well structured
* Cannot ask expressive queries
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What do we want?

Use the web as a
single global
database
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Today: the “syntactic” web

2844 400 =
El [ — Fonte o

The 14th International Semantic Web Conference
October 11-15, 2015

resource

Langs Unwarsty Caraestandson the e o h ref
Sout Noatain Founded i 1885, Lahgh
w

resource
resource

.....

Welcome

resource

resource
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Today: the “syntactic” web

resource

resource

resource

‘5 SWSA
B LEHIGH

Can we answer “Last ISWC Conference held in a city with more than 1000 K people” ?
(i.e., complex queries involving background knowledge)
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Example (with the “syntactic web”)

- “Companies which produce(d) telephones”
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We obtain...

B8 ¥ A 480

(- @ https;//www.google.com.ar/search?sclient=psy-ab&biw=1024&bih=702&q=companie: 7 C' | ‘ Q search

|2 Most Visited @ Getting Started = Monetdb Intro PPT | ! LinkedIn: Informatica P.. M Reviews of Submission... =y Virtuoso SPARQL Quer... . Tuneln: Listen to Onlin...

<

Cerca de 177.000.000 resultados (0,16 segundos)

BKS Dubbing & Voice Over - StudioBKS.com

www.studiobks.com/ *

Premier Language Dubbing Studios. Subtitling & Post Video Production. China Ph_one_
www.made-in-china.com/ ~

Contact Us Subtitling Improve Your Business ROl - Get A
Dubbing Our Services Better Deal On Bulk Phone

History of mobile phones - Wikipedia, the free encyclopedia Telephone Manufacturers

en.wikipedia.org/wiki/History_of_mobile_phones ~ Traducir esta pagina www.sztymin.cn/ ~

Motorola was the first company to produce a handheld mobile phone. ... eventually OEM/ODM telephone factory

superseded by Digital AMPS (D-AMPS) in 1890, and AMPS service was shut .. 20 years manufacturing experience

Predecessors - Early services - Emergence of automated services
Phones Manufacturers

Category:Mobile phone manufacturers - Wikipedia, the free _.. www.globalsources.com/Phones ~
en.wikipedia.org/.../Category:Mobile_phone_manuf... ~ Traducir esta pagina Reputable, Reliable & Innovative
Portal icon - Companies portal . The main article for this category is List of best-selling Wide Product Range. Inquire Now
mobile phones ... D. = Defunct mobile phone manufacturers (17 P). Pages in category

"Mobile phone manufacturers”. The following 130 pages are in this ... telephone manufacturers

www.hktde.com/ ~
Free Sourcing Platform, Suppliers

Mobile phone - Wikipedia, the free encyclopedia From China, HK & Asia. Click In Herel

en.wikipedia.org/wiki/Mobile_phone ~ Traducir esta pagina
In 2014, the top cell phone manufacturers were Samsung, Nokia, Apple, and LG. ... Mira tu anuncio aqui »
video content that has been produced exclusively for mobile phones.

History of mobile phones - Cell Phone (film) - Motorola DynaTAC - Martin Cooper

All Phone Manufacturers - Phone Arena
www.phonearena.com/phones/manufacturers ~ Traducir esta pagina

All cell phone manufacturers, from the major ones like Nokia, Samsung, LG, Motorola,
Sony Ericsson, BlackBerry, HTC, Apple to ones you haven't even heard ...

How telephone is made - material, production process ...
www.madehow.com » Volume 5 ~ Traducir esta pagina

Since there are so many different parts that go into making a telephone, the
1
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We would like....

Gox )gle “Companies who produce(d) telephones”

066 Semens C25 - Wikiped la, the free encyclopedia

o 1IM $imen - Wik peda, the free ancuclopedia
o TV a~l - l‘.‘--l. ‘ e

Cracts accosr @ Log v

Search

Ay Tak Resd Eft Edtsoums ~

WikipeniA M Stmont

The biex Facvdioek FO M0, T Ve eA0pedd

Q

Siemens C25

WIKIPEDIA. | ,

The Poee Ereyclopedis

™ 16V Sivor Personed Simon Persosal Comnunicater
The Slemens C25 is & mocde shom Siemens C25 Naw page Comrmirivaion was & Sendbod, = =
Nak page Frouosd by Semarein 1383k Consirss toechaonon celuly proce and
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Current svern 120 2780000 = w11 = dopth). s Parcom sac Corp. (15 #nd assertied urchr
Fandom stce chgday ta m 3 x 12-chasschr Corss o Wepeda cortract by Wbl Bectre Comp
morochrome LED. + rearscxce SetSosh Cofider Cop. doirtuted
The pacees Barery powers Be s 1 ma el s
el phose for 300 minutes tak Sme, o Aboat Widpets Augpast, 3884 aad Fabruary 1806,
Asost Wkseds 1512 180 o £ lek i s by e a0deg 50,000 Unds. The Simon
Coavvanty soma mode. 115 @ duxkband mobiie :""':"" Fersoas) COTITUnicany was 19
Foosw onorgis phase, spporting both GEM 500 ’ fret catuda’ phone B inchce
Coosyt Wiiged and GEM 1830 setwark heguiencios ' Cockea telophons and FOW Setuses inore
b N sspports op 82 21 monophane ) Presesca QPAGH. ARRSUDE Ty T
R fngonas. 1 2k (ppons SMS5 Sumarphorw’ had act bess coned
» Prevegat sarddng and recwerg 1 * Laguages 0 4 vwireof he Srorarcsse,
| Mawtacturer  Sevew Prrgehe Dacanse of 15 Yerures and {
LR rereitan e Geven ree e Seand am
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Problem: The web today looks like...
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What is missing?
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What is the Semantic Web, then?

The SW can be thought as a collection of standard technologies
to implement a Web of Data.

Formal languages to describe and query the data and their connections
Formal rules that allow machines to extract information from data
Ontologies and vocabularies must be created to describe data
Corresponding technologies and efficient tools

B wnN e
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[ [ , [ [
Sir Tim’s Vision
- TBL's vision of the Web was much more ambitious:

"I have a dream for the Web (in which computers) become ca-
pable of analyzing all the data on the Web - the content, links,
and transactions between people and computers.
A Semantic Web, which should make this possible, has yet to
emerge, but when it does, the day-to-day mechanisms of frade,
bureaucracy and our daily lives will be handled by machines talk-
ing fo machines. The intelligent agents people have touted for
ages will finally materialize.” (Berners-Lee, 1999)

The Semantic Web is a 'web of data’ that facilitates machines to understand the
semantics, or meaning, of information on the WWW. It extends the network of hy-
perlinked human-readable web pages by inserting machine-readable metadata
about pages and how they are related to each other, enabling automated agents

to access the Web more intelligently and perform tasks on behalf of users

The term Semantic Web was coined by Berners-Lee,
now the director of the World Wide Web Consortium (W3C), which

oversees the development of proposed Semantic Web standards.
7/6/2015 DW & OLAP on the Semantic Web 15



The Web: Evolution
Web of Documents » Web of Data

Hyperlinks Typed Links

"Documents” "Things"

How do we achieve this?

716/2015 DW & OLAP on the Semantic Web
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A First Approach: Web APIs

Provide simple query access to structured data over http

: |
&, [

m MusicSearch | amm®

7/6/2015 DW & OLAP on the Semantic Web
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Web APIs

* Conseguence: An explosion of small specialized applications that
combine data from several sources (mashups) => each new dataset = a
new application

Positive:
Mashup

Up

APIs expose structure data
/ \ APIs enable new applications

S Web Negative:
API API

Proprietary interfaces
i ]\ Mashups based on fixed set of sources

@ C Cannot set hyperlinks between objects

7/6/2015 DW & OLAP on the Semantic Web 18




Linked Data

 Extends the web as a single global dataspace
* Using RDF to publish structured data on the web
* Setting links between data items within different data sources

RDF RDF

RDF
links

RDF / ROF |+~ | RDF / ROF [+~ | ROF
RDF RDOF | ™| RDF —~——

RDF

links

ﬁ-
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Linked Data Principles

Set the best practices for publishing structured

data on the web

1.
2.
3.

7/6/2015

Use IRIs as names for things u

Use HTTP IRIs so that users can look up those names

When someone looks up an IRI, provide useful information,
using the standards (RDF, SPARQL)

Include links to other IRls, so that users can discover more
things (e.g., though RDF statements that link to other IRIs)

DW & OLAP on the Semantic Web
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Typical architecture

2 SPARQL |
Publishing
Integrated
+ Data Set
3
©
S )
a
Vocabulary o ‘
Mapping L Interlinking o Cleansing
C
o
® HTML Spreadsheets
=
a

7/6/2015

DW & OLAP on the Semantic Web

Task: Integrate
information into an RDF
database

Data may be available in
non-RDF formats:

Plain text
CSV, TSV files
HTML tables
Spreadsheets
XML

JSON
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Kinds of data

CSV

The Beatles, 250 million

Elvis Presley, 203.3 million
Michael Jackson, 157.4 million

Madonna, 160.1 million
Led Zeppelin, 135.5 million

Queen, 90.5 million

JSON

"artist": {
"class": "artist",
"name": "The Beatles"
b,
"rank": 1,
"value": 250 million

7/6/2015

HTML tables

Country Period

Release-

Artist year of first

of origin active charted (
record
1960— 1962 Total available certified units:
1970 250 million
1954— 1954 Total available certified units:
1977 203.3 million

United 1964—

States | 2009 e 157.4 million
United 1979- 1982 Total available certified units:
States present 160.1 million
United 1968- 1969 Total available certified units:
Kingdom | 1980 135.5 million
United 1971- 1973 Total available certified units:

Kingdom | present 90.5 million

http://en.wikipedia.org/wiki/
List_of best-selling_music_artists

DW & OLAP on the Semantic Web

Total available certified units:
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http://en.wikipedia.org/wiki/Music_recording_sales_certification
http://en.wikipedia.org/wiki/List_of_music_recording_certifications
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/The_Beatles
http://en.wikipedia.org/wiki/United_Kingdom
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/Elvis_Presley
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/Michael_Jackson
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/Madonna_(entertainer)
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/Led_Zeppelin
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/Queen_(band)
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists
http://en.wikipedia.org/wiki/List_of_best-selling_music_artists

Extracting the Data

* Data may be stored in many formats

‘: = ~ g
: é : ”",,, 7
Spreadsheets  patabases text

or tabular data
f T
l

Refinew Wi @ & -
IBpediasjpailsit

R2RML
Direct Mapping

716/2015 DW & OLAP on the Semantic Web
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Typical architecture

 Task: Integrate latest

(7))
SPARQL : L
§ £ Q d information into an RDF
3) ndpoint
. T publishing database.
* Data may be available in
Integrated non-RDF formats:
Yo Data Set
* — Plain text
8
g 1 ) — €SV, TSV files
(@)
_I —
V&(;abl::]ary & Interlinking &+ Cleansing HTML tables
PPIng — Spreadsheets
(@]
= - — JSON
=
& L/m HTML Spreadsheets — MD data?
®
©
@)
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Extracting the Data

* Data may be stored in many formats

Spreadsheets  patabases

or tabular data / T

oben _ /Zemanta
Refinew» Wi @ N =
R2RML IBpediaSjoalffi

Direct Mapping

716/2015 DW & OLAP on the Semantic Web
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Publishing Linked Data: Vocabularies

Collections of defined relationships and classes of resources.

* Classes group together similar resources.

Terms from well-known vocabularies should be reused
wherever possible.

New terms should be defined only if you can not find required
terms in existing vocabularies.

* This is the case of QB40OLAP

7/6/2015 DW & OLAP on the Semantic Web 27



Publishing Linked Data: Vocabularies

Some well-known vocabularies

Vocabulary

Friend-of-a-Friend (FOAF)
Dublin Core (DC)
Semantically-Interlinked
Online Communities (SIOC)

Music Ontology (MO)

Simple Knowledge
Organization System (SKOS)

7/6/2015

Description

Vocabulary for describing
people.

Defines general metadata
attributes.

Vocabulary for representing
online communities.

Provides terms for describing
artists, albums and tracks.

Vocabulary for representing
taxonomies and loosely
structured knowledge.

DW & OLAP on the Semantic Web

Classes and Relationships

foaf:Person, foaf:Agent, foaf:name,
foaf:knows, foaf:member

dc:FileFormat, dc:MediaType,
dc:creator, dc:description

sioc:Community, sioc:Forum,
sioc:Post, sioc:follows, sioc:topic

mo:MusicArtist, mo:MusicGroup,
mo:Signal, mo:member, mo:record

skos:Concept, skos:inScheme,
skos:definition, skos:example

28



Publishing Linked Data: Vocabularies

SKOS

* Simple Knowledge Organization System
— http://www.w3.0org/TR/skos-reference/

 Data model for knowledge organization systems (thesauri,
classification scheme, taxonomies)

» SKOS data expressed as RDF triples

* Allows the creation of RDF links between different data sets
with the usage of mapping properties

7/6/2015 DW & OLAP on the Semantic Web 29



Publishing Linked Data: Vocabularies

SKOS: Mapping properties

* Used to link SKOS concepts (particularly instances) in different
schemes:

— skos:closeMatch: Links two concepts that are sufficiently similar
(sometimes can be used interchangeably)

— skos:exactMatch: Indicates that the two concepts can be used
interchangeably. Axiom: It is a transitive property

— skos:relatedMatch: States an associative mapping link between
two concepts

7/6/2015 DW & OLAP on the Semantic Web 30



Linking the dataset

* owl:sameAs

* Creates links between individuals

e States that two URIs refer to the same individuals
* rdfs:seeAlso

» States that a resource may provide additional information
about the subject resource

 Example: Links in MusicBrainz:
— owl:sameAs is used for music artists

— rdfs:seeAlso is used for albums ﬂﬂ

MusicBrainz

7/6/2015 DW & OLAP on the Semantic Web 31



Publishing MD Linked data

* OLAP (On-line Analytical Processing) allows analyzing huge
amounts of data for decision-making

 Multidimensional data are seen as data cubes (DC).

* Many situations where it would be useful to publish multi-
dimensional data on the web
— Publish existing ROLAP/MOLAP cubes on the web
— Create cubes on self-service basis from web and/or other data

— Modify public open data (e.g., World Bank, Eurostat) for OLAP analysis

— Link MD data to related datasets and concepts (e.g., Dbpedia, Open Street
Maps, etc.)

7/6/2015 DW & OLAP on the Semantic Web 32



Publishing MD Linked data

* Represent multidimensional data using Semantic Web standards
(eg: RDF, RDF-S)

— Publish and share multidimensional schemas and data instances
(e.g. open data, government data)

* Requirements:

— Alignment with Linked Data and Linked Open Data principles
e Standards:

— The Data Cube vocabulary (QB) provides means to do this using the
RDF standard.

— The model underlying the Data Cube vocabulary compatible with
(Statistical Data and Metadata eXchange) — SDMX

7/6/2015 DW & OLAP on the Semantic Web 33



Publishing MD Linked data

The Data Cube Vocabulary - QB [Cyganiak et al. 2012]

Oriented to statistical data analysis
Used to publish statistical data
W3C Recommendation January 2014

* However, QB...

7/6/2015

Does not directly support the classical multidimensional model for OLAP
Does not represent dimension structure

Does not bind measures to aggregate functions

Dimension hierarchies not accounted for directly

Consequence: OLAP operators are difficult to define over QB (see
Kampgen et al., ILD, ESWC 2012).

DW & OLAP on the Semantic Web 34



Publishing MD Linked data

QBA4OLAP: A vocabulary that enhances QB
— QB4OLAP: An RDF vocabulary that fully represents the classical
multidimensional model

— On top: A set of OLAP operators implemented as SPARQL queries

— To be usable we need:

— Build QB4OLAP cubes from QB cubes, allowing reusing published data
without rewriting the cube

— Methodology and algorithms that (semi-) automatically build the SPARQL
gueries that implement OLAP operators

— Query optimization

7/6/2015 DW & OLAP on the Semantic Web 35



Publishing MD Linked data

In this talk we will ...

7/6/2015

Explain the basics of MD data publication on the web
Describe QB

Show QB’s limitations when it comes to support MD data
Discuss QB4OLAP as an alternative to QB

Explain how to build OLAP cubes with QB4OLAP

Query QB4OLAP cubes
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Outline

* The Semantic Web

* RDF and SPARQL Basics

* Vocabularies for OLAP on the SW: QB and QB40OLAP

* Modeling Data Cubes on the Semantic Web using QB40OLAP
* Querying Data Cubes on the Semantic Web

* Summary

7/6/2015 DW & OLAP on the Semantic Web 37



Semantics on the Web

Semantic Web Stack
Berners-Lee (2006)

7/6/2015 DW & OLAP on the Semantic Web 39



Semantics on the Web

l User Interface & applications '

.

ontology: | | Rules:
OWL RIF

J Digital signatures,

Application specific recommendations

declarative-knowledge

Proof generation,
exchange, validation

Query language -

Expressive vocabulary -
(ontology) language

Simple vocabulary
(schema)

Basic data model

Syntactic basis .
Semantic Web Stack

Berners-Lee (2006)

XML
R Uniode
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Semantics on the Web

RDF — Resource Description Framework

Semantic Web Stack
Berners-Lee (2006)

7/6/2015 DW & OLAP on the Semantic Web 41



RDF: Resource Description Framework

 RDF is the basic layer of the Semantic Web stack

A data model based on graphs, that allows to describe resources
and represent relationships between them

e Basic building block: RDF triple
* Subject — a resource, which may be identified with an IRI
* Predicate — an IRI-identified specification of a relationship

* Object —a resource or literal to which the subject is related

7/6/2015 DW & OLAP on the Semantic Web 42



RDF: Resource Description Framework

Example

<http://musicbrainz.org/artist/b10bbbfc-cf9e-42e0-bel7-e2c3e1d2600d# >

\

<http://www.w3.0rg/2002/07/owl#sameAs> IRl - resource
<http://dbpedia.org/resource/The_Beatles>.

<http://musicbrainz.org/artist/b10bbbfccf9e-42e0-bel7-e2c3e1d2600d# >
<http://xmlns.com/foaf/0.1/name>
"The Beatles" .

T literals
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RDF Graphs

e Set of RDF assertions: Labeled directed graph
* Resources — Subjects and objects are nodes of the graph

* Predicates — A label for an arc, connecting subject to object

Predicat
Subject = > Object

716/2015 DW & OLAP on the Semantic Web
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RDF Blank Nodes

 RDF graphs can also contain unidentified resources, called
blank nodes:

http://www.w3.0rg/1999/02/
22-rdf-syntax-ns#type

<http://www.w3.0rg/2003/01/geo/
>'wg584_pos#Point>

<http://www.w3.0rg/2003/01/geo/
wgs84 pos#lat>

<http://www.w3.0rg/2003/01/geo/wgs
84 pos#long>

49.005 !

8.386
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RDF Turtle

* Turtle: Syntax to make RDF more readable

* Basically a textual representation of an RDF graph

 Many IRIs share same basis, then we use prefixes:

@ prefix rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@ prefix rdfs:<http://www.w3.0rg/2000/01/rdf-schema#>.
@prefix owl:<http://www.w3.0rg/2002/07/owl#>.

@ prefix mo:<http://purl.org/ontology/mo/>.

@prefix dbpedia:<http://dbpedia.org/resource/>.

We can use a unique base:

@base <http://musicbrainz.org/>.

716/2015 DW & OLAP on the Semantic Web
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RDF Turtle

e Shorthands:

@base <http://musicbrainz.org/>.
@prefix mo:<http://purl.org/ontology/mo/>.

<artist/b10bbbfc-cf9e-42e0-bel7-e2c3e1d2600d# > a mo:MusicGroup.

A 2 2
4 Equivalent ¢ .’
quivalen
/ Adds the base ! .
Is equivalent to: / /,  + 7 Adds the prefix

<http://musicbrainz. org/artlst/blobbbfc cf9e 42e0 be;? e2c3e1d2600d# >
<http://www.w3.0rg/1999/02/22-rdf- syntax ns#;ype>
<http://purI.org/ontoIogy/mo/Mu5|cGroup>.“

716/2015 DW & OLAP on the Semantic Web
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RDF Turtle

 When multiple statements apply to same subject they can be
abbreviated:

<artist/bleObbbfc-cf9e-42e0-bel7-e2c3eld2600d# >

Same subject

rdfs:label "The Beatles';

owl:sameAs dbpedia:The Beatles ,
<http://www.bbc.co.uk/music/artists/blebbbfc-
cf9e-42e0-bel7-e2c3eld2600d#artist> .

Same subject &
predicate
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RDF Turtle

* Data types and language tags for literals:

<recording/5098d0a8-d3c3-424e-9367-1f2610724410# > a mo:Signal;
rdfs:label "All You Need Is Love" ;
mo:duration "PT3M48S"Axsd:duration .

dbpedia:The Beatles
dbpedia-owl:abstract
"The Beatles were an English rock band formed (...) "@en,
"The Beatles waren eine britische Rockband in den (...) "@de .

* Also xsd:integer, xsd:decimal, xsd:double, xsd:Boolean, etc.
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Example

* Turtle document describing the relationship between Green
Goblin and Spiderman (from http://www.w3.org/TR/turtle/)

—Ebase <http://example.ocrg/> .
Eprefix rdf: <http://www.w3.org/l999/02/22-rdf-syntax-ns#> .
Eprefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
Eprefix foaf: <http://>mlns.com/foaf/0.1/> .

—  <¥green-goblin>
rel:enemydf <Fspiderman> ;

foaf:name "Green Goblin-

— T <#spiderman>
rel:enemydf <Fgreen-goblin> ;
a foaf:Person ;
foaf:name "sSpiderman”, "Yemomem-may="Eru .

7/6/2015 DW & OLAP on the Semantic Web

Eprefix rel: <http://www.perceive.net/schemas/relationship/> .

a foaf:Person ; # 1n the context of the Marvel universe
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IRIs

 Writing IRIs in Turtle

# A triple with all absclute IRIs
<http: //one.example/subjectl> <http://one.example/predicatel> <http://one.example/cbjectl> .

Ebase <http://one.example/> .

<subjecti> <predicatez> <objecti> . # relative IRIs, e.g. http://one.example/subjectz

BASE <http://one.example/>

<subject?> <predicatez> <objecti> . # relative IRIs, e.g. http://one.example/subject2
Bprefix p: <http://two.example/> .

pisubjecti p:predicate3 p:object3 . # prefixed name, e.g. http://two.example/subject3
PREFIX p: <http://two.example/>

pisubject3 pipredicate3 piobjectd . # prefixed name, e.g. http://two.example/subject3
Bprefix p: <path/> . # prefix p: now stands for http://one.example/path/
pisubject4 pipredicated piobjects . # prefixed name, e.g. http://one.example/path/subject4
Bprefix : <http://another.example/> . # empty prefix

isubjects :predicates :objects . # prefixed name, e.g. http://anocther.example/subjects
isubjecté a :subjecty . # same as :subjectd <htip://fwww.w3.org/1995/02/22-rdf-syntax-ns#Ftype> isubject? .
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Turtle: Blank Nodes

 Expressed as “ :” followed by a blank node label (a series of
name characters)

Eprefix foaf: <http://xmlns.com/foaf/0.1/> .

_talice feoaf:knows :bob .
_*bob foaf:knows :alice .

e Also:

Eprefix foaf: <http://>mlns.com/foaf/0.1/> .

# Someone knows someone else, who has the name "Bob™.
[] foaf:knows [ foaf:name "Bob™ ] .

7/6/2015 DW & OLAP on the Semantic Web
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Turtle: Blank Nodes

 The use of predicateObjectList within a blankNodePropertylList is
common for representing a series of properties of a node.

Eprefix foaf: <http://»mlns.com/foafjfo.1/> .
ra <http://xmlns.com/foaf 0.1/ /name> "alice" .

[ foaf:iname "Alice" ] foaf:knows [ ia <http://xnlns.com/foaf/0.1/knows> b .
foaf:name "Bob" ; b <http://xmlns.com/foaf 0.1/ /name> "Bob" .
foaf:knows [ b <http://xmlns.com/foaf 0.1/ knows> :c .

foafiname "Ewve” ] ; E
foaf:mbox <bobfexample.com= ] .

o <http://xmlns.com/foaf 0.1/ /name> "Eve" .
ib <http://xmlns.com/foaf /0.1 /mbox> <bobfexample.com> .
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Semantics on the Web

Semantic Web Stack
Berners-Lee (2006)
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RDF Schema (RDFS)

* Language for two tasks w.r.t. the RDF data model:
* Expectation — nominate:
* the ‘types’, i.e., classes, of things we might make assertions about

* the properties we might apply, as predicates in these assertions, to
capture their relationships.

* Inference — given a set of assertions, using these classes and properties,
specify what should be inferred about assertions that are implicitly made.
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RDF Schema (RDFS)

e rdf:Property - Class of RDF properties. Example:
mo:member - Indicates a member of a musical group.

e rdfs:domain - States that any resource that has a given property
is an instance of one or more classes.

mo:member rdfs:domain mo:MusicGroup .

e rdfs:range - States that the values of a property are instances of
one or more classes.

mo:member rdfs:range foaf:Agent .
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RDF Schema (RDFS)

mo:MusicGroup rdfs:subClassOf
foaf:Group .

Schema

Existing <artist/blebbbfc-cf9e-42e0-bel7-
fact e2c3eld2600d#_> rdf:type
mo :MusicGroup .

Inferred | <artist/bl@bbbfc-cf9e-42e0-bel7-
fact  €2c3eld260ed#_> rdf:type
foaf:Group .

We expect to use this vocabulary to
make assertions about music groups.

Having made such an assertion...

Inferences can be drawn that we did
not explicitly make
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RDF Schema (RDFS)

Resources and predicates with Some predicates with NO
(limited) inferences: inferences:

rdfs:Resource rdfs:comment

rdfs:Literal, rdfs:Datatype rdfs:label

rdfs:Class, rdfs:subClassOf rdfs:seeAlso
rdfs:subPropertyOf rdfs:isDefinedBy
rdfs:range, rdfs:domain
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Semantics on the Web

Semantic Web Stack
Berners-Lee (2006)
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SPARQL

SPARQL
* Declarative query language for RDF data
* http://www.w3.org/TR/rdf-spargl-query/
SPARQL Algebra

* The semantics of a SPARQL query execution
* http://www.w3.0rg/2001/sw/DataAccess/rq23/rq24-algebra.html

SPARQL Update

* Declarative manipulation language for RDF data

e http://www.w3.org/TR/spargl11-update/

SPARQL Protocol

e Standard for communication between SPARQL services and clients

* http://www.w3.org/TR/sparqll1-protocol/

716/2015 DW & OLAP on the Semantic Web
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SPARQL

 SPARQL: Simple Protocol and RDF Query Language
 Query language designed to use a syntax similar to SQL

* Four query forms:

e SELECT returns variables and their bindings
* CONSTRUCT returns an RDF graph specified by a graph template
* ASK tests whether or not a query pattern has a solution, returns yes/no

* DESCRIBE returns an RDF graph containing RDF data about resources
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SPARQL

 The syntax of a SELECT query is as follows:

e SELECT tells which components of the matches should be returned
« FROM (optional) indicates the sources for the data

 WHERE defines patterns to match against the data

* ORDER BY defines how to sort the selected matches
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SPARQL

* RDF triple: Basic building block, of the form: subject, predicate, object
Example:

dbpedia:The_Beatles foaf:name "The Beatles" .
* RDF triple pattern: Contains one or more variables.

Examples:

dbpedia:The Beatles foaf:made ?album .
?album mo:track ?track .
?album ?p ?o.

* RDF quad pattern: Contains the graph name: IRI or variable

Examples:
GRAPH <:g>{:s:p :0.}
GRAPH ?g {dbpedia:The_Beatles foaf:name ?0.}
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SPARQL Query

Main idea: Pattern matching

Queries describe sub-graphs of the queried graph

Graph patterns are RDF graphs specified in Turtle syntax, which contain
variables (prefixed by either “?” or “S”)

foaf:made
dbpedia:

> ?
The_Beatles Palbum

Sub-graphs that match the graph patterns yield a result

716/2015 DW & OLAP on the Semantic Web
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SPARQL Query

Query: names of the albums recorded by The Beatles

— — — — — — — ——— ————————— — — —— — — —— —— — — — — — —

- ~
{/ Data dbpedia: \\
The_Beatl
| foaf:made - foaf:made |
I Af:madel \ :
| <http:// <http:// <http:// |
| musicbrainz.org musicbrainz.org musicbrainz.org |
: /record/...> /record/...> /record/...> |
| dc:title l dc:title l dc:title |
| i |
\ IlHeIp!II Abbey "Let It Bell ,
\ Road" /
-~ - - - .,.,.,.,., ——————— d
Graph pattern Results
?album

TR foaf:made <http://musicbrainz.org...>
The Beatles <http://musicbrainz.org...>

<http://musicbrainz.org...>
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SPARQL Query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlIns.com/foaf/0.1/>

PREFIX dc: <http://purl.org/dc/elements/1.1/> \
PREFIX mo: <http://purl.org/ontology/mo/>

Prefix definitions
Unlike in Turtle, final period not used

SELECT ?title

FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The_Beatles foaf:made ?album .
?album a mo:Record ; dc:title ?title .

}
ORDER BY ?title
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SPARQL Query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?title * Data set specification:
FROM <http://musicbrainz.org/20130302> * FROM or FROM NAMED
(optional)

WHERE { * Indicates the sources for the data
dbpedia:The Beatles foaf:made ?album . against which to find matches
?album a mo:Record ; dc:title ?title

}

ORDER BY ?title
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SPARQL Query

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?title
FROM <http://musicbrainz.org/20130302>
WHERE {
dbpedia:The_Beatles foaf:made ?album.
?album a mo:Record ; dc:title ?title

}
ORDER BY ?title ~——

* Solution modifier:
* Modifies the result set: ORDER BY, LIMIT, OFFSET
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SPARQL

* Another example: names of the albums and tracks recorded by The Beatles

PREFIX dc: <http://purl.org/dc/elements/1.1/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>
PREFIX mo: <http://purl.org/ontology/mo/>

SELECT ?album_name ?track_title
WHERE {
<http://musicbrainz.org/artist/b10bbbfc-cf9e-42e0-bel7-e2c3e1d2600d# >
foaf:made ?album.
?album dc:title ?album_name ;
mo:track ?track .
?track dc:title ?track_title . }
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SPARQL Query

- - - - - """ """ """-""="”"F"F"="F"="F"”"F"”"”"¥F"="”"¥"¥"=”¥"¥"”¥"”¥"” ¥"” ¥""” ¥""” ¥"” "¥""”""”"”""”""”" "= IEN
{/ Data
I foaf:made foaf:made
I
I
I
I
| mo:track
: dc:title dc:title
I
\
N || e TR = -/

Results:
Graph pattern:

foaf:made ?album

<http://musicbrainz.org...>
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SPARQL

SQL

Based on relations (tables)

The relations (tables) to be matched over
should be indicated

(Retrieval) gueries produce a relation
from a relation

7/6/2015

SPARQL
Based on labeled directed graphs

Assumes a default graph
(The FROM clause populates this with
specific identified subgraphs)

SELECT queries produce a relation from a
graph

CONSTRUCT queries produce a graph
from a graph

ASK tests whether or not a query pattern
has a solution. Returns true/false.
DESCRIBE returns a single RDF graph
containing RDF data about resource

DW & OLAP on the Semantic Web 71



Query Form: SELECT

* Different types of filters and functions may be used

Filter: Comparison and logical operators

Query: Albums and tracks recorded by ‘The Beatles’, where the duration of
the song is more than 300 secs. and no longer than 400 secs.

SELECT ?album_name ?track_title ?date ?duration
WHERE {
dbpedia:The_Beatles foaf:made ?album.
?album dc:title ?7album_name ;
mo:track ?track .
?track dc:title ?track_title ;
mo:duration ?duration.
FILTER (?duration > 300000 && ?duration < 400000) }
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Query Form: SELECT

* Aggregates
* Calculate aggregate values: COUNT, SUM, MIN, MAX, AVG,...

* GROUP BY operator
* Prune at group level using HAVING

Query:  Retrieve the duration of the albums recorded by ‘The Beatles’ if
its is greater than 1 hour.

SELECT ?album (SUM(?track_duration) AS ?album_duration)
WHERE {
dbpedia:The Beatles foaf:made ?album .
?album mo:track ?track .
?track mo:duration ?track_duration .}
GROUP BY ?album
HAVING (SUM(?track_duration) > 3600000)
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Query Form: SELECT

* Duplicate elimination

Query: Retrieve the name of the albums recorded by ‘The Beatles’
which have at least two different songs.

SELECT DISTINCT ?album_name Result:
WHERE { ?album
dbpedia:The_Beatles foaf:made ?album . “Revolver”

?album dc:title ?album_name ;
“Sessions”

mo:track ?trackl ;
mo:track ?track?2 . “Abbey Road”
FILTER (?trackl != ?track2) }

716/2015 DW & OLAP on the Semantic Web



Query Form: SELECT

 Optional Graph Pattern
« OPTIONAL clause encloses the optional parts
 Addresses incompleteness in RDF graphs

* If the optional part does not match, it creates no bindings but does not
eliminate the solution

Query: List artists who made an album, and their pictures, if they exist

SELECT {
?artist ?picture }
WHERE {
?artist foaf:made ?album .
OPTIONAL {?artist foaf:depiction ?picture .}}

e |f thereis no picture, only the artist is listed
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Query Form: CONSTRUCT

// ___________________________________ — N
[ Data: dbpedia: \
| foaf:made The_Beatles foaf:made
: A:made l,
| <http:// <http:// <http://
| musicbrainz.org musicbrainz.org musicbrainz.org
| /record/...> /record/...> [record/...>
: dc:title l dc:title l dc:title l
I
\ "Help!" "Abbey Road" "Let It Be" )
\\ J
___________________________________ -
Query
dbpedia:
CONSTRUCT{ The_BeatIeS
, dc:creator dc:creator
?album dc:creator dbpedia:The_Beatles .} /Z \
Result » c:creator
WHERE { <http:// <http://
dbpedia:The Beatles foaf:made ?album .} musicbr:;\inz musicbrainz
>
>
<http://
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Query Form: CONSTRUCT

e Subsets of results
e Can combine the query with solution modifiers (ORDER BY, LIMIT, OFFSET)

Query: Produce the dc:creator descriptions for the 10 most recent
albums and their tracks recorded by ‘The Beatles'.

CONSTRUCT {

?album dc:creator dbpedia:The_Beatles .

?track dc:creator dbpedia:The_Beatles. }
WHERE {

dbpedia:The Beatles foaf:made ?album .

?album mo:track ?track ;

dc:date ?date.}
ORDER BY DESC(?date)
LIMIT 10
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Query Form: CONSTRUCT

* Regular expression filters over strings

Query: Create the dc:creator descriptions of the albums recorded by
‘The Beatles’ whose title contains the word ‘love’,

CONSTRUCT {?album dc:creator dbpedia:The_Beatles .}
WHERE {

dbpedia:The_ Beatles foaf:made ?album .

?album dc:title ?album_name.

FILTER (REGEX(?album_name, ".*love.*", i)) }

i: case insensitive indicator (optional)
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Query Form: CONSTRUCT

 Optional Graph Pattern
 OPTIONAL clause encloses the optional parts
 Addresses incompleteness in RDF graphs

* When the optional part does not match, no triple is created

Query: Create the dc:creator and dc:depicts descriptions of artists.

CONSTRUCT {
?album dc:creator ?artist .
?picture dc:depicts ?artist . }
WHERE {
?artist foaf:made ?album .
OPTIONAL {?artist foaf:depiction ?picture .}}
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Query Form: CONSTRUCT

* Sub-queries and Aggregate Values

* To combine the CONSTRUCT query form with aggregate values, a sub-
query should be created inside the WHERE clause

Query: Materialize the duration of the albums recorded by ‘The Beatles’.

CONSTRUCT {?album mo:duration ?album_duration . }
WHERE {

SELECT ?album (SUM(?track _duration) AS ?album_duration)
WHERE {

dbpedia:The_Beatles foaf:made ?album .

?album mo:track ?track.

?track mo:duration ?track_duration . }

GROUP BY ?album

HAVING (SUM(?track_duration) > 3600000)}
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Query Form: ASK

 Namespaces are added with the ‘PREFIX’ directive

e Statement patterns that make up the graph are specified between

brackets (“{}"’)

Query: Is Paul McCartney member of ‘The Beatles’?

ASK WHERE { dbpedia:The_Beatles mo:member
dbpedia: Paul_McCartney.}

Query: Is Elvis Presley member of ‘The Beatles’?

ASK WHERE {dbpedia:The_Beatles mo:member
dbpedia:Elvis_Presley.}

7/6/2015 DW-& OLAP-on-the-Semantic-Web

Result:

true

Result:

false

81



Query Form: DESCRIBE

Takes the resources in the solution, and provides information about them as
RDF statements. They can be identified by:

* Specifying explicit IRIs

PREFIX dbpedia: <http://dbpedia.org/resource/>
DESCRIBE dbpedia:Paul _McCartney

* Bindings of variables in the WHERE clause

PREFIX dbpedia: <http://dbpedia.org/resource/>
PREFIX mo: <http://purl.org/ontology/mo/>
DESCRIBE ?member

WHERE {

dbpedia:The Beatles mo:member ?member .}
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SPARQL 1.1

« SPARQL 1.0 only allows accessing the data (i.e., querying)

e SPARQL 1.1 introduces:

Query extensions

Updates

Federation extension

<<

<<

<<

— e« Aggregates, Subqueries, Negation,
Expressions in the SELECT clause,
Property paths, assignment, short
form for CONSTRUCT, expanded set
of functions and operators

Y4

* Data management: Insert, Delete,
Delete/Insert

* Graph
\
/"

* Service, values, service variables

\
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SPARQL: Updates

« SPARQL 1.1 provides graph update operations:

7/6/2015

INSERT DATA: adds explicit triples
DELETE DATA: removes explicit triples

DELETE/INSERT WHERE: updates based on triples specified in the
WHERE clause (as in SELECT and CONSTRUCT).

LOAD: reads the content of a document into a graph
COPY/MOVE/APPEND: manipulates at named graph level

CLEAR/DROP: removes all triples in one or more graph

DW & OLAP on the Semantic Web
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SPARQL: Updates

Insert the following albums recorded by The Beatles into the graph
<http://myFavGroups/The_Beatles>

PREFIX dc: <http://purl.org/dc/elements/1.1/>

PREFIX foaf: < http: //xmlIns.com/foaf/0.1/>

INSERT DATA { GRAPH < http://myFavGroups/The_Beatles> {

<http://musicbrainz.org/artist/b10bbbfc-cf9e-42e0-bel7-e2c3eld2600d# >

foaf:made

<http://musicbrainz.org/release/3a685770-7326-34fc-9f18-e5f5626f3dc5# >,

<http://musicbrainz.org/release/cb6f8798-d51e-4fa5-a4d1-2c0602bfelb6b# > .

<http://musicbrainz.org/release/3a685770-7326-34fc-9f18-e5f5626f3dc5# >
dc:title "Please Please Me” .

< http://musicbrainz.org/release/cb6f8798-d51e-4fa5-a4d1-2c0602bfelb6# >
dc:title "Something New” . }
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SPARQL: Updates

Delete all the information about the album Casualities of The Beatles.

PREFIX dc: <http://purl.org/dc/elements/1.1/>

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

DELETE { ?album ?predicate ?object . }

WHERE {

<http://musicbrainz.org/artist/b10bbbfc-cf9e-42e0-bel7-e2c3el1d2600d# >
foaf:made ?album.

?album dc:title "Casualities";
?predicate ?object . }
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Outline

* The Semantic Web

 RDF and SPARQL Basics

* Vocabularies for OLAP on the SW: QB and QB4OLAP

* Modeling Data Cubes on the Semantic Web using QB40OLAP
* Querying Data Cubes on the Semantic Web

* Summary
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Let us recall the problem...

e Publish MD Linked data

* Represent multidimensional data using SW standards

— Publish and share multidimensional schemas and data instances
* Requirements:

— Alignment with Linked Data and Linked Open Data principles

— Reuse existing vocabularies

— Represent the main features of the MD model
e Standards:

— The Data Cube vocabulary (QB) is the current standard
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The RDF Data Cube (QB) vocabulary

e W3C Recommendation since 2014

* Oriented to publish statistical data

e Based on the SDMX model (http://sdmx.org/)

7/6/2015

Statistical Data and Metadata Exchange

An initiative to foster standards for exchanging statistical information
Data set: a set of observations sharing dimensionality

Observation: A point in a multidimensional space mapped to a measure

A dimension classifies statistical series
Primary Measure: the phenomenon to be measured in the dataset

Structural metadata: Data Structure Definition
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QB: RDF Data Cube vocabulary

" abcomponent . . gb componentRequired | boalean
l qb:DataStructureDefinition } -]l gh:ComponentSpecification qb:componentAttachment : rdfs:Class
k I ghbiarder ; xsdint
gorslicekey gb.componentProperty <I—
gb:dimension
qo: 5"“51”"9 gb:attribute

goislice

| gb: DataSet H & SllceKel,- qb componentProperty gb:measure
T "

gb:ComponentProperty ‘
AN

gb:sliceStructura

gb:dataset

qb.concept

gb:Slice | gb:DimensionProperty

| gb:measureType

_ —| gb:AttributeProperty |
gbrobservation

N —| gb:MeasureProperty
‘ gb:Observation : T/ |
e —
gb.observation gb:CodedProperty |

‘ 7 — | ¢_’ gb:codeList
| gh:ObservationGroup yaN -
Z‘l\ sdmx:FrequencyRols <<union>=

qb:HierarchicalCodelist |

qb:higrarchyRoot
qb:parentChildFroperty
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The RDF Data Cube vocabulary

Schema of a data set: specified by the Data Structure Definition (DSD)

Class: gb:DataStructureDefinition
Dataset: A set of Observations with the same dimensionality

Components of the dataset defined in the DSD

Defined by component properties

Instances of the class: gb: ComponentProperty

Basic element: an observation

Instances of the class: gb:Observation
Compose the instances of gb:DataSet
Associated with a data set through the property gb:dataSet

Linked to dimensions and measures through instances of
* gb: DimensionProperty, gb:MeasureProperty, gb: AttributeProperty

To specify additional attributes

gb:ComponentSpecification, e.g., gb:componentRequired, gb:order.
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Example: World Bank linked data

 Example: World Bank Linked Data (http://data.worldbank.org/indicator)

* Collection of indicators for countries, regions, etc.
* Available in many formats
* VolD file containing metadata for the data sets
 SPARQL endpoint available

 Example indicator: “Market capitalization of listed companies”

* We will use this indicator
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QB: Data structure definition for WBLD

@prefix qb: <http://purl.org/linked-data/cube#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .
@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .

@prefix sdmx-measure: <http://purl.org/linked-data/sdmx/2009/measure#>.

<http://worldbank.270a.info/dataset/world-bank-indicators/structure>

a gb:DataStructureDefinition ;

gb:component [ a gb:ComponentSpecification ;

7/6/2015

gb:dimension <http://worldbank.270a.info/property/indicator>;
gb:order "1"AMxsd:int ],
[ a gb:ComponentSpecification ;
gb:dimension sdmx-dimension:refArea ;
gb:order "2"AMxsd:int ],
[ a gb:ComponentSpecification;
gb:dimension sdmx-dimension:refPeriod ;
gb:order "3"Axsd:int ],
[ a gb:ComponentSpecification ;
gb:measure sdmx-measure:obsValue ;

gb:order "4"Axsd:int] .
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QB: Observations

@prefix gb: <http://purl.org/linked-data/cube#> .

@prefix property: <http://worldbank.270a.info/property/> .

@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .
@prefix sdmx-measure: <http://purl.org/linked-data/sdmx/2009/measure#> .
@prefix indicator: <http://worldbank.270a.info/classification/indicator/>.
@prefix country: <http://worldbank.270a.info/classification/country/> .

@prefix year: <http://reference.data.gov.uk/id/year/> .

<http://worldbank.270a.info/dataset/world-bank-indicators/CM.MKT.LCAP.CD/RS/2012>
a qb:Observation ;
gb:dataSet <http://worldbank.270a.info/dataset/CM.MKT.LCAP.CD> ;
property: indicator indicator:CM.MKT.LCAP.CD ;
sdmx-dimension: refArea country:RS ;
sdmx-dimension: refPeriod year:2012 ;
sdmx-measure: obsValue 7450560827.04874 ;
property:decimal O .

716/2015 DW & OLAP on the Semantic Web 94



Observations

Endpoint:
http://www.fing.edu.uy/inco/grupos/csi/sparq|
prefix gb: <http://purl.org/linked-data/cube#t>
select *

FROM <http://www.fing.edu.uy/inco/cubes/instances/wbld>

WHERE
{ ?0 a gb:Observation;
?p ?r}
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WBLD observations
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hittp://worldbank. 2 70a.info/property/indicator
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Limitations of QB

* No native support of dimensional hierarchies
e Hierarchies are first-class citizens in OLAP
* QB defines hierarchies at the instance level
* No structural metadata for hierarchies, cardinalities, etc.

* Can express “Argentina aggregates over South America”, but not that
“Argentina is a country, South America is a continent, and countries
aggregate over continents”

 No metadata to represent aggregate functions

* Usual in OLAP tolos: Aassociate a measure with an aggregate function

* No support for descriptive attributes in levels

* Useful for dicing using condition over attribute values
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Limitations of QB (cont.)

e However, QB became a W3C recommendation in 2014

* Also, considerable amount of data already published using QB

* We need to:
* Represent most common features of the MD model

 Add metadata to implement OLAP using SPARQL

* Provide compatibility with QB
* Extend published data in QB, at the minimum cost

* We proposed the QB4OLAP vocabulary
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QB4O0OLAP: Data cube structure

* QB prefix: “gb:”, QB4OLAP prefix: “gb4o:”
e Characteristics:

7/6/2015

In QB, observations are linked to dimensions
In QB4OLAP, observations (facts) are linked to dimension levels
Dimension levels are instances of the class gb4o:LevelProperty

Dimensions are still represented as instances of
gb:DimensionProperty

gb4o:LevelProperty subclass of gb: ComponentProperty => can
define the schema of the cube using gb:DataStructureDefinition

Instance of class gb4o:AggregateFunction: SUM, AVG, etc.

Measures and aggregate functions, linked through
gb4o:aggregateFunction
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QB40OLAP: Dimension hierarchies

* Represented by the class gb4o:Hierarchy

* Associated with dimensions through properties:

* gb4o:hasHierarchy and gb4o:inDimension
 To indicate that a level belongs to a hierarchy: gb4o:inHierarchy

* Alevel may be in many hierarchies, may have many parent levels

e Theclass gb4o:HierarchyStep supports this concept
* Hierarchy step defined by gb4o:parentLevel, gb4o:childLevel
e Cardinality: gb4o:pcCardinality (default gb4o:ManyToOne)

Next, we define the hierarchy schema for the WBLD dimensions

716/2015 DW & OLAP on the Semantic Web 101



Outline

* The Semantic Web

 RDF and SPARQL Basics

* Vocabularies for OLAP on the SW: QB and QB40OLAP
 Modeling Data Cubes on the Semantic Web using QB4OLAP
* Querying Data Cubes on the Semantic Web

* Summary
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What can we represent using QB4OLAP?

Northwind DW

7/6/2015
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How can we use QB40OLAP ?

1. Enriching a QB data set
 Given a QB data set, enrich it with QB4OLAP metadata
 Methodology to semi-automatically do this, in progress !
 Examples: WBLD, Eurostat

2. Exporting from a DW ?
* Given a traditional cube, export it using QB40OLAP
* Example: Northwind DW

3. Building a QB40OLAP cube from scratch

1. Joint work with Jovan Varga, O. Romero (UPC), T.B. Pedersen, C.Thomsen (Aalborg University)
2. Joint work with E. Zimanyi (ULB), M. Bouza, B. Elliot (Universidad de la Republica, Uruguay)
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How can we use QB40OLAP ?

(1) Enriching a QB data set with QB4OLAP
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WBLD: Data cube structure in QB40OLAP

@prefix qb: <http://purl.org/linked-data/cube#> .
@prefix qb4o: <http://purl.org/qb4olap/cubes#>
@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .
@prefix sdmx-measure: <http://purl.org/linked-data/sdmx/2009/measure#>.
@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>
@prefix instances: <http://www.fing.edu.uy/inco/cubes/instances/world-bank-indicators#>
schema:QB40_CM_MKT_LCAP_CD
a gb:DataStructureDefinition ;
gb:component [ gb:measure sdmx-measure:obsValue;
gbdo:aggregateFunction qb4o:sum;
rdfs:seeAlso indicator:CM.MKT.LCAP.CD | ;
gb:component [ qb4o:level sdmx-dimension:refArea | ;

gb:component [ gb4o:level sdmx-dimension:refPeriod ] .

dataset:CM.MKT.LCAP.CD gb:structure schema:QB40_CM_MKT_LCAP_CD.
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WBLD: Data cube structure in QB40OLAP

@prefix gb: <http://purl.org/linked-data/cubett> .

@prefix gb4o: <http://purl.org/gb4olap/cubes#>

@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .

@prefix sdmx-measure: <http://purl.org/linked-data/sdmx/2009/measure#>.

@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>
@prefix instances: <http://www.fing.edu.uy/inco/cubes/instances/world-bank-indicators#>

schema:QB40_CM_MKT_LCAP_CD

a gb:DataStructureDefinition ;

gb:component [ gb:measure sdmx-measure:obsValue; —
gbdo:aggregateFunction qb4o:sum; \
rdfs:seeAlso indicator:CM.MKT.LCAP.CD ] ;

gb:component [ gb4o:level sdmx-dimension:refArea ];

gb:component [ gb4o:level sdmx-dimension:refPeriod ] .

sdmx-dimension:refArea a qb4o:LevelProperty.

sdmx-dimension:refPeriod a gb4o:LevelProperty.

sdmx-measure:obsValue a gb:MeasureProperty. &

dataset:CM.MKT.LCAP.CD gb:structure schema:QB40_CM_MKT_LCAP_CD. -
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Schema: QB vs QB40OLAP

@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank- <http://worldbank.270a.info/dataset/world-bank-indicators/structure>

indicators#> o
a gb:DataStructureDefinition ;

schema:QB40_CM_MKT_LCAP_CD
gb:component [ a gb:ComponentSpecification ;

a gb:DataStructureDefinition ; . . ) o
gb:dimension <http://worldbank.270a.info/property/indicator> ;

gb:component [ gb:measure sdmx-measure:obsValue;
gb:order "1"AMxsd:int ],

gb4o:aggregateFunction qb4o:sum; o
[ a gb:ComponentSpecification ;

rdfs:seeAlso indicator:CM.MKT.LCAP.CD ] ;
gb:measure sdmx-measure:obsValue ;

gb:component [ gb4o:level sdmx-dimension:refArea ]; ]
gb:order "4"AMxsd:int ]
gb:component [ gb4o:level sdmx-dimension:refPeriod ] .
) ) [ a gb:ComponentSpecification ;
sdmx-dimension:refArea a qb4o:LevelProperty.
gb:dimension sdmx-dimension:refArea ;
sdmx-dimension:refPeriod a gb4o:LevelProperty.
gb:order "2"Axsd:int ],
sdmx-measure:obsValue a gb:MeasureProperty.

dataset:CM.MKT.LCAP.CD gb:structure schema:QB40_CM_MKT_LCAP_CD. [ @ gb:ComponentSpecification ;

gb:dimension sdmx-dimension:refPeriod ;

gb:order "3"AMxsd:int ] .
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QB vs. QB40OLAP

schema:QB40_CM_MKT_LCAP_CD

gb4o:LevelProperty
C|b40:|EVE| rdf:type

sdmx-dimension:refArea

gb4o:memberOf

gb:dimension
Country:RS

http://worldbank.270a.info/dataset/world-bank-indicators/structure>

rdf:type

v

gb4o:LevelMember

sdmx-dimension:refAre

<http://worldbank.270a.info/dataset/world-bank-indicators/CM.MKT.LCAP.CD/RS/2012>

rdf:type
\WNb:Observation
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QB vs. QB40OLAP

schema:QB40_CM_MKT_LCAP_CD
schema:yearNumber qb4o:LevelProperty

gb4do:level rdf:type 2012
gb4o:hasAttribute schema:yearNumber

sdmx-dimension:refPeriod

gb4o:memberOf

gb:dimension
year:2012

http://worldbank.270a.info/dataset/world-bank-indicators/structure>

rdf:type

v

gb4o:LevelMember

sdmx-dimension:refPerio

<http://worldbank.270a.info/dataset/world-bank-indicators/CM.MKT.LCAP.CD/RS/2012>

rdf:type
\’WNb:Observation
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QB40OLAP: Dimension hierarchies

@prefix gb: <http://purl.org/linked-data/cube#> .

@prefix gb4o: <http://purl.org/qb4olap/cubes#>

@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .
@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>

# Geographical dimension and its hierarchies

schema:geoDim a gb:DimensionProperty ;
rdfs:label "Geographical dimension"@en; all
gbdo:hasHierarchy schema:geoHier,
schema:lendingHier,
schema:incomeHier.

# Base level for the cube
) ) lending-type
sdmx-dimension:refArea a qb4o:LevelProperty;

rdfs:label "country level"@en. region income

#Upper hierarchy levels for the geographical dimension

schema:region a qb4o:LevelProperty;
rdfs:label "Geographical regions"@en .
schema:lendingtype a gb4o:LevelProperty; country
rdfs:label "Lending type level"@en .
schema:income a gb4o:LevelProperty;
rdfs:label "Income level"@en.
schema:geoAll a gb4o:LevelProperty;
rdfs:label "All reference areas"@en.

716/2015 DW & OLAP on the Semantic Web

111



QB40OLAP: Dimension hierarchies

@prefix gb: <http://purl.org/linked-data/cube#> .
@prefix gb4o: <http://purl.org/qb4olap/cubes#>

@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .

@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>

# Geographical dimension and its hierarchies

schema:geoDim a gb:DimensionProperty ;
rdfs:label "Geographical dimension"@en;
gb4o:hasHierarchy schema:geoHier,
schema:lendingHier,
schema:incomeHier.

schema:geoHier a qb4o:Hierarchy ;
rdfs:label "Geographical hierarchy"@en;
gb4o:inDimension schema:geoDim ;

gb4o:hasLevel sdmx-dimension:refArea, schema:region, schema:geoAll .

# Hierarchy steps for the schema:geoHier hierarchy

_:hsl a gb4o:HierarchyStep;
gb4o:inHierarchy schema:geoHier;
gb4o:childLevel schema:region;
gb4o:parentLevel schema:geoAll;
gbdo:pcCardinality gb4o:ManyToOne.

_:hs2 a qbdo:HierarchyStep;
gb4o:inHierarchy schema:geoHier;
gb4o:childLevel sdmx-dimension:refArea;
gb4o:parentLevel schema:region;
gb4o:pcCardinality gb4o:ManyToOne.

all

lending-type

region income

country
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QB40OLAP: Dimension

@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>
@prefix instance: <http://www.fing.edu.uy/inco/cubes/instances/world-bank-indicators#>

country:RS a qb4o:LevelMember;
gb4o:memberOf sdmx-dimension:refArea;
skos:broader lending:IBD; skos:broader income:UMC;
skos:broader region:ECS;
skos:preflLabel "Serbia"@en .

lending:IBD a qb4o:LevelMember;
gb4o:memberOf schema:lending;
skos:broader instance:geoAll;
skos:prefLabel "IBRD"@en .

income:UMC a qb4o:LevelMember;
gb4o:memberOf schema:income;
skos:broader instance:geoAll;
skos:preflLabel "Upper middle income" @en .

region:ECS a gb4o:LevelMember;
gb4o:memberOf schema:region;
skos:broader instance:geoAll;
skos:preflLabel "Europe & Central Asia (all income levels)"@en .

instance:geoAll a gb4o:LevelMember;

gb4o:memberOf schema:
skos:preflabel "Geo ALL"@en
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QB4OLAP: Level attributes

@prefix gb: <http://purl.org/linked-data/cube#> .

@prefix gb4o: <http://purl.org/gb4olap/cubes#>

@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .
@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>

# Time dimension

schema:timeDim a gb:DimensionProperty ;
rdfs:label "Time dimension" @en;
gbdo:hasHierarchy schema:timeHier.

schema:timeHier a qb4o:Hierarchy ;
rdfs:label “Time hierarchy"@en;

gb4do:inDimension schema:timeDim ;
gb4o:hasLevel sdmx-dimension:refPeriod, schema:timeAll .

sdmx-dimension:refPeriod a gb4o:LevelProperty;
rdfs:label "year level"@en.

sdmx-dimension:refPeriod gb4o:hasAttribute schema:yearNumber

schema:yearNumber a gb4o:LevelAttribute;
rdfs:label "year number"@en.
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QB4OLAP: Attribute instances

@prefix gb: <http://purl.org/linked-data/cubett> .

@prefix gb4o: <http://purl.org/gb4olap/cubes#>

@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .

@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>
@prefix instance: <http://www.fing.edu.uy/inco/cubes/instances/world-bank-indicators#>
@prefix year: <http://reference.data.gov.uk/id/year>

# Time dimension

schema:timeDim a gb:DimensionProperty ;
rdfs:label "Time dimension" @en;
gb4o:hasHierarchy schema:timeHier.

sdmx-dimension:refPeriod a qb4o:LevelProperty;
rdfs:label "year level"@en.
sdmx-dimension:refPeriod gb4o:hasAttribute schema:yearNumber

schema:yearNumber a gqb4do:LevelAttribute;
rdfs:label "year number" @en.

year:2012 a gb4o:LevelMember;
gb4o:memberOf sdmx-dimension:refPeriod ;
skos:broader instance:timeAll;
skos:preflabel “2012"@en .

year:2012 schema:yearNumber “2012” Axsd:integer

716/2015 DW & OLAP on the Semantic Web

115



e Statistics about asylum appplications to the EU

Another example: Eurostat

* Applications by month, age, gender, citizenship, destination

e Published using QB
* Again, we use strategy of enrichment of the QB data set

e QObservations in tabular form:

Sex Age Time Application _type Citizenship Destination | Measures
Sex Age Month Application _type Country Country #applications
M | 14to17 | 201301, January 2013 new applicant CM, Cameroon BE, Belgium 5

F | less than 14 | 201303, March 2013 new applicant CM, Cameroon FR, France 5

M | 18to34 | 201301, January 2013 new applicant CM, Cameroon FR, France 10

F 18 to 34 | 201301, January 2013 new applicant CD, Democratic Republic of the Congo | BE, Belgium 25

F 18 to 34 | 201303, March 2013 new applicant CD, Democratic Republic of the Congo | BE, Belgium 30
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Eurostat observations

prefix qb:http://purl.org/linked-data/cube#

SELECT <http://eurostat.linked-statistics.org/data/migr_asyappctzm#M,AD,F,TOTAL,ASY_APP,AT,2013M11> ?p ?0

FROM <http://www.fing.edu.uy/inco/cubes/instances/migr_asyapp>

WHERE{<http://eurostat.linked-statistics.org/data/migr_asyappctzm#M,AD,F,TOTAL,ASY_APP,AT,2013M11>?p?0. }

| callret-0

| P

| o

http://eurostat. linked-statistics.org
/data/migr asyappctzm#M.AD FTOTAL.ASY APPAT.2013M11

http:/iwww. w3 .org/1999/02/22-rdf-syntax-ns#type

http://purl .org/linked-data/cube#Observation

http://eurostat. linked-statistics.org
/data/migr asvappctzm#M TOTAL.ASY APPAT2013M11

http://purl.org/linked-data/cube#dataSet

http://eurostat linked-statistics.org
/data/migr asyappctzm

http://eurostat.linked-statistics.org
/data/migr asva Zm#M TOTAL.ASY APPAT2013M11

http://purl.org/linked-data/sdmx
/2009/dimension#freq

http://purl .org/linked-data/sdmx
/2009/code#freq-M

http://eurostat linked-statistics.org
/data/migr asyappctzm#M.AD FTOTAL.ASY APPAT.2013M11

http://eurostat.linked-statistics .org/property#citizen

http://eurostat.linked-statistics.org
/dic/citizen#AD

http://eurostat.linked-statistics.org
/data/mipgr asvappctzm#M TOTAL.ASY APPAT.2013M11

http://eurostat.linked-statistics .org/property#sex

http:/feurostat linked-statistics.org/dic/sex#F

http://eurostat.linked-statistics.org
/data/mipr asyappctzm#M.AD FTOTAL.ASY APPAT.2013M11

http://feurostat.linked-statistics .o #fage

http://eurostat linked-statistics.org
/dic/age# TOTAL

http://eurostat. linked-statistics.org
/data/migr asva zmi#M TOTAL.ASY APPAT.2013M11

http://eurostat.linked-statistics .org
/propertyi#fasyl app

http://eurostat linked-statistics.org
/dic/asyl app#ASY APP

http://eurostat.linked-statistics.org
/data/migr asva Zm#FM TOTAL.ASY APPAT.2013M11

http://eurostat.linked-statistics .org/property#geo

http:/feurostat linked-statistics.org/dic/geo# AT

http://eurostat. linked-statistics.org

http://purl.org/linked-data/sdmx

/data/migr asyappctzm#h TOTAL.ASY APPAT.2013M11

/2009/measure#obsValue

/data/migr asyappctzm#M.AD FTOTAL.ASY APPAT.2013M11 /2009/dimension#timePeriod 2013-11-01
http.//eurostat.linked-statistics.org http://purl.org/linked-data/sdmx 0
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Eurostat: Model

 Multidimensional conceptual model
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Eurostat QB40OLAP schema

@prefix property: <http://eurostat.linked-statistics.org/property#> .

@prefix sdmx-measure: <http://purl.org/linked-data/sdmx/2009/measure#> .
@prefix sdmx-dimension: <http://purl.org/linked-data/sdmx/2009/dimension#> .
@prefix schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#> .
@prefix gb4o: <http://purl.org/qb4olap/cubes#> .
schema:migr_asyappctzmQB40 rdf:type gb:DataStructureDefinition;

gb:component [ gb:measure sdmx-measure:obsValue; qb4o:aggregateFunction gb4o:sum ] ;
gb:component [ gb4o:level property:age ; qb4o:cardinality gb4o:ManyToOne ] ;
gb:component [ gb4o:level sdmx-dimension:refPeriod ; gb4o:cardinality qb4o:ManyToOne ]
gb:component [ gb4o:level property:sex ; gb4o:cardinality qgb4o:ManyToOne ] ;
gb:component [ gb4o:level property:geo ; gb4o:cardinality qb4o:ManyToOne ] ;
gb:component [ gb4o:level property:citizen qb4o:cardinality gb4o:ManyToOne ] ;
gb:component [ gb4o:level property:asyl_app ; gb4o:cardinality gb4o:ManyToOne ] ;
skos:notation "migr_asyappctzm_DSD" .

#states that eurostat instances are described by the schema defined in QB4OLAP

<http://eurostat.linked-statistics.org/data/migr_asyappctzm> gb:structure schema:migr_asyappctzmQB40.

sdmx-measure:obsValue a gb:MeasureProperty;
rdfs:label "Number of applications"@en; rdfs:range xsd:integer .
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Age dimension

schema:ageDim a gb:DimensionProperty ;
rdfs:label ”"Age range dimension"@en ;
gbdo:hasHierarchy schema:ageHier .

schema:ageHier a gb4o:Hierarchy ;
rdfs:label "Age Hierarchy"@en ;
gb4o:inDimension schema:ageDim ;
gbdo:hasLevel property:age, schema:ageAll .

property:age a qb4o:LevelProperty ;
rdfs:label “Age range"@en .

schema:ageAll a gb4o:LevelProperty ;
rdfs:label "All ages"@en .

_:ih11 a gb4o:HierarchyStep ;
gb4o:inHierarchy schema:ageHier ;
gb4o:childLevel property:age;
gb4o:parentlLevel schema:ageAll;
gbdo:pcCardinality gb4o:ManyToOne .
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Age dimension instances

age:Y_LT14
gb4o:memberOf property:age ;
skos:broader age:TOTAL ;
skos:preflLabel "Moins de 14 ans"@fr, "Less than 14 years"@en , "Weniger als 14 Jahre"@de .

age:Y14-17
gb4o:memberOf property:age ;
skos:broader age:TOTAL ;
skos:preflabel "14 bis 17 Jahre"@de , "De 14 a 17 ans"@fr , "From 14 to 17 years"@en .

age:UNK
gb4o:memberOf property:age ;
skos:broader age:TOTAL ;
skos:prefLabel "Unbekannt"@de, "Inconnu"@fr, "Unknown"@en .

age:TOTAL
qb4o:memberOf schema:ageAll;
rdf:type skos:Concept ;
skos:preflLabel "Insgesamt" @de , "Total"@fr , "Total"@en .

*** Note that observations can be at different granularity levels (schema:ageAll, property:age)
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Time dimension

schema:timeDim a gb:DimensionProperty ;
rdfs:label "Time dimension"@en ;
gb4o:hasHierarchy schema:timeHier .

schema:timeHier a qb4o:Hierarchy ;
rdfs:label "Time Hierarchy"@en ;
gb4o:inDimension schema:timeDim ;
gb4o:hasLevel sdmx-dimension:refPeriod, schema:year , schema:timeAll .

sdmx-dimension:refPeriod a gb4o:LevelProperty ;
rdfs:label "Month level"@en .
-- sdmx-refPeriod may have any granularity; in Eurostat: month or year; manual identification of granularity

schema:year a gb4o:LevelProperty ;
rdfs:label "Year"@en .

schema:timeAll a gb4o:LevelProperty ;
rdfs:label "All dates"@en .

_:ih21 a gb4o:HierarchyStep ;
gbdo:inHierarchy schema:timeHier ;
gb4o:childLevel sdmx-dimension:refPeriod ;
gbdo:parentLevel schema:year; gbdo:pcCardinality gb4o:ManyToOne .

_:ih22 a gb4o:HierarchyStep;
gbdo:inHierarchy schema:timeHier ;
gbdo:childLevel schema:year ;
gb4o:parentlLevel schema:timeAll ; qb4o:0neToManyToOne .
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Time dimension instances

@prefix time:<http://purl.org/gb4olap/dimensions/time#> .

time:TOTAL
gb4o:memberOf schema:timeAll .

time:2008
gb4o:memberOf schema:year;
skos:broader time:TOTAL .

time:2009
gb4o:memberOf schema:year;
skos:broader time:TOTAL .

time:2014
gb4o:memberOf schema:year;
skos:broader time:TOTAL .

time:200801
gb4o:memberOf sdmx-dimension:refPeriod;
skos:broader time:2008 .

time:201401

gb4o:memberOf sdmx-dimension:refPeriod;
skos:broader time:2014 .
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schema:sexDim a gb:DimensionProperty ;
rdfs:label “Sex dimension"@en ;
gb4o:hasHierarchy schema:sexHier .

schema:sexHier a qb4o:Hierarchy ;
rdfs:label "Sex Hierarchy"@en ;
gbdo:inDimension schema:sexDim ;
gb4o:hasLevel property:sex, schema:sexAll .

Property:sex a gb4o:LevelProperty ;
rdfs:label "Sex"@en .

Schema:sexAll a gb4o:LevelProperty ;
rdfs:label "All sexes" @en .

_:ih31 a gb4o:HierarchyStep ;
gbdo:inHierarchy schema:sexHier ;
gbdo:childLevel property:sex;
gb4o:parentLevel schema:sexAll;
gbdo:cardinality qb4o:ManyToOne .

7/6/2015
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Sex dimension instances

@prefix sex:<http://eurostat.linked-statistics.org/dic/sex#> .

sex:F

qb4o:memberOf property:sex ;

skos:broader sex:T ;

skos:notation "F" ;

skos:preflLabel "Frauen"@de , "Femmes"@fr , "Females" @en .

sex:M

qb4o:memberOf property:sex ;

skos:broader sex:T ;

skos:notation "M" ;

skos:preflLabel "Hommes"@fr , "Males"@en , "Manner" @de .

sex:UNK

gb4o:memberOf property:sex ;

skos:broader sex:T ;

skos:notation "UNK" ;

skos:preflLabel "Unbekannt"@de , "Inconnu" @fr , "Unknown"@en .

sex:T

gb4o:memberOf schema:sexAll;
skos:notation "T" ;
skos:prefLabel "Insgesamt"@de , "Total"@fr, "Total"@en .
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Destination dimension

schema:destinationDim a qb:DimensionProperty ;
rdfs:label "Asylum geographical destination dimension"@en;

gb4o:hasHierarchy schema:destinationGeoHier, schema:destinationGovHier.

schema:destinationGeoHier a qb4o:Hierarchy ;
rdfs:label "Asylum destination Geographical Hierarchy"@en ;
gbdo:inDimension schema:destinationDim;
gb4o:hasLevel property:geo, schema:continent, schema:destAll.

schema:destinationGovHier a gb4o:Hierarchy ;
rdfs:label "Asylum destination Government Hierarchy"@en ;
gb4do:inDimension schema:destinationDim;
gb4o:hasLevel property:geo, schema:governmentType, schema:destAll

property:geo a qb4o:LevelProperty;
rdfs:label "Country of asylum application"@en .

schema:continent a qb4o:LevelProperty;
rdfs:label "Continent"@en .

schema:governmentType a gb4o:LevelProperty;
rdfs:label "Government Type"@en .

schema:destAll a qb4o:LevelProperty;
rdfs:label "All destinations"@en .

citizenship

destination

Govearnment
Type

GovernmentType

| Governmeant |

Country

CountryCode
CountryMName

| Geography

Continent

ContinentCode

ContinentMame

We need two different dimensions because instances are contained in levels, and bottom levels must differ from each other. In Eurostat geo
instances are different from citizen instances, even though they refer to the same conuntry => represented by different IRIs
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Destination dimension

schema:destinationDim a gb:DimensionProperty ;
rdfs:label "Asylum geographical destination dimension"@en;
gb4o:hasHierarchy schema:destinationGeoHier, schema:destinationGovHier.

schema:destinationGeoHier a qb4o:Hierarchy ;
rdfs:label "Asylum destination Geographical Hierarchy"@en ;
gbdo:inDimension schema:destinationDim; Citizenship
gb4o:hasLevel property:geo, schema:continent, schema:destAll.

destination
schema:destinationGovHier a gb4o:Hierarchy ;

rdfs:label "Asylum destination Government Hierarchy"@en ;
gb4do:inDimension schema:destinationDim;

gb4o:hasLevel property:geo, schema:governmentType, schema:destAll
_:ih41 a gb4o:HierarchyStep ;
gbdo:inHierarchy schema:destinationGeoHier ;
gb4o:ChildLevel property:geo ; qbdo:parentLevel schema:continent ; qb4o:pcCardinality gb4o : ManyToOne.
_:ih42 a gb4o:HierarchyStep ;
gbdo:inHierarchy schema:destinationGeoHier ;
gb4o:ChildLevel schema:continent ; qb4o:parentLevel schema:destAll; gb4o:pcCardinality gb4o : ManyToOne .
_:ih43 a gb4o:HierarchyStep ;
gbdo:inHierarchy schema:destinationGovHier ;
gb4o:ChildLevel property:geo ; qb4o:parentLevel schema:governmentType ; gb4o:pcCardinality gb4o : ManyToOne .
_:ihd4 a gb4o:HierarchyStep ;
gbdo:inHierarchy schema:destinationGovHier ;

gb4o:ChildLevel schema:governmentType ; qb4o:parentLevel schema:destAll ; gb4o:pcCardinality gb4o : ManyToOne .
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Destination dimension instances

@prefix desDim: <http://www.fing.edu.uy/inco/cubes/dims/migr_asyapp/destination#> . - prefix of the instances created manually

<http://eurostat.linked-statistics.org/dic/geo#CzZ>
rdf:type skos:Concept ;
gb4o:memberOf property:geo ;
skos:broader desDim:EU ; -- corresponds to continent level
skos:broader dbpedia:Parliamentary_republic ; --- this was added manually — corresponds to government type
skos:inScheme dic:geo ; skos:notation "CZ" ;
skos:preflLabel "Tschechische Republik" @de , "République tcheque"@fr , "Czech Republic"@en .

<http://eurostat.linked-statistics.org/dic/geo#SK>
rdf:type skos:Concept ;
gqb4o:memberOf property:geo ;
skos:broader desDim:EU ;
skos:broader dbpedia:Parliamentary_republic ; --- this was added manually
skos:inScheme dic:geo ; skos:notation "SK" ;
skos:preflLabel "Slovaquie" @fr, "Slowakei"@de , "Slovakia"@en .

<http://eurostat.linked-statistics.org/dic/geo#NO>

rdf:type skos:Concept ;

gb4o:memberOf property:geo ;

skos:broader desDim:EU ;

skos:broader dbpedia:Unitary State ; --- this was added manually

skos:inScheme dic:geo ; skos:notation "NO" ;

skos:preflLabel "Norvege"@fr , "Norway"@en , "Norwegen" @de .
desDim:EU

qb4o:memberOf schema: continent ;

skos:broader desDim:TOTAL; skos:prefLabel "Europe" @en .

desDim:TOTAL
gb4o:memberOf schema:destAll; skos:prefLabel "All destinations” @en .
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Destination dimension instances (cont.)

dbpedia:Parliamentary_republic qb4o:memberOf schema:governmentType ;
skos:broader desDim:TOTAL ;
skos:preflLabel"Parliamentary republic" @en ;
skos:notation  "Parliamentary republic"@en .

dbpedia:Unitary_state qb4o:memberOf schema:governmentType ;
skos:broader  desDim:TOTAL ;
skos:preflLabel"Unitary state"@en ;
skos:notation "Unitary state"@en .

dbpedia:Federalism gb4o:memberOf schema:governmentType ;
skos:broader desDim:TOTAL ;
skos:preflLabel "Federalism"@en ;

skos:notation "Federalism"@en .

dbpedia:Federal_Government_of _Somalia gb4o:memberOf schema:governmentType ;
skos:broader  desDim:TOTAL ;
skos:preflLabel "Federal Government of Somalia" @en ;
skos:notation "Federal Government of Somalia" @en .

dbpedia:Republicgb4o:memberOf schema:governmentType ;
skos:broader desDim:TOTAL ;
skos:preflLabel "Republic"@en ;
skos:notation "Republic"@en ;.
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Citizenship dimension

schema:citizenshipDim a gb:DimensionProperty ;
rdfs:label "Applicant citizenship dimension" @en;
gb4o:hasHierarchy schema:citizenshipGeoHier, schema:citizenshipGovHier.

Govarnment
Type
schema:citizenshipGeoHier a qb4o:Hierarchy ; GaovernmentTypa
rdfs:label "Applicant citizenship Geo Hierarchy"@en ; .
gb4o:inDimension schema:citizenshipDim; CltlzenShlp ( Governmant |
gb4o:hasLevel property:citizen, schema:continent, schema:citAll. Country
destination  countyCode
schema:citizenshipGovHier a qb4o:Hierarchy ; CountryMName
rdfs:label "Applicant citizenship Government Hierarchy"@en ; i GEU'.QFB_IJM'
gbdo:inDimension schema:citizenshipDim; ' T
gb4o:hasLevel property:citizen, schema:governmentType, schema:citAll. Continent
LContinentCode
Property:citizen a gb4o:LevelProperty; ontinentName

rdfs:label "Country of asylum application" @en .

Schema:citAll a gb4o:LevelProperty;
rdfs:label "All citizenships" @en .
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Citizenship dimension

schema:citizenshipDim a gb:DimensionProperty ;
rdfs:label “Citizenship dimension"@en ;
gb4o:hasHierarchy schema:citizenshipGeoHier, schema:citizenshipGovHier.

schema:citizenshipGeoHier a gb4o:Hierarchy ;
gb4o:inDimension schema:citizenshipDim ;
gb4o:hasLevel property:country, schema:continent, schema:citAll .

citizenship
schema:citizenshipGovHier a qb4o:Hierarchy ;
gb4o:inDimension schema:citizenshipDim ; . .
. destination
gb4o:hasLevel property:country, schema:governmentType, schema:citAll .

_:ih45 a gb4o:HierarchyStep ;

gbdo:inHierarchy schema::citizenshipGeoHier ;

gbdo:ChildLevel property:citizen ; qb4o:parentLevel schema:continent ; gb4o:pcCardinality gb4o : ManyToOne .
_:ih46 a gb4o:HierarchyStep ;

gbdo:inHierarchy schema:citizenshipGeoHier ;

gb4o:ChildLevel schema:continent ; gb4o:parentLevel schema:citAll; gb4o:pcCardinality gb4o: ManyToOne .

_:ih47 a qbdo:HierarchyStep ;

gbdo:inHierarchy schema:destinationGovHier ;

gbdo:ChildLevel property:citizen ; qb4o:parentLevel schema:governmentType ; gb4o:pcCardinality gb4o : ManyToOne.
_:ih48 a gb4o:HierarchyStep ;

gbdo:inHierarchy schema:destinationGovHier ;

gbdo:ChildLevel schema:governmentType ; gbdo:parentLevel schema:citAll ; gb4o:pcCardinality gb4o : ManyToOne .
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<ht

Citizenship dimension instances

@prefix desDim: <http://www.fing.edu.uy/inco/cubes/dims/migr_asyapp/destination#> . - prefix of the instances created manually

tp://eurostat.linked-statistics.org/dic/citizen#AR>

rdf:type skos:Concept ;

qb4o:memberOf property:citizen ;

skos:broader citDim:SA ;

skos:broader dbpedia:Federal_republic ;

skos:inScheme dic:citizen ; skos:notation "AR" ;

skos:preflabel "Argentine" @fr , "Argentina"@en , "Argentinien"@de .

<http://eurostat.linked-statistics.org/dic/citizen#CF>

rdf:type skos:Concept ;

qb4o:memberOf property:citizen ;
skos:broader citDim:AF ;

skos:broader dbpedia:Provisional_government;
skos:inScheme dic:citizen ; skos:notation "CF" ;

skos:preflLabel "Central African Republic"@en , "Zentralafrikanische Republik" @de , "République centrafricaine" @fr .

<http://eurostat.linked-statistics.org/dic/citizen#NL>

rdf:type skos:Concept ;

qb4o:memberOf property:citizen ;

skos:broader citDim:EU ;

skos:broader dbpedia:Unitary state;

skos:inScheme dic:citizen ; skos:notation "NL" ;

skos:prefLabel "Netherlands"@en , "Niederlande"@de , "Pays-Bas" @fr .

<http://eurostat.linked-statistics.org/dic/citizen#AZ>
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rdf:type skos:Concept ;
gb4o:memberOf property:citizen ;
skos:broader citDim:EU ;
skos:broader dbpedia:Unitary state;
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Citizenship dimension instances (cont.)

dbpedia:Parliamentary_republic qb4o:memberOf schema:governmentType ;
skos:broader citDim:TOTAL ;
skos:preflLabel "Parliamentary republic"@en ;
skos:notation "Parliamentary republic"@en .

dbpedia:Unitary_state qb4o:memberOf schema:governmentType ;
skos:broader citDim:TOTAL ;
skos:preflabel "Unitary state"@en ;
skos:notation "Unitary state"@en .

dbpedia:Federalism gb4o:memberOf schema:governmentType ;
skos:broader citDim:TOTAL ;
skos:prefLabel "Federalism"@en ;
skos:notation "Federalism"@en .

dbpedia:Federal_Government_of _Somalia gb4o:memberOf schema:governmentType ;
skos:broader citDim:TOTAL ;
skos:prefLabel "Federal Government of Somalia" @en ;
skos:notation "Federal Government of Somalia"@en .

dbpedia:Republicgb4o:memberOf schema:governmentType ;
skos:broader citDim:TOTAL ;
skos:preflLabel "Republic"@en ;
skos:notation Republic"@en .
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Citizenship dimension instances (cont.)

citDim:TOTAL
gb4o:memberOf schema:citAll;
skos:notation "All citizenships" ;
skos:prefLabel "All citizenships"@en .

citDim:AF
gb4o:memberOf schema:continent ;
skos:broader citDim:TOTAL;
skos:notation "AF" ;
skos:preflabel "Africa" @en .

citDim:EU
gb4o:memberOf schema:continent ;
skos:broader citDim:TOTAL;
skos:notation "EU" ;
skos:preflabel "Europe"@en .

citDim:SA
qb4o:memberOf schema:continent ;
skos:broader citDim:TOTAL;
skos:notation "SA" ;

skos:preflLabel "South America" @en .

citDim:NA
qb4o:memberOf schema:continent ;
skos:broader citDim:TOTAL;
skos:notation "NA" ;

skos:preflLabel "Northern America"@en .
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How can we use QB40OLAP ?

(2) Exporting from an existing DW
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Publishing a DW using QB40OLAP
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Publishing a DW using QB40OLAP

Cuibe Schaima
Translaior
- Cube Schema
/ (CS400LAP)
ROF T
. Parser bl
' .,
XML Mondrian Mapping File |
Schema . (RZRML) ) A
S 4
.f' : "
Transtsor Wrapper (QB40LAP)
\,i';' i i
e
R2ZRML Procasor _
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Publishing a DW using QB40OLAP

* Validates the input XML file « Translates the logical model of the data
(Mondrian schema) against DTD cube into RDF,

* Extracts the logical model of the cube - Output: QB4OLAP cube schema
* Extracts the mappings to the physical

model //
* Creates an in-memory representation
of this information Transiatr
Cube Schema
(QB40LAP)
* Mondrian schema: XML document : . W B >
* Defines an MD database Passa o Trpke § —
¢ Contains cubes, dimensions, - ~— v (vinuosg)
hierarchies, and members, an XMIs.gmdrian Mapping File AN
a mapping to a physical model. = < S (R2RML) A
Cube Instance \ AZRML Procasor Cube Instances
Translatar Wrapgar (QB4OLAP)
* Translates the data in the RDB into RDF triples
* Produces a set of R2ZRML mappings that encodes _ . X
these instances e \ ' 1
database
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QB40OLAP for Northwind DW
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QB40OLAP for Northwind DW - Schema

@prefix nw: <http://dwbook.org/cubes/schemas/northwind#> .
# Cube definition
nw:Northwind a gb:DataStructureDefinition ;

# Lowest level for each dimension in the cube

gb:component [gb4o:level nw:employee ; gb4o:cardinality gb4o:ManyToOne ] ;
gb:component [gb4o:level nw:orderDate ; gb4o:cardinality gb4o:ManyToOne | ;
gb:component [gb4o:level nw:dueDate ; gb4o:cardinality gb4o:ManyToOne ] ;
gb:component [gb4o:level nw:shippedDate ; gb4o:cardinality gb4o:ManyToOne ] ;
gb:component [gb4o:level nw:product ; gb4o:cardinality gb4o:ManyToOne | ;
gb:component [gb4o:level nw:order ; gb4o:cardinality gb40:0neToOne | ;
gb:component [gb4o:level nw:shipper ; gb4o:cardinality gb4o:ManyToOne ] ;
gb:component [gb4o:level nw:supplier ; gb4o:cardinality gb40:ManyToOne | ;
gb:component [gb4o:level nw:customer ; gb4o:cardinality gb4o:ManyToOne ] ;

# Measures in the cube
gb:component [gb:measure nw:quantity ; qb4o:hasAggregateFunction gb4o:sum] ;
gb:component [gb:measure nw:unitPrice ; qb4o:hasAggregateFunction gb4o:avg] ;
gb:component [gb:measure nw:discount ; qb4o:hasAggregateFunction gb4o:avg] ;
gb:component [gb:measure nw:salesAmount ; qb4o:hasAggregateFunction qb4o:sum] ;
gb:component [gb:measure nw:freight ; gb4o:hasAggregateFunction gb4o:sum] ;
gb:component [gb:measure nw:netAmount ; gb4o:hasAggregateFunction gb4o:sum] .
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QB40OLAP for Northwind DW - Schema

@prefix nw: <http://dwbook.org/cubes/schemas/northwind#> .

# -- Measure definition

nw:quantity a rdf:Property , gb:MeasureProperty ;
rdfs:label "Quantity" @en ;
rdfs:subPropertyOf sdmx-measure:obsValue ;
rdfs:range xsd:positivelnteger .

nw:unitPrice a rdf:Property, qb:MeasureProperty ;
rdfs:label "Unit Price" @en ;
rdfs:subPropertyOf sdmx-measure:obsValue ;
rdfs:range xsd:decimal .

nw:freight a rdf:Property, qb:MeasureProperty ;
rdfs:label "Freight" @en ;
rdfs:subPropertyOf sdmx-measure:obsValue ;
rdfs:range xsd:decimal .

nw:netAmount a rdf:Property, qb:MeasureProperty ;
rdfs:label "Net Amount"@en ;
rdfs:subPropertyOf sdmx-measure:obsValue ;
rdfs:range xsd:decimal .
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Employee dimension schema

# -- Employee dimension definition

nw:employeeDim a rdf:Property, gb:DimensionProperty ;
rdfs:label "Employee Dimension"@en ;
gb4o:hasHierarchy nw:supervision , nw:territories .

# -- Supervision hierarchy

nw:supervision a gb4o:HierarchyProperty ; rdfs:label "Supervision Hierarchy" @en ;
gb4o:inDimension nw:employeeDim ;
gb4o:hasLevel nw:employee .

_:supervision_hs1 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:supervision ;
gb4do:childLevel nw:employee ; gb4o:parentLevel nw:employee ;
gb4o:pcCardinality gb4o:ManyToOne .

# -- Territories hierarchy

nw:territories a gb4o:HierarchyProperty ; rdfs:label "Territories Hierarchy" @en ;

gb4o:inDimension nw:employeeDim ;
gb4o:hasLevel nw:employee , nw:city , nw:state , nw:region , nw:country , nw:continent .
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Employee dimension schema

# -- Territories hierarchy

_:territories_hs1 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4o:childLevel nw:employee ; gb4o:parentLevel nw:city ;
gb4o:pcCardinality gb4o:ManyToMany .

_:territories_hs2 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4do:childLevel nw:city ; gb4o:parentLevel nw:state ;
gb4o:pcCardinality gb4o:ManyToOne.

_:territories_hs3 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4do:childLevel nw:city ; gb4o:parentLevel nw:country ;
gb4o:pcCardinality gb4o:ManyToOne.

_:territories_hs4 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4do:childLevel nw:state ; qb4o:parentLevel nw:region ;
gb4o:pcCardinality gb4o:ManyToOne.

_:territories_hs5 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4do:childLevel nw:state ; qb4o:parentLevel nw:country ;
gb4do:pcCardinality gb4o:ManyToOne.

_:territories_hs6 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4do:childLevel nw:region ; gb4o:parentLevel nw:country ;
gb4do:pcCardinality gb4o:ManyToOne.

_:territories_hs7 a gb4o:HierarchyStep ; gb4o:inHierarchy nw:territories ;
gb4o:childLevel nw:country ; gb4o:parentLevel nw:continent ;
gb4o:pcCardinality gb4o:ManyToOne .
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Employee dimension schema

# -- Employee level

nw:employee a gb4o:LevelProperty ;
rdfs:label "Employee Level"@en ;
gb4o:hasAttribute nw:employeelD ;
gb4o:hasAttribute nw:firstName ;
gb4o:hasAttribute nw:lastName ;
gb4o:hasAttribute nw:title ;
gb4o:hasAttribute nw:birthDate ;
gb4o:hasAttribute nw:hireDate ;
gb4o:hasAttribute nw:addressStreet ;
gb4o:hasAttribute nw:addressCity ;
gb4o:hasAttribute nw:addressRegion ;
gb4o:hasAttribute nw:addressPostalCode ;
gb4o:hasAttribute nw:addressCountry ;
skos:broader nw:city , nw:employee .

nw:employeelD a gb4po:LevelAttribute ; rdfs:label "Employee ID"@en ; rdfs:range xsd:positivelnteger .
nw:firstName a qb4o:LevelAttribute ; rdfs:label "First Name"@en ; rdfs:range xsd:string .

nw:lastName a gb4o:LevelAttribute ; rdfs:label "Last Name"@en ; rdfs:range xsd:string .

nw:title a qb4o:LevelAttribute ; rdfs:label "Title"@en ; rdfs:range xsd:string .

nw:birthDate a gb4o:LevelAttribute ; rdfs:label "Birth Date"@en ; rdfs:range xsd:date .
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Employee dimension schema

# -- City level

nw:city a qb4o:LevelProperty ;
rdfs:label "City Level"@en ;
gb4o:hasAttribute nw:cityName ;
skos:broader nw:state, nw:country .

# -- State level

nw:cityName a gb:LevelAttribute ;
rdfs:label "City Name"@en ; rdfs:range xsd:string .

nw:state a gb4o:LevelProperty ;
rdfs:label "State Level"@en ;
gb4o:hasAttribute nw:stateName ;
gb4o:hasAttribute nw:englishStateName ;
gb4o:hasAttribute nw:stateType ;
gb4o:hasAttribute nw:stateCode ;
gb4o:hasAttribute nw:stateCapital ;
skos:broader nw:region, nw:country .
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Employee dimension schema

nw:stateName a gb4o:LevelAttribute ;

rdfs:label "State Name"@en ; rdfs:range xsd:string .
nw:englishStateName a gb4o:LevelAttribute ;

rdfs:label "English State Name"@en ; rdfs:range xsd:string .
nw:stateType a qb:4olevelAttribute ;

rdfs:label "State Type"@en ; rdfs:range xsd:string .
nw:stateCode a qb4o:LevelAttribute ;

rdfs:label "State Code"@en ; rdfs:range xsd:string .
nw:stateCapital a gb4o:LevelAttribute ;

rdfs:label "State Capital"@en; rdfs:range xsd:string .

# -- Region level

nw:region a gb4o:LevelProperty ;
rdfs:label "Region Level"@en ;
gb4o:hasAttribute nw:regionCode ;
gb4o:hasAttribute nw:regionName ;
skos:broader nw:country .

nw:regionCode a gb4o:LevelAttribute ;
rdfs:label "Region Code"@en ; rdfs:range xsd:string .
nw:regionName a qb4o:LevelAttribute ; rdfs:label "Region Name"@en ;
rdfs:range xsd:string .
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Employee dimension schema

# -- Country level

nw:country a gb4o:LevelProperty ;
rdfs:label "Country Level"@en ;
gb4o:hasAttribute nw:countryName ;
gb4o:hasAttribute nw:countryCode ;
gb4o:hasAttribute nw:countryCapital ;
gb4o:hasAttribute nw:population ;
gb4o:hasAttribute nw:subdivision ;
skos:broader nw:continent .

nw:countryName a gb:LevelAttribute ;
rdfs:label "Country Name" @en ; rdfs:range xsd:string .
nw:countryCode a gb4o:LevelAttribute ; rdfs:label "Country Code"@en ;
rdfs:range xsd:string .
nw:countryCapital a gb4o:LevelAttribute ;
rdfs:label "Country Capital"@en ;
rdfs:range xsd:string .
nw:population a gb4o:LevelAttribute ; rdfs:label "Population"@en;
rdfs:range xsd:positivelnteger .
nw:subdivision a gb4o:LevelAttribute ; rdfs:label "Subdivision"@en ;
rdfs:range xsd:string .
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Employee dimension schema

# -- Continent level

nw:continent a gb4o:LevelProperty ;
rdfs:label "Continent Level"@en ;
gb4o:hasAttribute nw:continentName .

nw:continentName a gb4o:LevelAttribute ;

rdfs:label "Continent Name"@en ;
rdfs:range xsd:string .
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Northwind DW: Instances

* Instances can be produced through R2RML, importing
from a Relational DW

* Input:
* A mapping file
e AROLAP DW
* Qutput:

* Triples representing instances

* Triples produced by an engine (in this case, Spyder)
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Instances: Employee dimension - mapping

<#TriplesMapEmployee> a rr:TriplesMap ;
rr:logicalTable [ rr:tableName "Employee" ] ;
rr:subjectMap [

rr:termType rr:lRI;

rr:template "http://dwbook.org/cubes/instances/northwind/Employee#{EmployeeKey}" ;
1
rr:predicateObjectMap [

rr:predicate qb4o:memberOf;

rr:object nw:employee ;
l;
rr:predicateObjectMap [

rr:predicate nw:employeelD ;

rr:objectMap [ rr:column "EmployeeKey" ] ;
l;
rr:predicateObjectMap [

rr:predicate nw:firstName ;

rr:objectMap [ rr:column "FirstName" ] ;
l;
rr:predicateObjectMap [

rr:predicate nw:lastName ;

rr:objectMap [ rr:column "LastName" ] ;

l;
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Instances: Employee dimension - mapping

rr:predicateObjectMap [

rr:predicate nw:title ;

rr:objectMap [ rr:column "Title" ] ; 1;
rr:predicateObjectMap [

rr:predicate nw:addressCity ;

rr:objectMap [ rr:column "City" ]; 1;
rr:predicateObjectMap [

rr:predicate nw:addressRegion ;

rr:objectMap [ rr:column "Region" ];];
rr:predicateObjectMap [

rr:predicate nw:addressPostalCode ;

rr:objectMap [ rr:column "PostalCode" ];];
rr:predicateObjectMap [

rr:predicate nw:addressCountry ;

rr:objectMap [ rr:column "Country" ];1;
rr:predicateObjectMap [

rr:predicate skos:broader ;

rr:objectMap [

rr:termType rr:RI;

rr:template "http://dwbook.org/cubes/instances/northwind/Employee#{SupervisorKey}" ] ;

].
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Instances: Employee dimension - triples

<http://dwbook.org/cubes/instances/northwind/Employee#8>
<http://dwbook.org/cubes/schemas/northwind#birthDate> "1958-01-09" ;
<http://dwbook.org/cubes/schemas/northwind#addressPostalCode> "98105" ;
<http://dwbook.org/cubes/schemas/northwind#employeelD> 8 ;
<http://dwbook.org/cubes/schemas/northwind#addressRegion> "WA" ;
<http://www.w3.0rg/2004/02/skos/core#broader>
<http://dwbook.org/cubes/instances/northwind/City#125>,
<http://dwbook.org/cubes/instances/northwind/City#102>,
<http://dwbook.org/cubes/instances/northwind/City#120>,
<http://dwbook.org/cubes/instances/northwind/Employee#2>,
<http://dwbook.org/cubes/instances/northwind/City#79> ;
<http://dwbook.org/cubes/schemas/northwind#addressCountry> "USA" ;
<http://dwbook.org/cubes/schemas/northwind#hireDate> "1994-03-05" ;
<http://dwbook.org/cubes/schemas/northwind#lastName> "Callahan" ;
<http://dwbook.org/cubes/schemas/northwind#addressCity> "Seattle" ;
<http://dwbook.org/cubes/schemas/northwind#firstName> "Laura” ;
<http://dwbook.org/cubes/schemas/northwind#title> "Inside Sales Coordinator" ;
<http://dwbook.org/cubes/schemas/northwind#addressStreet> "4726 - 11th Ave. N.E.";
<http://purl.org/gb4olap/cubes#memberOf> <http://dwbook.org/cubes/schemas/northwind#employee> .
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Northwind DW: Observations — mapping

<#TriplesMapSales> a rr:TriplesMap ;
# rr:logicalTable [ rr:tableName "Sales" ] ;
rr:logicalTable [

rr:sqlQuery """

SELECT CustomerKey, EmployeeKey, OrderDateKey, DueDateKey, ShippedDateKey, ShipperKey, ProductKey, SupplierKey,
CAST(OrderNo AS NVARCHAR) AS OrderNo, CAST(OrderLineNo AS NVARCHAR) AS OrderLineNo, UnitPrice, Quantity, Discount,
SalesAmount, Freight, SalesAmount-Freight AS NetAmount

FROM Sales """ ;

rr:sqlVersion rr:MSSQLServer ;

rr:projectedColumns "CUSTOMERKEY EMPLOYEEKEY ORDERDATEKEY DUEDATEKEY SHIPPEDDATEKEY SHIPPERKEY PRODUCTKEY

SUPPLIERKEY ORDERNO ORDERLINENO UNITPRICE QUANTITY DISCOUNT SALESAMOUNT FREIGHT NETAMOUNT" ; ];

rr:subjectMap [
rr:termType rr:IRI;
rr:template "http://dwbook.org/cubes/instances/northwind/Sales#{OrderNo}:{OrderLineNo}" ;
rr:class gb:Observation ; ] ;

rr:predicateObjectMap [
rr:predicate qb:dataSet ;
rr:object nw:datasetl ;] ;

rr:predicateObjectMap [
rr:predicate nw:customer ;
rr:objectMap [
rr:termType rr:IRI;
rr:template "http://dwbook.org/cubes/instances/northwind/Customer#{CustomerKey}" ] ;
l;
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Northwind DW: Observations — mapping

rr:predicateObjectMap [

rr:predicate nw:employee ;

rr:objectMap [

rr:termType rr:RI;

rr:template "http://dwbook.org/cubes/instances/northwind/Employee#{EmployeeKey}"]; ] ;
rr:predicateObjectMap [

rr:predicate nw:orderDate ;

rr:objectMap [

rr:termType rr:RI;

rr:template "http://dwbook.org/cubes/instances/northwind/Time#{OrderDateKey}" ] ; | ;
rr:predicateObjectMap [

rr:predicate nw:dueDate ;

rr:objectMap [

rr:termType rr:IRI;

rr:template "http://dwbook.org/cubes/instances/northwind/Time#{DueDateKey}" ]; ] ;
rr:predicateObjectMap [

rr:predicate nw:shippedDate ;

rr:objectMap [

rr:termType rr:lRI;

rr:template "http://dwbook.org/cubes/instances/northwind/Time#{ShippedDateKey}"]; ] ;
rr:predicateObjectMap [

rr:predicate nw:shipper ;

rr:objectMap [

rr:termType rr:IRI;

rr:template "http://dwbook.org/cubes/instances/northwind/Shipper#{ShipperKey}" ]; ] ;
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Northwind DW: Observations — mapping

rr:predicateObjectMap [

rr:predicate nw:product ;

rr:objectMap [

rr:termType rr:RI;

rr:template "http://dwbook.org/cubes/instances/northwind/Product#{ProductKey}" ]; ] ;
rr:predicateObjectMap [

rr:predicate nw:supplier ;

rr:template "http://dwbook.org/cubes/instances/northwind/Supplier#{SupplierkKey}" 1; 1;
rr:predicateObjectMap [
rr:predicate nw:order ;

rr:template "http://dwbook.org/cubes/instances/northwind/Order#{OrderNo}:{OrderLineNo}"]; ];
rr:predicateObjectMap [

rr:predicate nw:quantity ;

rr:objectMap [ rr:column "Quantity" 1; 1;
rr:predicateObjectMap [

rr:predicate nw:unitPrice ;

rr:objectMap [ rr:column "UnitPrice" ]; ];
rr:predicateObjectMap [

rr:predicate nw:discount ;

rr:objectMap [ rr:column "Discount" ] ; ] ;
rr:predicateObjectMap [

rr:predicate nw:salesAmount ;

rr:objectMap [ rr:column "SalesAmount"]; ] ;

].
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Northwind DW: Observations - triples

<http://dwbook.org/cubes/instances/northwind/Sales#10619:1>
a <http://purl.org/linked-data/cube#Observation>;
<http://purl.org/linked-data/cube#tdataSet> <http://dwbook.org/cubes/instances/northwind#dataset1> ;
<http://dwbook.org/cubes/schemas/northwind#product>
<http://dwbook.org/cubes/instances/northwind/Product#21> ;
<http://dwbook.org/cubes/schemas/northwind#order>
<http://dwbook.org/cubes/instances/northwind/Order#10619:1>;
<http://dwbook.org/cubes/schemas/northwindt#temployee>
<http://dwbook.org/cubes/instances/northwind/Employeet3>
<http://dwbook.org/cubes/schemas/northwind#supplier>
<http://dwbook.org/cubes/instances/northwind/Supplier#8> ;
<http://dwbook.org/cubes/schemas/northwind#dueDate>
<http://dwbook.org/cubes/instances/northwind/Time#428> ;
<http://dwbook.org/cubes/schemas/northwind#shipper>
<http://dwbook.org/cubes/instances/northwind/Shipper#3> ;
<http://dwbook.org/cubes/schemas/northwind#shippedDate>
<http://dwbook.org/cubes/instances/northwind/Time#403> ;
<http://dwbook.org/cubes/schemas/northwind#customer>
<http://dwbook.org/cubes/instances/northwind/Customer#315> ;
<http://dwbook.org/cubes/schemas/northwind#orderDate>
<http://dwbook.org/cubes/instances/northwind/Time#400> ;
<http://dwbook.org/cubes/schemas/northwind#quantity> 42 ;
<http://dwbook.org/cubes/schemas/northwind#unitPrice> "10.0000"**xsd:decimal ;
<http://dwbook.org/cubes/schemas/northwind#tsalesAmount> "420.0000"**xsd:decimal ;
<http://dwbook.org/cubes/schemas/northwind#freight> "45.5250" M xsd:decimal ;
<http://dwbook.org/cubes/schemas/northwind#discount> "0.0"*xsd:float ;
<http://dwbook.org/cubes/schemas/northwind#tnetAmount> "374.4750" M xsd:decimal ;
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How can we use QB40OLAP ?

(3) Building a QB4OLAP cube from scratch
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How can we use QB40OLAP ?

(3) Building a QB4OLAP cube from scratch

The simplest case: Same techniques applied...
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Outline

* The Semantic Web

 RDF and SPARQL Basics

* Vocabularies for OLAP on the SW: QB and QB40OLAP

* Modeling Data Cubes on the Semantic Web using QB40OLAP
 Querying Data Cubes on the Semantic Web

* Summary
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Querying Data Cubes: Cube Algebra

 Ultimate goal: a user-oriented model for OLAP: A data model based on cubes
* High-level OLAP query language needed
* Not possible without dimension structure
QB only represents dimension instances, only “manual” SPARQL queries

 Algebra based on Ciferri et al., Cube Algebra: A Generic User-Centric Model and
Query Language for OLAP Cubes. |IDWM 9(2): 39-65 (2013)

* Cube Algebra queries automatically translated to SPARQL (after simplification)

* Example: Market capitalization by geographical region

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>;
PREFIX data: <http://worldbank.270a.info/dataset/>;

SC1 := SLICE (data:CM.MKT.LCAP.CD, schema:timeDim);

SC2 := ROLLUP (5C1, schema:geoDim, schema:region);
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Cube Algebra simplification

e Elimination of redundancy

* Equivalence rules defined

* Produces a query, equivalent to the original one
* Rules (If query does not contain DICE operators)

* Rule 1: Replace all the operations that use ROLLUP and
DRILLDOWN over the same dimension, with a single ROLLUP
from the bottom level of the dimension

* Rule 2: When there is a SLICE, and a sequence of ROLLUP and
DRILLDOWN operations over a certain dimension, delete the
sequence of ROLLUPs and DRILLDOWNs and keep only the
SLICE over this dimension

* Rule 3: Perform SLICE operations as soon as posible
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Cube Algebra simplification

* |If query contains DICE
 We assume queries are of the form
(ROLLUP | SLICE |DRILLDOWN)* (DICE)*
* DICE always at the end
* We can split the query:
* One part does not contain DICE statement, the other one does
 We apply rules over the first part
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Cube Algebra simplification

» Example (Eurostat): Asylum applications by year and continent - Query 1

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
PREFIX data: <http://eurostat.linked-statistics.org/data/>;

QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim, schema:continent);
SC2 := ROLLUP (5C1, schema:citizenshipDim, schema:citAll);

SC3 := ROLLUP (5C2, schema:timeDim, schema:year);

SC4 := DRILLDOWN (5C3, schema:citizenshipDim, schema:continent);

Redundant query — Simplified using Rule 1

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim, schema:continent);
SC2 := ROLLUP (5C1, schema:timeDim, schema:year);
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Cube Algebra simplification

* Another example (Eurostat): Asylum applications by year - Query 2

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
PREFIX data: <http://eurostat.linked-statistics.org/data/>;

QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim, schema:continent);
SC2 := SLICE (SC1, schema:citizenshipDim);

SC3 := ROLLUP (5C2, schema:timeDim, schema:year);

Rule 2, avoids the ROLLUP over schema:citizenshipDim dimension

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
QUERY

SC1 := SLICE(data:migr_asyappctzm, schema:citizenshipDim);

SC2 := ROLLUP(SC1,schema:timeDim,schema:year);
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Cube Algebra simplification

 Another example (Eurostat): Example with the WBLD — Yearly Market
capitalization by income level - Query 3

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>;

PREFIX data: <http://worldbank.270a.info/dataset/>;

QUERY

SC1 := ROLLUP (<http://worldbank.270a.info/dataset/CM.MKT.LCAP.CD>,
schema:geoDim,schema:geoAll);

SC2 := DRILLDOWN ($C1, schema:geoDim, schema:income);

The simplification gives

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>;
PREFIX data: <http://worldbank.270a.info/dataset/>;

QUERY

SC1 := ROLLUP (data:CM.MKT.LCAP.CD, schema:geoDim, schema:income) ;
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Cube Algebra simplification

* A more complex query, over the Northwind DW: Total sales amount per
customer, year, and product category (Query 4.1 in VZ book) - Query 4

SC1 := ROLLUP(data:dataset1, nw:customerDim, nw:city);
SC2 := ROLLUP(SC1,nw:orderDateDim, nw:quarter);

SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := SLICE(SC3, nw:supplierDim);

SC5 := SLICE(SC4, nw:dueDateDim);

SC6 := ROLLUP(SC5,nw:orderDateDim, nw:year);

SC7 := SLICE(SC6, nw:employeeDim);

SC8 := ROLLUP(SC7,nw:productDim, nw:category);

SC9 := SLICE(SC8, nw:quantity);

SC10 := SLICE(SC9, nw:unitPrice);

SC11 := SLICE(SC10, nw:discount);

SC12 :=SLICE(SC11, nw:freight);

SC13 := SLICE(SC12, nw:netAmount);

SC14 := DRILLDOWN(SC13,nw:customerDim, nw:customer);
SC15 := SLICE(SC14, nw:orderDim);

SC16 := SLICE(SC15, nw:shipperDim);
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Cube Algebra simplification

* A more complex query, over the Northwind DW: Total sales amount per
customer, year, and product category (Query 4.1 in VZ book) - Query 4

SC1 := ROLLUP(data:dataset1, nw:customerDim, nw:city);

SC2 := ROLLUP(SC1,nw:orderDateDim, nw:quartey);
SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := SLICE(SC3, nw:supplierDim);

SC5 := SLICE(SC4, nw:dueDateDim);

SC6 := ROLLUP(SC5,nw:orderDateDim, nw:year);
SC7 := SLICE(SC6, nw:employeeDim);

SC8 := ROLLUP(SC7,nw:productDim, nw:category);
SC9 := SLICE(SCS8, nw:quantity);

SC10 := SLICE(SC9, nw:unitPrice);

SC11 := SLICE(SC10, nw:discount);

SC12 :=SLICE(SC11, nw:freight);

SC13 := SLICE(SC12, nw:netAmount);

ROLLUP(SC2-6,nw:orderDateDim,nw:year)

SC14 := DRILLDOWN(SC13,nw:customerDim, nw:customer);

SC15 := SLICE(SC14, nw:orderDim);
SC16 := SLICE(SC15, nw:shipperDim);
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Cube Algebra simplification

* A more complex query, over the Northwind DW: Total sales amount per
customer, year, and product category (Query 4.1 in VZ book) - Query 4

$C1 := ROLLUP(data:dataset1, nw:customerDim, nw:city);

SC2 := ROLLUP(SC1,nw:orderDateDim, nw:quarter);
SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := SLICE(SC3, nw:supplierDim);

SC5 := SLICE(SC4, nw:dueDateDim);

SC6 := ROLLUP(SC5,nw:orderDateDim, nw:year);

SC7 := SLICE(SC6, nw:employeeDim);

ROLLUP($C1-14,nw:customerDim,nw:customer)

SC8 := ROLLUP(SC7,nw:productDim, nw:category);
SC9 := SLICE(SC8, nw:quantity);

SC10 := SLICE(SC9, nw:unitPrice);

SC11 := SLICE(SC10, nw:discount);

SC12 :=SLICE(SC11, nw:freight);

SC13 := SLICE(SC12, nw:netAmount);

SC14 := DRILLDOWN($C13,nw:customerDim, nw:customer);

SC15 := SLICE(SC14, nw:orderDim);
SC16 := SLICE(SC15, nw:shipperDim);
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Cube Algebra simplification

* Total sales amount per customer, year, product category - Query 4 Simplified
* Replace ROLLUPS, put all together

SC1 := SLICE(data:datasetl, MEASURES(nw:quantity));
SC2 := SLICE(SC1, MEASURES(nw:unitPrice));

SC3:= SLICE(SC2, MEASURES(nw:discount));

SC4:= SLICE(SC3, MEASURESNH(w:freight));

SC5:= SLICE(SC4, MEASURES(nw:netAmount));

SC6:= SLICE(SC5, nw:dueDateDim);

SC7:= SLICE(SC6, nw:employeeDim);

SC8:= SLICE(SC7, nw:shippedDateDim);

SC9:= SLICE(SC8, nw:supplierDim);

SC10:= SLICE(SC9, nw:orderDim);

SC11:= SLICE(SC10, nw:shipperDim);

S$C12:= ROLLUP($C11,nw:customerDim,nw:customer)
$C13:= ROLLUP(SC12,nw:orderDateDim,nw:year);
SC14:= ROLLUP(SC13,nw:productDim,nw:category);
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Cube Algebra simplification

 Another query over NW DW: Yearly sales amount for each pair of customer
country and supplier countries (Query 4.2 in VZ book) — Query 5

SC1 := ROLLUP(<http://dwbook.org/cubes/instances/northwind#dataset1>,nw:customerDim, nw:city);
SC2 := ROLLUP(SC1,nw:orderDateDim, nw:quarter);
SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := ROLLUP(SC3, nw:supplierDim, nw:country);
SC5 := SLICE(SC4, nw:dueDateDim);

SC6 := ROLLUP(SC5,nw:orderDateDim, nw:year);

SC7 := SLICE(SC6, nw:employeeDim);

SC8 := SLICE(SC7,nw:productDim);

SC9 := SLICE(SC8, MEASURES(nw:quantity));

SC10 := SLICE(SC9, MEASURES(nw:unitPrice));

SC11 :=SLICE(SC10, MEASURES(nw:discount));

SC12 :=SLICE(SC11, MEASURES(nw:freight));

SC13 :=SLICE(SC12, MEASURES(nw:netAmount));
SC14 := ROLLUP(SC13,nw:customerDim, nw:country);
SC15 := SLICE(SC14, nw:orderDim);

SC16 := SLICE(SC15, nw:shipperDim);
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Cube Algebra simplification

* Another query over NW DW: Yearly sales amount for each pair of customer
country and supplier country (Query 4.2 in VZ book) — Query 5

SC1 := ROLLUP(data:datasetl, nw:customerDim, nw:city);
$C2 := ROLLUP(SC1,nw:orderDateDim, nw:quarter);
SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := ROLLUP(SC3, nw:supplierDim, nw:country);
SC5 := SLICE(SC4, nw:dueDateDim);

$C6 := ROLLUP(SC5,nw:orderDateDim, nw:year);

SC7 := SLICE(SC6, nw:employeeDim);

SC8 := SLICE(SC7,nw:productDim);

SC9 := SLICE(SCS8, nw:quantity);

SC10 := SLICE(SC9, nw:unitPrice);

SC11 := SLICE(SC10, nw:discount);

SC12 :=SLICE(SC11, nw:freight);

SC13 := SLICE(SC12, nw:netAmount);

$C14 := ROLLUP(SC13,nw:customerDim, nw:country);
SC15 := SLICE(SC14, nw:orderDim);

SC16 := SLICE(SC15, nw:shipperDim);
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Cube Algebra simplification

* Yearly sales amount for each pair of customer country and supplier country —
Query 5 Simplified

SC1:= SLICE(data:datasetl, MEASURES(nw:quantity));
SC2:= SLICE(SC1, MEASURES(nw:unitPrice));

SC3:= SLICE(SC2, MEASURES(nw:discount));

SC4:= SLICE(SC3, MEASURES((nw:freight));

SC5:= SLICE(SC4, MEASURES(nw:netAmount));
SC6:= SLICE(SC5,nw:dueDateDim);

SC7:= SLICE(SC6,nw:employeeDim);

SC8:= SLICE(SC7,nw:productDim);

SC9:= SLICE(SC8,nw:shippedDateDim);

SC10:= SLICE(SC9,nw:orderDim);

SC11:= SLICE(SC10,nw:shipperDim);
$C12:=ROLLUP(SC11,nw:customerDim,nw:country);
$C13:=ROLLUP($C12,nw:orderDateDim,nw:year);
SC14:=ROLLUP(SC13,nw:supplierDim,nw:country);
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Cube Algebra simplification

 Another query over NW DW: Total sales amount, and sum of the quantities solc
for each order. (Variation of Query 4.13 in VZ book) — Query 6

SC1 := ROLLUP(data:dataset1, nw:customerDim, nw:city);
SC2 := ROLLUP(SC1,nw:orderDateDim, nw:quarter);
SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := ROLLUP(SC3, nw:supplierDim, nw:country);
SC5 := SLICE(SC4, nw:dueDateDim);

SC6 := SLICE(SC5,nw:orderDateDim);

SC7 := SLICE(SC6, nw:employeeDim);

SC8 := SLICE(SC7,nw:productDim);

SC9 := SLICE(SC10, nw:unitPrice);

SC10 := SLICE(SC11, nw:discount);

SC11 :=SLICE(SC12, nw:freight);

SC12 := SLICE(SC13, nw:netAmount);

SC13 := SLICE(SC12, nw:shipperDim);

SC14 := SLICE(SC13, nw:customerDim);

SC15 := SLICE(SC14, nw:supplierDim);
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Cube Algebra simplification

* Another query over NW DW: Total sales amount, and sum of the quantities solc
for each order. (Variation of Query 4.13 in VZ book) — Query 6

$C1 := ROLLUP(data:dataset1, nw:customerDim, nw:city);
$C2 := ROLLUP(SC1,nw:orderDateDim, nw:quarter);
SC3 := SLICE(SC2, nw:shippedDateDim);

SC4 := ROLLUP(SC3, nw:supplierDim, nw:country);
SC5 := SLICE(SC4, nw:dueDateDim);

$C6 := SLICE(SC5,nw:orderDateDim);

SC7 := SLICE(SC6, nw:employeeDim);

SC8 := SLICE(SC7,nw:productDim);

SC9 := SLICE(SC10, nw:unitPrice);

SC10 := SLICE(SC11, nw:discount);

SC11 :=SLICE(SC12, nw:freight);

SC12 := SLICE(SC13, nw:netAmount);

SC13 := SLICE(SC12, nw:shipperDim);

SC14 := SLICE($C13, nw:customerDim);

SC15 := SLICE($C14, nw:supplierDim);
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Cube Algebra simplification

* Total sales amount, and sum of the quantities sold for each order - Query 6
Simplified

SC1 := SLICE(data:dataset1l, MEASURES(nw:unitPrice));
SC2 := SLICE(SC1, MEASURES(nw:discount));
SC3 := SLICE(SC2, MEASURES(nw:freight));

SC4 := SLICE(SC3, MEASURES(nw:netAmount));
SC5 := SLICE($C4, nw:customerDim);

SC6 := SLICE(SC5, nw:dueDateDim);

SC7 := SLICE(SC6, nw:employeeDim);

$C8 := SLICE(SC7, nw:orderDateDim);

SC9 := SLICE(SCS8, nw:productDim);

SC10 := SLICE(SC9, nw:shippedDateDim);

SC11 := SLICE($C10, nw:supplierDim);

SC12 :=SLICE(SC11, nw:shipperDim);
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Cube Algebra simplification

* Queries containing DICE (Eurostat): Asylum applications submitted by African
citizens, with destination France - Query 7

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX property: <http://eurostat.linked-statistics.org/property#>;

QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim,schema:continent);

SC2 :=SLICE (SC1, schema:asylappDim);

SC3 := ROLLUP (5C2, schema:timeDim, schema:year);

SC4 := SLICE (SC3, schema:asylappDim);

SC5 := SLICE (SC4, schema:ageDim);

SC6 := SLICE (SC5, schema:sex);

SC7 := DICE (5C6, (schema:citizenshipDim | schema:continent | schema:continentName = "Africa"));
SC8 := DICE (SC7, (schema:destinationDim | property:geo | schema:countryName = "France"));
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Cube Algebra simplification

e Queries containing DICE (Eurostat): Asylum applications submitted in 2013 by
African citizens, with destination France - Query 7 simplified

The simplification returns:

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX property: <http://eurostat.linked-statistics.org/property#>;

QUERY

SC1 := SLICE (data:migr_asyappctzm, schema:ageDim);

SC2 := SLICE (SC1, schema:sex);

SC3 := SLICE (SC2, schema:asylappDim);

SC4 := ROLLUP (5C3, schema:timeDim, schema:year);

SC5 := ROLLUP (5C4, schema:citizenshipDim,schema:continent);

SC6 := DICE (SC5, (schema:citizenshipDim | schema:continent | schema:continentName = "Africa"));
SC7 := DICE (5C6, (schema:destinationDim | property:geo|schema:countryName = "France"));

7/6/2015 DW & OLAP on the Semantic Web 177



Cube Algebra simplification

* Queries containing DICE (Eurostat): Asylum applications by year submitted by
Asian citizens, where applications count > 5000 with destination France or
Germany - Query 8

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX property: <http://eurostat.linked-statistics.org/property#>;

PREFIX sdmx-measure:<http://purl.org/linked-data/sdmx/2009/measure#> ;

QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim,schema:citAll);

SC2 := ROLLUP (5C1, schema:timeDim, schema:year);

SC3 := DRILLDOWN (5C2, schema:citizenshipDim,schema:continent);

SC4 := DICE (SC3, (schema:citizenshipDim|schema:continent|schema:continentName = "Asia"));

SC5 := DICE (SC4, ( sdmx-measure:obsValue > 5000 AND
(schema:destinationDim | property:geo|schema:countryName = "France") OR
(schema:destinationDim | property:geo|schema:countryName = "Germany")));
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Cube Algebra simplification

* Queries containing DICE (Eurostat): Asylum applications by year submitted by
Asian citizens, where applications count > 5000 with destination France or
Germany Query 8 simplified

The simplification returns:

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX property: http://eurostat.linked-statistics.org/property#>;

PREFIX sdmx-measure:<http://purl.org/linked-data/sdmx/2009/measure#> ;

QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim,schema:citAll);

SC2 := ROLLUP (5C1, schema:timeDim, schema:year);

SC3 := DRILLDOWN (5C2, schema:citizenshipDim,schema:continent);

SC4 := DICE (SC3, (schema:citizenshipDim | schema:continent | schema:continentName = "Asia"));

SC5 := DICE (SC4, ( sdmx-measure:obsValue > 5000 AND
(schema:destinationDim | property:geo |schema:countryName = "France") OR
(schema:destinationDim | property:geo|schema:countryName = "Germany")));
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Cube Algebra to SPARQL translation

Goal: Develop a mechanism to translate a sequence a Cube Algebra
expressions into a SPARQL query

* Two cases:
* Cube Algebra queries that do not contain DICE operations (1)

* Cube Algebra queries that contain DICE operations (2)
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Cube Algebra to SPARQL translation

(1) We apply the rules, s.t., for each dimension in the data cube, only one of
the following conditions holds:

* No operation is performed over dimension D
* A ROLLUP operation is performed over dimension D

* Implemented navigating the roll-up relationships between
members, guided by the dimension hierarchy

e A SLICE operation is performed over dimension D

» “Slice-out” dimensions, after aggregating measures up to the ALL
level of the dimension (similar mechanism as in ROLLUP)
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Cube Algebra to SPARQL translation

(2) Rules have already been applied to the first part of the query
* The second part of the query contains only DICE operations
* Each DICE is associated with a condition over measures and/or attribues
* We implement DICE conditions using SPARQL FILTER clauses
Steps:
1. Apply the previous method to produce a SPARQL query for the non-diced part

* We call this the “inner query”
2. Create a new SPARQL query (“outer query”) s.t.:

(a) The SELECT clause has the same variables than the one of the inner query

(b) The WHERE clause of the outer query contains:
* The inner query
* Graph patterns to obtain the values of the attributes in DICE conditions

* A FILTER clause with the conjunction of the conditions of all the DICE operations
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Cube Algebra to SPARQL translation

Simplified Query 1

» Asylum applications by year and continent

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim, schema:continent);
SC2 := ROLLUP (5C1, schema:timeDim, schema:year);
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Cube Algebra to SPARQL translation

Query 1 Asylum applications by year and continent

SELECT ?Im1 ?Im2 ?plm1 ?Im4 ?Im5 ?plm?2
(SUM(<http://www.w3.0rg/2001/XMLSchemattinteger>(?m1)) as ?agl)

FROM <http://www.fing.edu.uy/inco/cubes/instances/migr_asyapp_clean>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyappctzmQB40>

WHERE { 70 a qb:Observation .

?0 gb:dataSet <http://eurostat.linked-statistics.org/data/migr_asyappctzm> ..

?0 <http://purl.org/linked-data/sdmx/2009/measuref#fobsValue> ?m1 .

?0 <http://eurostat.linked-statistics.org/property#age> ?Im1 .

?0 <http://eurostat.linked-statistics.org/property#asyl_app> ?Im2 .

?0 <http://eurostat.linked-statistics.org/property#geo> ?Im4 .
?0 <http://eurostat.linked-statistics.org/property#sex> ?Im5 .

Bottom levels to be displayed

?0 <http://eurostat.linked-statistics.org/property#citizen> ?Im3 .
?Im3 gb4o:memberOf <http://eurostat.linked-statistics.org/property#citizen> . ?Im3 skos:broader ?pim1
?plm1 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#continent> .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#trefPeriod> ?Im6 .

?Im6 gb4o:memberOf <http://purl.org/linked-data/sdmx/2009/dimension#trefPeriod> .

?Im6 skos:broader ?plm2 . ?plm2 gb4o:memberOf
<http://www.fing.edu.uy/inco/cubes/schemas/migr_asyappttyear>. }

GROUP BY ?Im1 ?Im2 ?pIm1 ?Im4 ?Im5 ?plm2
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Cube Algebra to SPARQL translation
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Cube Algebra to SPARQL translation

Simplified Query 1, dropping the dimensions not in the answer:

» Asylum applications by year and continent

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
QUERY

SC1 := ROLLUP

(<http://eurostat.linked-statistics.org/data/migr_asyappctzm>,
schema:citizenshipDim,schema:continent);

SC2 := SLICE(SC1, schema:ageDim);

SC3 := SLICE(SC2, schema:destinationDim);

SC4 := SLICE(SC3, schema:sex);

SC5 := ROLLUP (5C4, schema:timeDim, schema:year);

SC6 := SLICE(SC5, schema:asylappDim);
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Cube Algebra to SPARQL translation

Query 1 dropping the dimensions not in the answer:

SELECT ?plm1 ?plm2 (SUM(<http://www.w3.0org/2001/XMLSchemattinteger>(?m1)) as ?agl)
FROM <http://www.fing.edu.uy/inco/cubes/instances/migr_asyapp_clean>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyappctzmQB40>

WHERE { ?0 a gb:Observation .

?0 gb:dataSet <http://eurostat.linked-statistics.org/data/migr_asyappctzm> .

?0 <http://purl.org/linked-data/sdmx/2009/measurettobsValue> ?m1 .

?0 <http://eurostat.linked-statistics.org/property#citizen> ?Im1 .

?Im1 gb4o:memberOf <http://eurostat.linked-statistics.org/propertyttcitizen> .

?Im1 skos:broader ?plm1 .

?plm1 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#continent> .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> ?Im2 .

?Im2 gb4o:memberOf <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> .
?Im2 skos:broader ?plm2 .

?plm2 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#year> .

}
GROUP BY ?pim1 ?plm2
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Cube Algebra to SPARQL translation
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hitp/iwww.fing.edu.uy/inco/cubes/dims/migr_asyapp
[citizen#5A

kit famsnar finn ado indinendenhac idime imine . acuann

Showing 1 to 10 of 12 rows | 10 « | records per page

Search

Year

http://purl.org/gb4olap/dimensions
Aime#2013

http://purl.org/gb4olap/dimensions
fime#2013

http//purl.org/gb4olap/dimensions
fime#2013

http://purl.org/gb4olap/dimensions
Aime#2013

httn-iinrl AarninhAnlanidimancinne

]
c B m.

SUM(cbsValue)

316720 z
231040

247415
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Cube Algebra to SPARQL translation

Simplified Query 2

* Asylum applications by year

PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
QUERY

SC1 := SLICE(data:migr_asyappctzm,D(schema:citizenshipDim));

SC2 := ROLLUP(SC1,schema:timeDim,schema:year);
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Cube Algebra to SPARQL translation

Query 2 Asylum applications by year

SELECT ?Im1 ?Im2 ?Im3 ?Im4 ?pIim1
(SUM(<http://www.w3.0rg/2001/XMLSchema#tinteger>(?m1)) as ?agl)

FROM <http://www.fing.edu.uy/inco/cubes/instances/migr_asyapp_clean>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyappctzmQB40>

WHERE { ?0 a gb:Observation .

?0 gb:dataSet <http://eurostat.linked-statistics.org/data/migr_asyappctzm> .

?0 <http://purl.org/linked-data/sdmx/2009/measurefobsValue> ?m1.

?0 <http://eurostat.linked-statistics.org/propertyf#ftage> ?Im1 .

?0 <http://eurostat.linked-statistics.org/property#asyl_app> ?Im2..

?0 <http://eurostat.linked-statistics.org/property#geo> ?Im3 .

?0 <http://eurostat.linked-statistics.org/property#tsex> ?Im4 .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> ?Im5 .

?Im5 gb4o:memberOf <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> .

?Im5 skos:broader ?plm1 .

?plm1 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#year> .

}
GROUP BY ?Im1 ?Im2 ?Im3 ?Im4 ?pIlm1
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Cube Algebra to SPARQL translation

Archivo Editar Ver Historial Marcadores Herramientas Ayuda - o

Y. -
[] Recibidos (1) - avaisman@i... % | [“] Inbox (4] - alejandrovaism... le' 23 https/fwww fi.. tsparglquery % '\\+

€ & www fing.edu.uy/inco/grupos/csi/apps/qbdolap/getsparglquery a || Q Buscar ﬁ B ¥+ # 9 a =

IusE Y _ooyappoenn
Schema graph:http:/fwww fing.edu.uy/inco/cubes/schemas

L EETELE AT «3 SPARQL Query results v
Instance graph:http:/fwww.fing.edu.uy/inco/cubesfinstances

Imigr_asyapp_clean

Number of observations: 150946
: Search o B m.
Nortwind DW example
Type of applicant Country of asylum application Sex Year SUM(obsValue)
Schema URI: hitp://dwbook org/cubes/schemas
; ) n
Inorthwind#Northwind ) http:/feurostat.linked- hitp:/feurostat. linked-statistics.org http-/feurostat.linked-  htip://purl.org 750
Dataset URI:hitp://dwbook org/cubes/instances e ) e
Inorthwindédataseit statistics.org /dic/geo#CH statistics.org /gb4olap
Schema graph:http://wwifing.edu.uy/inco/cubes/schemas iClesyIRappAAs YA [IAEEF (OIS
Inorthwind [Enek20ls
Instance graph:hitp:/iwww.fing.edu.uy/inco/cubes/instances
Inorthwind http/feurostat linked- hitp ffeurostat linked-statistics.org http-ffeurostat linked-  hitp2//purl.org 8190
Number of observations:2027 statistics.org /dic/geo#DE statistics.org fqbdolap
Idic/asyl_app#ASY_APP /dic/sex#F /dimensions
fMime#2013
& Cube structure
http://eurostat.linked- http:/feurostat.linked-statistics.org http:feurostat.linked-  hitp:/pur.org 23195 "
. et e PR R

@ Age class dimension v

@ Type of applicant dimension v Showing 1 to 10 of 1178 rows | 10 -  records per page « < n 2 3 4
@ Applicant citizenship dimension w

@ Asylum geographical destination dimension s

@3Sexwv

@ Time dimension w

4]

Measures v

S0l o 12:43 p.m.

01/07/2015
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Cube Algebra to SPARQL translation

Simplified Query 3

 WBLD - Yearly Market capitalization by income level

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#>;
PREFIX data: <http://worldbank.270a.info/dataset/>;

QUERY

SC1 := ROLLUP (data:CM.MKT.LCAP.CD, schema:geoDim, schema:income)
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Cube Algebra to SPARQL translation

Query 3

SELECT ?plm1 ?Im2 (SUM(?m1) as ?agl)

FROM <http://www.fing.edu.uy/inco/cubes/instances/wbld>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/wbld>

WHERE { ?0 a gb:Observation .

?0 gb:dataSet <http://worldbank.270a.info/dataset/CM.MKT.LCAP.CD> .

?0 <http://purl.org/linked-data/sdmx/2009/measure#tobsValue> ?m1 .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> ?Im2 .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#refArea> ?Im1 .

?Im1 gb4o:memberOf <http://purl.org/linked-data/sdmx/2009/dimension#trefArea> .
?Im1 skos:broader ?plm1.

?plm1 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/world-bank-indicators#fincome> .
}

GROUP BY ?pIm1 ?Im2

ORDER BY ?pIlm1 ?Im2
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Cube Algebra to SPARQL translation

Archivo Editar Ver Historial Marcadores Herramientas Ayuda - o

b
sifapps/qbdolap/getsparglquery @ || Q Buscar ﬁ B 4+ @ e a

j'l! a1 http:/fwww fi.tsparglquery % o+

€ | @ vwwfin g.edu.uy/inco/grupos/

uery resulls s

Instance graph:http://www.fing_edu.uy/inco/cubesfinstances
/migr_asyapp_clean
Number of observations:150946

Nortwind DW example

Schema URI: hitp://dwbook.org/cubes/schemas

i -~
/northwind#Norinwind http-/worldbank 270a info/classification/income-levellIC  hitp:/ireference data gov ukfid/year/ 1988 95877996416
Dataset URI: hl‘[p:ffdwaOK. Orgfc ubesfinstances

0
m
n

Income level year level SUN

/northwind#dataset1 ; : ) ;

http:/iworldbank 270a.info/classification/income-level/LIC http-/ireference.data.gov.uk/id/year/1989 2045000000
Schema graph:http://www.fing.edu_uyfinco/cubes/schemas P P g fy
/northwind : ; ] ’

http:/iworldbank 270a.info/classification/income-level/LIC http-/ireference.data.gov.uk/id/year/1990 3174000000
Instance graph:http//'www.fing.edu.uy/inco/cubes/instances P P g fy
/northwind

NUmber of ohservations:2027 http:/iworldbank 270a.info/classification/income-level/LIC  hitp:/ireference data gov uk/id/year/1991 2112000000

hitp:/iworldbank 270a.info/classification/income-level/LIC  hitpi/freference data.gov.ukid/year/1992 1579000000

© Cube structure http:/fworldbank 270a.info/classification/income-level/LIC  hitp-/ireference.data.gov.uk/id/year/1993 2943000000
hitp:/fworldbank.270a.info/classification/income-level/LIC hitp:/freference_data.gov.uk/id/year/1994 6224000000 4
@ Geographical dimension w
@ Time dimension v Showing 1to 10 of 125 rows | 10 « | records per page « ¢ n 2 3 4 ] ¥ »
Measures

& http://purl org/linked-data/sdmx
/2009/measure#obsvalue v

www.fing.edu.uy/inco/grupos/csifapps/qbdolap/getsparglquery#collapseResults

€ A ¢ 9@
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Cube Algebra to SPARQL translation

Query 4 Total sales amount per customer, year, and product category

SELECT ?Im1 ?plm4 ?pIlm5 (SUM(<http://www.w3.0rg/2001/XMLSchema#decimal>(?m1)) as ?agl)
FROM <http://www.fing.edu.uy/inco/cubes/instances/northwind>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/northwind>

WHERE { ?0 a qb:Observation .

?0 gb:dataSet <http://dwbook.org/cubes/instances/northwind#dataset1> .

?0 <http://dwbook.org/cubes/schemas/northwind#salesAmount> ?m1..

?0 <http://dwbook.org/cubes/schemas/northwind#tcustomer> ?Im1 .
?Im1 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#tcustomer> .

?0 <http://dwbook.org/cubes/schemas/northwind#orderDate> ?Im2 .
?Im2 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#forderDate> .
?Im2 skos:broader ?plm1 . ?plm1 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#month> .

?plm1 skos:broader ?plm2 . ?plm2 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#quarters .

?plm2 skos:broader ?plm3 .
?plm3 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind##fsemester> .
?plm3 skos:broader ?plm4 . ?plm4 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#year> .

\4

?0 <http://dwbook.org/cubes/schemas/northwind#product> ?Im3 .
?Im3 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#product> . ?Im3 skos:broader ?pIm5 .

?plm5 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#category> . }

GROUP BY ?Im1 ?plm4 ?pIm5
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Cube Algebra to SPARQL translation

Archivo Editar Wer Historial Marcadores Herramientas Ayuda =

0
H

Y, -
[*1] Recibidos - avaisman@itba... * | [+] Inbox - alejandro.vaisman... xj ﬂ http:/fwww fi.. tsparglquery  x \_+

B 4+ A 298

€ | @ www.fing.edu.uy/inco/grupos/csi/apps/qbdelap/getsparglquery v @ || Q Buscar

/migr_asyapp#migr_asyappctzmQB40

Dataset URI:hitp://eurostat linked-statistics.org
/data/migr_asyappctzm

Schema graph:http://iwww.fing_edu.uy/inco/cubes/schemas
/migr_asyappctzmQB40

Instance graph:http://iwww.fing.edu.uy/inco/cubes/instances
/migr_asyapp_clean

Number of observations:150946

Nortwind DW example

Schema URI: hitp://dwbook org/cubes/schemas
Imorthwind#Northwind

¢ SPARQL Query results v

Customer Level

Year Level

Search

Category Level

c E

SUM(salesAmount)

. http://dwbook. org/cubes http://dwbook_org/cubes http://dwbook.org/cubes 86.4

Dataset URL:hitp://dwbook org/cubes/instances ) ) ) ) ) )
morthwindédatasett finstances/northwind finstances/northwind finstances/northwind
Schema graph:hitp://www.fing_edu.uy/inco/cubes/schemas iGlstomenisl2 IWEETFARLE iGaleqonil
Inorthwind
Instance graph:http:/iwww fing.edu.uy/inco/cubes/instances hitp://dwbook. org/cubes hitp://dwbook.org/cubes hitp://dwbook.org/cubes 156
morthwind . . finstances/northwind finstances/northwind finstances/northwind
Number of observations:2027 /Customer#312 MYear#1996 /Category#2

http://dwbook. org/cubes http://dwbook_org/cubes http://dwbook.org/cubes 877.4999
& Cube structure finstances/northwind finstances/northwind finstances/northwind

[Customer#312 IYear#1996 ICategory#3

@ Customer Dimension v
@ Due Date Dimension v
@ Employee Dimension v
® Order Date Dimension v
@ Order Dimension v

@ Product Dimension v

7/6/2015

Showing 1 to 10 of 1039 rows
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Cube Algebra to SPARQL translation

* Query 5 Yearly sales amount for each pair of customer country, supplier country

SELECT ?plm4 ?pIm8 ?plm12 (SUM(<http://www.w3.0rg/2001/XMLSchema#decimal>(?m1)) as ?agl)

FROM <http://www.fing.edu.uy/inco/cubes/instances/northwind>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/northwind>

WHERE { ?0 a gb:Observation .

?0 gb:dataSet <http://dwbook.org/cubes/instances/northwind#dataset1> .

?0 <http://dwbook.org/cubes/schemas/northwind#salesAmount> ?m1 .

?0 <http://dwbook.org/cubes/schemas/northwind#customer> ?Im1 .

?Im1 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#customer> .

?Im1 skos:broader ?plm1 . ?plm1 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#city> .
?plm1 skos:broader ?plm2 . ?plm2 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#state> .
?plm2 skos:broader ?plm3 . ?plm3 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#region> .
?plm3 skos:broader ?plm4 .?plm4 qb4o:memberOf <http://dwbook.org/cubes/schemas/northwindttcountry> .
?0 <http://dwbook.org/cubes/schemas/northwindt#torderDate> ?Im2 .

?Im2 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#orderDate> .

?Im2 skos:broader ?pIm5 . ?plm5 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#month> .
?plm5 skos:broader ?plm6 .?pIm6 qb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#tquarter> .
?plm6 skos:broader ?plm7 . ?plm7 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#semester> .
?pIlm7 skos:broader ?pIm8 . ?pIm8 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#year> .
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Cube Algebra to SPARQL translation

* Query 5 Yearly sales amount for each pair of customer country, supplier country

SELECT ?plm4 ?pIm8 ?plm12 (SUM(<http://www.w3.0rg/2001/XMLSchema#decimal>(?m1)) as ?agl)
FROM <http://www.fing.edu.uy/inco/cubes/instances/northwind>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/northwind>

WHERE { ?0 a gb:Observation .

?0 <http://dwbook.org/cubes/schemas/northwind#supplier> ?2Im3 .?Im3 gb4o0:memberOf
<http://dwbook.org/cubes/schemas/northwind#supplier> .

?Im3 skos:broader ?plm9 .

?pIlm9 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#city> .

?pIm9 skos:broader ?plm10 .

?plm10 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#state> .

?plm10 skos:broader ?plm11 .

?plm11 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#region> .
?plm11 skos:broader ?plm12 .

?plm12 gb4o:memberOf <http://dwbook.org/cubes/schemas/northwind#country> . }
GROUP BY ?plm4 ?plm8 ?plm12

ORDER BY ?pIlm4 ?pIlm8 ?plm12
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Cube Algebra to SPARQL translation

Archivo Editar Ver Historial Marcadores Herramientas Ayuda =

o
E

Y. N
j =3 http//www fi.rsparglquery % '\_+

¢ | | Q Buscar

wae ¥ A 98

€ | @ www.fing.edu.uy/inco/grupos/csi/apps/gb4olap/getbettersparglquery

applicants to European countries
by citizenship, age and sex Monthly
data

Schema URLI: hitp:/www.fing.edu.uy/inco/cubes/schemas
/migr_asyapp#migr_asyappctzmQB40

Dataset URI:http://eurostat. linked-statistics.org
/data/migr_asyappctzm

Schema graph:http:/fwww fing_edu_uy/inco/cubes/schemas
/migr_asyappctzmQB40

Instance graph:http:/iwww.fing.edu.uyfinco/cubes/instances
/migr_asyapp_clean

Number of observations: 150946

Nortwind DW example

20 <http://dwbook org/cubes/schemas/northwind#supplier= 2im3 .

1 {?pim4 gbdo:memberOf <hitp.//dwbook.org/cubes/schemas/northwind#country= .

?plm3 skos broader ?plm4 .

?pim3 gb4o:memberOf <http-//dwbook org/cubes/schemas/northwind#regions

?plm2 skos:broader ?pim3

«¢ SPARQL Query results v

Search

(s
- B m.

Schema URI: htip://dwbook org/cubes/schema Country Level Year Level Country Level SUM(salesAmount)
: ¥ K_org/cubes/schemas
. . - ~
Inorthwind#N Onh‘ﬂl;nd . http:/idwbook.org/cubes http://dwbook.org/cubes hitp://dwbook.org/cubes 16095.5
?:::; :‘n :j.l:dl a':gseud T ST finstances/northwind finstances/northwind finstances/northwind
Schema graph:http://www fing_edu._uy/inco/cubes/schemas oo IR BETIIIIRTE
fnorthwind
Instance graph:http://www.fing.edu.uy/inco/cubes/instances http://dwbook.org/cubes http://dwbook. org/cubes http://dwbook.org/cubes 10540
Inorthwind ' . finstances/northwind finstances/northwind /instances/northwind
Number of observations:2027 [Country#3 Year#1997 Country#5
http-//dwbook_org/cubes http://dwbook org/cubes http-//dwbook_org/cubes 5531
& Cube structure finstances/northwind finstances/northwind finstances/northwind
ICountry#8 IYear#1997 ICountry#5

@ Customer Dimension w

10:39 p.m.

= HH [ e (o)

7/6/2015
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Cube Algebra to SPARQL translation

Query 6 Total sales amount, and sum of the quantities sold for each order

PREFIX gb: <http://purl.org/linked-data/cube#>

PREFIX gb4o: <http://purl.org/qb4olap/cubest>

PREFIX skos: <http://www.w3.0rg/2004/02/skos/coret>

SELECT ?Im1 (SUM(<http://www.w3.0rg/2001/XMLSchematinteger>(?m1)) as ?agl)
(SUM(<http://www.w3.0rg/2001/XMLSchemattdecimal>(?m2)) as ?ag2)
FROM <http://www.fing.edu.uy/inco/cubes/instances/northwind>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/northwind>

WHERE { ?0 a gb:Observation .

?0 gb:dataSet <http://dwbook.org/cubes/instances/northwind#tdataset1> .
?0 <http://dwbook.org/cubes/schemas/northwind#quantity> ?m1..

?0 <http://dwbook.org/cubes/schemas/northwind#tsalesAmount> ?m2 .
?0 <http://dwbook.org/cubes/schemas/northwind#torder> ?Im1 .

}

GROUP BY ?Im1

ORDER BY ?Im1
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Cube Algebra to SPARQL translation

Archivo Editar Ver Historial Marcadores Herramientas Ayuda - O

# o -\
[] Re: encontré otro detallee.. * = [V] Inbox - alejandro.vaisman... ﬂ),-(“ http:/fwww fi. tsparglquery  * 'l\_+

€ | @ www fing.edu.uy/inco/grupos/csi/apps/qbdolap/getsparglquery v

Dataset URI:http://dwbook org/cubes/finstances
morthwind#dataset1 5 SPARQL Query results

Schema graph:http:/fwww fing edu uy/incofcubes/schemas
/northwind
Instan;e graph:http:/iwww.fing.edu.uy/inco/cubes/instances search ~ g m.,
/northwind
Number of observations:2027
Order Level SUM(quantity) SUM(salesAmount)
N
© Cube structure http://dwbook org/cubes/instances/northwind/Order#10248:1 12 168
hitp://dwbook org/cubes/instances/northwind/Order#10248:2 10 ag
@ Customer Dimension v ) ) ) )
@ Due Date Dimension v hitp://dwbook org/cubes/instances/northwind/Order#10248:3 5 174
Employee Dimension v

@ Employ ) ) hitp://dwbook.org/cubes/instances/northwind/Order#10249:1 9 167.4

@ Order Date Dimension v

® Order Dimension v http://dwbook.org/cubes/instances/northwind/Order#1 0249:2 40 1696

@ Product Dimension v

@ shipped Date Dimension v http://dwbook org/cubes/instances/northwind/Order#10250:1 10 77

@ Shipper Dimension v

@ Supplier Dimension w hitp://dwbook org/cubes/instances/northwind/Order#10250:2 35 1261.4 v

Showing 1 to 10 of 2027 rows = 10 -  records per page @« | < n 2 3 4,5 +» =»

Measures

& hitp//dwbook org/cubes/schemas

/northwind#quantity s

@ hitp://dwbook_org/cubes/schemas

/northwind#unitPrice w

& hitp://dwbook_org/cubes/schemas
Inorthwind#discount s

MDD

29/06/2015
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Cube Algebra to SPARQL translation

Query 7 Applications submitted by African citizens, with destination France

SELECT ?agl ?Im1 ?plm1 ?Im3 ?Im4 ?plm?2

WHERE {{ ?pIm2 <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#continentName> ?plm21 .

?Im4 <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#countryName> ?Im41 .}.

{SELECT ?Im1 ?pIm1 ?Im3 ?Im4 ?plm2 (SUM(<http://www.w3.0rg/2001/XMLSchemattinteger>(?m1)) as ?agl)
FROM <http://www.fing.edu.uy/inco/cubes/instances/migr_asyapp_clean>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyappctzmQB40>

WHERE { ?0 a gb:Observation . ?0 gb:dataSet <http://eurostat.linked-statistics.org/data/migr_asyappctzm> .

?0 <http://purl.org/linked-data/sdmx/2009/measuref#fobsValue> ?m1 .

?0 <http://eurostat.linked-statistics.org/property#age> ?Im1 .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> ?Im2 .

?Im2 gb4o:memberOf <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> . ?Im2 skos:broader ?pim1.
?pIlm1 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#tyear> .

?0 <http://eurostat.linked-statistics.org/property#sex> ?Im3 . ?0 <http://eurostat.linked-statistics.org/property#geo> ?Im4 .
?0 <http://eurostat.linked-statistics.org/property#citizen> ?Im5 .

?Im5 gb4o:memberOf <http://eurostat.linked-statistics.org/property#citizen> . ?Im5 skos:broader ?plm2 .
?plm2 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#tcontinent> .

?0 <http://eurostat.linked-statistics.org/propertyttasyl_app> ?Im6 .}

GROUP BY ?Im1 ?plm1 ?Im3 ?Im4 ?plm2 }

FILTER ((REGEX (?plm21,"Africa", "i")) && (REGEX (?Im41,"France", "i"))) }
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Cube Algebra to SPARQL translation

B - cEN

Ja': =q QB4OLAP explorer *® \ )

. . . ) Y i R
€« C A [ wwwfing.eduuy/inco/grupos/csi/apps/qb4olap/getsparglquery?
51 Aplicaciones H Monetdb Intro PPT LinkedIn: Informatic... [ STIB-MIVB: Infodyn [% Matias Minervini ([ ... :: Virtuoso SPARQL Q...

_

Dataset
URI:http://dwbook_org/cubes/instances/northwind#dataset1
Schema
graph:httpJ/fwww.fing.edu.uy/inco/cubes/schemas/northwind
Instance

graph:http//www fing.edu.uy/inco/cubes/instances/northwind
Number of observations:2027

& Cube structure

@ Age class dimension w

@ Time dimension v

®Sexwv

@ Asylum geographical destination dimension v
@ Applicant citizenship dimension w

@ Type of applicant dimension »

Measures
@ hitp://purl.org/linked-
data/sdmx/2009/measuref#obsValue w

7/6/2015

« SPARQL Query results

Country of asylum application

me#2013  hitp:/eurostat.linked-
statistics.org/dic/gec#FR

me#2014  http:/feurostat. linked-
statistics.org/dic/gec#FR

* Bookmark Manager -:- Tuneln: Listen to On... [ MDX Language Refe...

/migr_asyapp#year>

Q

Search

Continent

http:/fwww fing_edu_uy/inco/cubes/dims/migr_asyapp/citizen#AF

httpz/iwww fing.edu.uy/inco/cubes/dims/migr_asyapp/citizen#AF

DW & OLAP on the Semantic Web

m
m-

SUM(obsVa

42595

33315

w

»
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Cube Algebra to SPARQL translation

Query 8 Asylum applications by year submitted by Asian citizens, where applications
count > 5000, and destination France or Germany

PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
PREFIX data: <http://eurostat.linked-statistics.org/data/>;

PREFIX property: <http://eurostat.linked-statistics.org/property#>;

PREFIX sdmx-measure:<http://purl.org/linked-data/sdmx/2009/measure#> ;
QUERY

SC1 := ROLLUP (data:migr_asyappctzm, schema:citizenshipDim,schema:citAll);
SC2 := ROLLUP (5C1, schema:timeDim, schema:year);

SC3 := DRILLDOWN (5C2, schema:citizenshipDim,schema:continent);

SC4 := SLICE (SC3, schema:asylappDim);

SC5 := SLICE (SC4, schema:ageDim);

SC6 := SLICE (SC5, schema:sex);

SC7 := DICE (SC6, (schema:citizenshipDim|schema:continent|schema:continentName = "Asia"));
SC8 := DICE (SC7, ( sdmx-measure:obsValue > 5000 AND
(schema:destinationDim | property:geo |schema:countryName = "France") OR
(schema:destinationDim | property:geo|schema:countryName = "Germany")));
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Cube Algebra to SPARQL translation

Query 8 Asylum applications by year submitted by Asian citizens, where applications count > 5000 with destination
France or Germany

SELECT ?agl ?plm1 ?Im4 ?plm2

WHERE {{ ?pIm2 <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#continentName> ?plm21 .
?Im4 <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#ticountryName> ?Im41 .}.

{ SELECT ?pIm1 ?Im4 ?pIm2 (SUM(<http://www.w3.0rg/2001/XMLSchemattinteger>(?m1)) as ?agl)

FROM <http://www.fing.edu.uy/inco/cubes/instances/migr_asyapp_clean>

FROM <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyappctzmQB40>

WHERE { ?0 a gb:Observation . ?0 gb:dataSet <http://eurostat.linked-statistics.org/data/migr_asyappctzm> .
?0 <http://purl.org/linked-data/sdmx/2009/measuref#fobsValue> ?m1 .

?0 <http://eurostat.linked-statistics.org/property#age> ?Im1 .

?0 <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> ?Im2 .

?Im2 gb4o:memberOf <http://purl.org/linked-data/sdmx/2009/dimension#refPeriod> . ?Im2 skos:broader ?plm1 .

?plm1 gb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#year> .

?0 <http://eurostat.linked-statistics.org/property#sex> ?Im3 . ?0 <http://eurostat.linked-statistics.org/property#geo> ?Im4 .

?0 <http://eurostat.linked-statistics.org/property#citizen> ?Im5 .
?Im5 gb4o:memberOf <http://eurostat.linked-statistics.org/property#citizen> .
?Im5 skos:broader ?pIlm2 .?pIm2 qb4o:memberOf <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#continent> .

?0 <http://eurostat.linked-statistics.org/property#tasyl_app> ?Im6 .}
GROUP BY ?plm1 ?Im4 ?plm?2
} FILTER (((REGEX (?plm21,"Asia", "i")))&&(((?agl > 5000) && ((REGEX (?Im41,"France", "i")) | | (REGEX (?Im41,"Germany",

")) }
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Cube Algebra to SPARQL translation

J,’f: :: QB40LAP explorer *® \ Y B - 0

<« C' M  [) www.fing.edu.uy/inco/grupos/csi/apps/qb4olap/getsparglquery? w =
=5 Aplicaciones .:1 Maonetdb Intro PPT LinkedIn: Informatic...  [] STIB-MIVB: Infodyn [ Matias Minervini (({.. =g Virtuoso SPARQLQ.. ¥ Bookmark Manager -:- Tuneln: Listen to On... [ MDX Language Refe... »

Asylum and first time asylum !
applicants to European countries

by citizenship, age and sex Monthly
data = iR

Schema URI:

hitp:/fwww fing_edu_uy/inco/cubes/schemas/migr_asyapp#migr

Dataset URI:http://eurostat.linked-

statistics. org/data/migr_asyappctzm

— «5 SPARQL Query results
graph:hitp://www.fing edu_uy/inco/cubes/schemas/migr_asyap)|
Instance

graph:http:/iwww fing.edu_uy/inco/cubes/instances/migr_asyag Search o LIRS
Number of observations:78594

. Country of asylum application Continent SUM(obsValu
Nortwind DW example
Schema URI: 1e#2013  http://eurostat. linked- http:/fwww.fing.edu.uy/inco/cubes/dims/migr_asyapp/citizen#AS = 34100
hitp://dwbook.org/cubes/schemas/northwind#Northwind statistics.org/dic/gec#FR
Dataset
URI:http://dwbook.org/cubes/instances/northwind#dataset1 1e#2013  http://eurostat. linked- http:/fwww.fing.edu.uy/inco/cubes/dims/migr_asyapp/citizen#AS = 81985
Schema statistics.org/dic/geo#DE
graph:http://www.fing.edu.uy/inco/cubes/schemas/northwind
Instance 1e#2014  http://eurostat. linked- hitp:/fwww.fing.edu.uy/inco/cubes/dims/migr_asyapp/citizen#AS 26295
graph:http//www fing.edu.uy/inco/cubes/instances/northwind statistics_org/dic/gec#FR
Number of observations:2027

1e#2014  http://eurostat linked- http:/fwww.fing.edu.uy/inco/cubes/dims/migr_asyapp/citizen#AS = 109290

statistics.org/dic/geo#DE
&7 Cube structure

4 3
www.fing.edu.uy/inco/grupos/csi/apps/qbdolap/getsparglquery?#collapseResults Showing 1 to 4 of 4 rows -
=) ol Al g g @ ‘ 7132015 DW & OLAP on the Semantic Web 218 &[5 i ol L S
= b 5
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Exploring the cube dimensions

Implementation: Allows describing and querying QB4OLAP cubes

The cube explorer can be accessed at:
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http://www.fing.edu.uy/inco/grupos/csi/apps/qb4olap/explorer

Exploring the cube dimensions

:: QB40OLAP explorer -+

= | & www.fing.edu.uy/inco/grupos/csi/apps/qb4olap/getcompletecube?cubeselect=http%3A%2F%2Fwww.fing.edu.uy%2Finc e | (Q Buscar w | E

& Pigina principal ... Mds visitados = [} LinkedIn: Informa... =y Virtuoso SPARQL... =i« Tuneln: Listen to ... MDX Language R... [f§ Saint Patrick Coll...

sta Cube Explorer

SMactOFPIIR Mot £ Dimension Instances

http://www.fing.edu.uy/inco/grupos/csi/sparq| j
Default el s EIS  Group Hierarchies

< Available cubes

http://eurostat.linked-statistics.org/data/migr_asyappctzm

& Cube structure

@ Age class dimension ~
& Age Hierarchy ~
@ @ Al ages
@ Ageclass
@ Type of applicant dimension ~
% Type of applicant hierarchy ~ 8o o
@ Applicant citizenship dimension ~ '2;0
% Applicant citizenship Geo Hierarchy

% Applicant citizenship Government VoipConnect

716/2015 DW & OLAP on the Semantic Web
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Querying QB40OLAP data cubes with Cube
Algebra

The query tool can be accessed at:

716/2015 DW & OLAP on the Semantic Web 209


http://www.fing.edu.uy/inco/grupos/csi/apps/qb4olap/queries

Querying QB40OLAP data cubes with Cube

| x5 QB4OLAP explorer x

Algebra

& @ www.fing.edu.uy/inco/grupos/csi/apps/qb4olap/simplifyquery?querypanel=PREFIX+schema%3A+ <http%3 A%2F%2 Fwww [ G

@3 Pigina principal ... [i] Mds visitados = [} LinkedIn: Informa...

& Cube structure

@ Age class dimension v
@ Type of applicant dimension ~

@ Applicant citizenship dimension ~
@ Asylum geographical destination dimension ~

® Sex ~
@ Time dimension ~

Measures

@ http://purl.org/linked-data/sdmx
/2009/measure#obsValue

7/6/2015

=3 Virtuoso SPARQL ... =i+ Tuneln: Listen to ... MDX Language R...

destination, application type)

7 Asylum applications submitted in 2008 by African citizens, where destination is France (sex, time, age, citizenship,

Q Buscar e gll:= I S S - N

K7 saint Patrick Coll...

7 Asylum applications by year submitted by African citizens, where applications count > 5000 and destination is
France or Belgium (sex, time, age, citizenship, destination, application type)

QL query editor

FHREFIA Scnema:
<http://www.fing.edu.uy/inco/cubes/schemas
/migr_asyapp#>;

PREFIX sdmx-measure: <http://purl.org/linked-
data/sdmx/2009/measure#>,

PREFIX sdmx-dimension: <http://purl.org/linked-
data/sdmx/2009/dimension#>;

PREFIX property: <http://eurostat.linked-statistics.org
/property#>;

PREFIX geo: <http://eurostat.linked-statistics.org
/dic/geo#>,;

PREFIX citizen: <http://eurostat.linked-statistics.org

T B SR,

Enter your QL query or select a sample query.

DW & OLAP on the Semantic Web

Simplified QL query

QUERY
$C1=ROLLUP(http://eurostat.linked-statistics.org
/data/migr_asyappctzm,http://www.fing.edu.uy
/inco/cubes/schemas
/migr_asyapp#citizenshipDim,http://www.fing.edu.uy
/inco/cubes/schemas/migr_asyapp#continent);
$C2=ROLLUP($C1,http://www.fing.edu.uy/inco/cubes
/schemas/migr_asyapp#timeDim,http:
//www.fing.edu.uy/inco/cubes/schemas
/migr_asyappf#tyear);

$C3= DICE($C2,=);
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Outline

* The Semantic Web

 RDF and SPARQL Basics

* Vocabularies for OLAP on the SW: QB and QB40OLAP

* Modeling Data Cubes on the Semantic Web using QB40OLAP
* Querying Data Cubes on the Semantic Web

* Summary
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Summary

e Publishing MD on the SW: Allows sharing data cubes (DC),
combine then with traditional DCs, build cubes on-the-fly over
web data, etc.

QB not enough for OLAP analysis, QB4OLAP proposed

— Check http://ec.europa.eu/eurostat and compare
asylum application data

* QB4OLAP compatible with QB, no need to copy observations

* Cube Algebra (CA) allows writing OLAP queries without
knowledge of RDF/SPARQL

* Simplification of queries in CA

* Translation of CA into SPARQL, and SPARQL “optimization” (in
progress)
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A generic MD view of data

Traditionally: Warehouse + OLAP cubes

Currently: New kinds of data

* Web logs
Cupwer * Spatial
] roF Semantic web (RDF)
* etc...
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A generic MD view of data

Manipulation of different kinds of data
Several query languages

Ad-hoc information integration
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A generic MD view of data

We just want to manipulate OLAP cubes
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A generic MD view of data

% "’ Semantlc

OLAP Cubes

Linked data, open data

%28 3 S

LR BRa8a =
0E0oeo
ECO000a

Jun, 2012 <

Social networks
Feb, 2010
Jan, 2010 <

Spatiotemporal Spatial discrete
continuous
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7/6/2015

A generic MD view of data

Dec, 2013
Nov, 2013 <
Oct, 2013 -

Sep, 2013 « -

Jun, 2012 <

Feb, 2010 -

\\\ == -‘71 == TV‘ ‘ —

Jan, 2010

Spatiotemporal
continuous

OLAP Cubes

Spatial discrete

DW & OLAP on the Semantic Web

Linked data, open data

Social networks

235



7/6/2015

A generic MD view of data

Dec, 2013
Nov, 2013 <
Oct, 2013 -

Sep, 2013

Jun, 2012 <

Feb, 2010 <
Jan, 2010 =

Spatiotemporal
continuous

OLAP Cubes

Spatial discrete

DW & OLAP on the Semantic Web

Linked data, open data

Social networks

236



A generic MD view of data

b
OLAP Cubes 4

’ Linked data, open data

Social networks

Spatiotemporal

continuous
Spatial discrete
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A generic MD view of data

OLAP Cubes

Slice
Rollup

Linked data, open data
Spatial continuous

Social networks

Spatiotemporal

continuous
Spatial discrete
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A generic MD view of data

OLAP Cubes

Slice
Rollup

Linked data, open data
Spatial continuous

Social networks

Spatiotemporal

continuous
Spatial discrete
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* Represent, in QB40OLAP, the DW representing housing situation

Exercises

across time in Uruguay.

7/6/2015

-
Home 2
HomelD g City
o e P
o CitylD -
& < CityName
Month \_/;
TimelD
MonthNumber N State
MonthName StatelD
Tme Homes StateName
#people
#homes Region
RegionlD
Quarter —tRegionName
/
Comfort Neighborhood
Year [ComfortiD NeighborhoodID
Year IComfortDescr — NeighborhoodName
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Exercises

* (GO0 to http://ec.europa.eu/eurostat/data/database , look in “tables by
themes” -> “population and social conditions” -> Asylum and
managed migration”.

* Go to the “table” interface, e.g.,

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=migr_asyappctzm&
lang=en

* Write, in Cube Algebra, the queries that produce the information
in the Eurostat tables, compare the results.
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Exercises

 Example: monthly asylum applications by country
PREFIX schema: <http://www.fing.edu.uy/inco/cubes/schemas/migr_asyapp#>;
PREFIX sdmx: <http://purl.org/linked-data/sdmx/2009/dimension#>;
QUERY

SC1 := SLICE (<http://eurostat.linked-statistics.org/data/migr_asyappctzm>,
schema:citizenshipDim);

SC2 :=SLICE(SC1, schema:ageDim);

SC3 := SLICE(SC2, schema:sex);

SC4 := SLICE(SC3, schema:asylappDim);

SC5 := ROLLUP (SC4, schema:timeDim, sdmx:refPeriod);

SC6 := ROLLUP(SC5, schema:destinationDim,
<http://eurostat.linked-statistics.org/propertyttgeo>);

7/6/2015 DW & OLAP on the Semantic Web
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Exercises

Archivo Editar Ver Historial Marcadores Herramientas Ayuda - 0

) £] Database - Eurostat m,_.-" =7 http/fwww fii.tsparglquery % \".\+

€ | & www fing.edu.uy/inco/grupos/csi/apps/qbdolap/getsparglquery @ || Q Buscar wBe ¥ & a =
Ll
- : : 1
Type of | t dimens
S v
[ ppiear e Gmens e ORDER BY 2Im2 2im1
@ Asylum geographical destination dimension v
@ Sexwv rre——
@ Time dimension v -
Measures «5 SPARQL Query results w
@ http://purl.org/linked-data/sdmx
/2009/measure#obsValue
009/measure#obsValue w s m.
Country of asylum application Month level SUM(obsValue)
Ll
hitp:/feurostat linked-statistics.org/dic/geo#BG hitp:/fpurl.org/gb4olap/dimensions/time#201408 2150
hitp:/feurostat linked-statistics.org/dic/geo#CH hitp:/fpurl.org/gb4olap/dimensions/ime#201408 4605
hitp:/feurostat linked-statistics.org/dic/geo#CY hitp:/fpurl.org/gb4olap/dimensions/time#201408 190
hitp:/feurostat linked-statistics.org/dic/geo#CZ hitp:/fpurl.org/gb4olap/dimensions/ime#201408 135
hitp:/feurostat linked-statistics.org/dic/geo#DE hitp:/fpurl.org/gb4olap/dimensions/time#201408 32515
hitp:/feurostat. linked-statistics.org/dic/geo#DK hitp:/fpurl.org/gb4olap/dimensions/time#201408 4365
httn-/ienrnsiat linked-siatistics orn/dic/nengFF hitofinurl ora/obdolanidimensions/fimeg201408 10 e
Showing 541 to 550 of 609 rows = 10 « | records per page & [ 53 54 EEGMM 56 | 57 » | o»
v

= @ ol 13 —
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Exercises

- a X
/ﬂ Eurostat - Tables, Graphs a... x\+ -

_\e ] (%] ec.europa.eu/eurostat/tgm/refreshTableAction.do?tab=tableplugin=1&pcode=tps0018%&language=en @ || Q Buscar ﬁ E + @ e | =

eurostat

.Tahlev.

Asylum and new asylum applicants - monthly data Code: tps00189

Persons

Asylum applicant means a persen having submited an application for international ... more

time | 2014008 w [JFiags  'codes () Labels ® Codes & Labels (123456 () 123456 ® 123456
asyl_app \ geo BG:Bulgaria CZ:Czech Republ DK:Denmark DE:Germany EE:Estonia [E:Ireland EL:Greece ES:Spain FR:France HR:Croatia T:ttahy CY:Cy
ASY_APP:Asylum applicant 1,105 100 2,300 18715 20 125 510 450 4280 45 5110 13
NASY_APP:First time applicant 1,080 85 2,285 16,025 20 125 380 435 3,500 35 5,065 12

Iable d=definition differs (see metadats)

10:52 a.m.
02/07/2015
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Thanks!

Contact: avaisman@itba.edu.ar
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