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Today, the SIRIS team QRIE | wenvenmic

international and
interdisciplinary, with seven
different nationalities and
PhDs in different fields, from
archeology to astrophysics,
philosophy and computer
science.
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We combine domain expertise,
data analytics and co-design
thinking.

We stimulate collective
intelligence for exploring
scenarios, designing solutions and
launching transformations.
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Goals, Strategies, Instruments

Regional Governments

“I want to understand how
the regional S3-related
initiatives fit within the
general R&l panorama and
other funded projects. |
want to analyse the
collaboration networks
which exist already within a
given thematic area, and
understand which kinds of
actors are mostly involved.”

HE&R Institutions

“I’m interested in enhancing
the attractiveness of my
higher education
organisation and | want to
get a better understanding
of the student mobility
patterns and their evolution
over time. Is there anyone
else similar to us on this
respect?”

R&I Funding Bodies

\/

““Research and innovation
ecosystems are fast
changing and fast growing. |
need to define our research
and innovation priorities,
but also inform the shaping
our future investments and
then monitor and learn to
eventually reshape our
existing policies.”



Strategic and analytical reports to inform decisions
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Goals, Strategies, Instruments... Data!

Regional Governments

“I want to understand how
the regional S3-related
initiatives fit within the
general R&l panorama and
other funded projects. |
want to analyse the
collaboration networks
which exist already within a
given thematic area, and
understand which kinds of
actors are mostly involved.”

HE&R Institutions

“I’m interested in enhancing
the attractiveness of my
higher education
organisation and | want to
get a better understanding
of the student mobility
patterns and their evolution
over time. Is there anyone
else similar to us on this
respect?”

R&I Funding Bodies

\/

‘““Research and innovation
ecosystems are fast
changing and fast growing. |
need to define our research
and innovation priorities,
but also inform the shaping
our future investments and
then monitor and learn (via
specific indicators) to
eventually reshape our
existing policies.”



Our technological requirements QRIS | weavemic

Our solutions provide end-users with:

e arunning technology for integrating and accessing
datain a way that is conceptually sound with the ®
experts domain knowledge iorch &

e asemantically-transparent platform, ready to
acquire and be complemented with new data from
different sources

e atheoretically grounded mechanism to homogenise
information originally stored in different formats
and according to different conceptualisations ‘ .



Data access bottleneck :
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How is this problem usually addressed?
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information need specialised

)
query \

<

G disparate sources
L 4 . .
¢ Application -l '

Scholar

answers

unibz



Issue: the “Semantic Gap” SIRIS || xenossse

. Data sources
Information need

- ) I > .l '
e

Large semantic gap

unibz



Ontology-based Data Access (OBDA) S

Inform. SPARQL Natlve Data sources
SEE™! Mediator 1 b '
need query query -

(SQL)

unibz



The Ontology-based Data Access (OBDA) architecture SRSk

Exploits the domain knowledge to support f - O
the high-level translation of the information .ﬁ /‘/‘//MN O

needs, and to enrich the extracted answers. Query

| Visu;Iizat};)ns ; Answering
Accepts as input intuitive queries posed by

the users on the basis of domain-centred
vocabulary.

Ontology
Combines and filters the extracted data to
provide to the users the answers to their
requests.

Deals with the variety and complexity of the
data sources, extracting from them the

Data
necessary data. Source
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An OBDA cycle - |

Ontological Query ¢

' Rewriting

Ontological Answer
Rewritten Query

Data
Sources

Relational Answer ! — . SQL

unibz



An OBDA cycle - 11 SIRI2 | seavemc

Visual Query System query transformation disparate sources Gas Turbines
—~ e
D—D—I:g | (GBs/day)
End user — J
—_—
User Explore Petroleum Exploration
Construct
(GBs/day)
System| | Expressivity
Usability I IT expert
Database Ontology Mappings
‘ > Wellbore < \ DevWellbore(name) > SELECT name FROM wlb_dev
ExpWellbore(name) = SELECT name FROM wlb_exp
wlb_dev(name,...) DevWellbore ExpWellbore
wlb_exp(name, purpose, . . .) )
? Wildcat(name) = SELECT name FROM wlb_exp
WHERE purpose = 'WILDCAT'
Wildcat
Q Q Q' Q"
original user query rewrite w.r.t. ontology rewrite to SQL optimise
SELECT name FROM wlb_dev
Wellbore(x) U UNION SELECT name FROM wib_dev
Wellbore(x) — > DevWellbore(x) U — > fJENLIEOCrI name FROM wlb_exp — 3 UNION
ExpWellbore(x) U SELECT name FROM wlb_exp
Wildcat(x) SELECT name FROM wlb_exp '
WHERE purpose ='WILDCAT'




Ontology

A conceptual model of (some aspect of) the world

Introduces vocabulary
relevant to domain

Specifies meaning (semantics)
of terms

Oil pipeline is a pipeline from a facility
that is an oil facility
Formalised using suitable logic

QilPipeline C Pipeline M
dfromFacility.OilFacility

Spare Pipe

Derrick

Blowout
Preventer

Turntable
Engines
turn tumtable

O

Casing

Drill String

Drill Collar

Electric Mud and Casings

Generator

Bit



Ontology
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supBy
v

*

AcadStaff X
name: String l..
ssn: Integer
worksFor <h
v
1.7
Professor Project

pName: String

{disjoint} T

AssocProf

FullProf

1.*

respFor —
A

1.*

Professor

AssocProf
FullProf
AssocProf

AcadStaff
dssn
dssn™

JworksFor

JworksFor™
AcadStaff
Project

respFor

IFT AICTIET e iy AT e i e

AcadStaff
Professor
Professor

= FullProf

dssn
AcadStaff

Integer

AcadStaff

Project
JworksFor
JworksFor™

worksFor



The OWL 2 QL profile QRIS | weavemc

OWL 2 QL is one of the three standard profiles of OWL 2.

Derived from the DL-Liter Description Logic of the DL-Lite-family:
e Groups the domain into classes of objects with common properties.
e Binary relations between objects (object properties).
e Binary relations from objects to values (data properties).

Is considered a lightweight ontology language:
e controlled expressive power
o efficient inference

Optimised for accessing large amounts of data (i.e., for data complexity):
e First-order rewritability of query answering: queries over the ontology can be
rewritten into SQL queries over the underlying relational database.

e Consistency checking is also first-order rewritable. 0
unibz



Mappings

In an OBDA instance O = ({7, M, &), D), the mapping M encodes how the
data 7 in the source(s) & should be used to populate the elements of 7.

Virtual data layer

The data 7 and the mapping M define a
virtual data layer ¥V = M(D)
@ Queries are answered w.r.t. 7 and V.
@ We do not really materialize the data
of V' (it is virtual!).

@ |Instead, the intensional information in
T and M is used to translate queries
over 7 into queries formulated over &.

v

v,

Al
ResuItT 1Query

Virtual Data Layer

)

S [ata
N Sources
~

unibz
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Mapping assertions — RDB-RDF

Class instance (:Student)

F — = e e e e e e e e e e e e e e e E— — —

— = — — .
¢ — _ _ _|_ 4(s) & unil-student(s,f,0) _ _ _ _ _ _ _ !
Source
SELECT s_id
FROM unil.student
— - - - - - - - - - - - - - - - - —-——-——-————-
¢ _ _|_Student(URL(s))
Target
ex:unil/student/{s_id} a :Student

Data property (foaf:firstName)
Source | SELECT s_id, firstlName, lastlame
(SQL) FROM unil.student
ex:unil/student/{s_id}
foaf:firstName "{firstNamel}" “xsd:string
foaf:lastName "{lastName}" “xsd:string

Target
(RDF)

Object property (:teaches)
SELECT =
FROM "unil"."teaching"

TErget ex:unil/academic/{a_id} :teaches
(RDF) ex:unil/course/{c_id}

Source

Magic number

SELECT * FROM "unil"."academic'

WHERE "position" = 1

Target -

ex:unil/academic/{a_id} a :FullProf . unibz

(RDF) oz

Source




Mapping assertions — RDB-RDF
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Employee

empCode: Integer
salary: Integer

1.*
worksFor
v

1 *

Project

projectName: String

mai:

ma:

PrName

ptigue

Di:[ SSN |

SELECT SSN, PrName

FROM D;

SELECT SSN, Salary
FROM Dy, Ds
WHERE Dy.Code = Ds.Code

SSN

) 2
/
1

Do: [ Code | Salary | Ds:| Code |

~> Employee(pers(SSN)),
Project(proj(PrName)),
projectName(proj( PrName), PrName),
worksFor(pers(SSN), proj( PriName))

Employee(pers(SSN)),
salary(pers(SSN), Salary)
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Resource Description Framework (RDF), data

Class membership:

Fact Prof(uni2/person/1)

RDF triple || <uni2/person/1> a :Prof

Note: This is an abbreviation for
RDF triple ” <uni2/person/1> rdf:type :Prof ]

Attribute of an individual:
Fact lastName(uni2/person/3, ‘Mendez')

RDF triple || <uni2/person/3> foaf:lastName "Mendez"

Property of an individual:

Fact givesLab(uni2/person/3, uni2/course/1)

RDF triple || <uni2/person/3> :givesLab <uni2/course/1>

:lastName

"Mendez"

"Lane" "Céline"

"KR" "Databases"




OBDA system QRIS | servemic

FaYaidalal

State-of-the-art OBDA system
Compliant with the RDFS, OWL 2 QL, R2RML, and SPARQL standards

Supports all major relational DBs (and...)

Open-source and released under Apache 2 license

e Development of Ontop:
e development started 6 years ago already well established:
® +200 members in the mailing list +7000 downloads in last 18 months
e main development carried out in the context of the EU project Optiq



OBDA system QRIS | servemic

Ontop website: http://ontop.inf.unibz.it/

Github: http://github.com/ontop/ontop/

Facebook: https://www.facebook.com/obdaontop/
Twitter: @ontop4obda

A O O hospital (http://example.crg/hospital) : [/Users/benjamin/ bz /code/ontop-examples/swj-2015/PatientOnto.owl] ® O O hospital (http://example.org/hospital) : [/Users/benjamin/bz/code/ontop-examples/swj-2015/PatientOnto.owl]
@ untitled-ontology-3 ¢ Search... -« @ hospital 3 (Q & & | © hospital 3] (Q
Active Omtology = Ertities = | Individuals by class = (L Cuery = | SPARCL Query = Dats Properties x Annotation Propertes * | Individuals by class x ontop SPARGL X | 0ntop Mapoings x Data Properties. x Annotation Properties * Indviduals by class X | ontop SPARGL x| ontop Mappings L
[Cntcloy he 4Py e e Active Ontology x_ Entities x| Clmses x| Object Properties X Active Ontology * | Entries *_Classes * _ Ooject Properties x
onto [ " “TT] Datasource manager  Mspoing manager | Madping Assistant - BETA ontop guery editor
omology Vil 'mu! Name Currantversio ) — =
Chamge Tracker -
N FLK: A Java-based OWL FL reasoner v N Thing slasm Datasource selection BBl xample Query: PREFIX : <h] PREFIX : <http://example.org/hospital#>
H - Neoy .
FacT+ BenignNeoplasm Select datasource: | PatientDB : SELECT ?name WHERE {
v © MalignantNeoplasm 7p rdf:type -Patient
Mapping manager s
v ®Cancer PPing 9 ?p thasName ?name
OWL D#ference 6.0.2 ¥ ® LungCancer o Create | == Remove Copy o) Select o Select none 7p ‘hasNeoplasm ?umor .
Peliet Reasoner Phag-in 220 NSCLC . Ttumor “hasStage :stage-lila .}
scLe Patient
v ®Person 1 b
Author: KRDE Research Centre for Knowledge and Data, Free University of Bozen-Bolzana Patient ﬁﬂ,;{f ‘;‘.‘,",‘,’ﬂ,;‘d FROM "tbl_patient”
Oniology T8 L icense: http:/ /www.apache.org/licenses/LICENSE-2 0.txt
hasName Execution ti..Show: (M Al () Short IRI ] Attach refixes P Execute | [ Save Changes
{ Ontop Annotation property hierarchy db1 /{patientid} -hasName {name) . .v
Duta property hierarchy Select patientid,name FROM “tbl patient® ’L::;'
¥
ject property hierarctry
Object property Neop
COCSEIESTAICTSIRLLE) | db1/{patientid} hasNeoplasm :db1/neoplasm/{patientid} .
. e X SELECT patientid FROM "tbl patient’
¢ ¥ mtopObjectProperty
* Changelog = hasNeoplasm hasStage-llla )
= hasStage db1/neoplasm/(patientid) :hasStage :stage-lila .
Links SELECT patientid FROM "tbl patient’ where stage=4 and typefalse
Always check for updates on startup.
Notnow Mapping count: 6 Search Hint: Try to continue scrolling down the table to retrieve more results 5 Export to CSV._.

Reasoner active (¥ Show Inferences Reasoner active (M Show Inferences


http://ontop.inf.unibz.it/
http://github.com/ontop/ontop/
https://www.facebook.com/obdaontop/
http://www.apple.com

The Open Data Platform UNiCS @SIRIS

Research Project office &
Technology Transfer Office staff
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The UNiCS domain ontology

v owlThing

:Affiliation-Reified
:BIST-staff-Reified
:Budget-Reified
:Collection
:Dataset
:Datavoc
:ActivityType
:Budget-Voc
:Eurostat-field
:Gender
:MetricCategory
:MIUR-Citizenship
:PRIN-Voc
Sorting
:UnityOfMeasure
:VQR-field
:DisplinaryClassification
:ANVUR-GEV
:BIST-Classification
:EC-Classification
:MIUR-Classification
PatentClassification
:SCOPUS-Classification
:WOS-Category
:EC~ParticipantContribution -Reified
:Eurostat-Reified
:Evaluation
dItem
:Listitem
:Metric
‘MIUR-Reified
:MIUR-ScholarAggregate
:MIUR-StudentAggregate

@ :PersonRole-Reified

v

‘PRIN-Reified
:Project
:EC-Project
:ResearchProject
:Ranking
:RankingVvalue
:PositionValue
ScoreValue
:ResearchOutput
:BibliographicEntity
:Patent
:ScientificPublication-Reified
:Role
‘TemporalEntity
:TerritorialUnit
:UnitOfMeasure
:VQR-Reified
‘WorksFor-Reified
dcAgent
:Organization
‘Person

v wmowltopObjectProperty

= :academicRank

m:agent
m:anvurGev
m:bistClassification
w:budgetDescriptor
= :budgetField

= :composedOf
w:creator

= :dataSource
m:degreeClass
m:ecClassification

w:ecParticipantContribution

™ :ecProject
m:element
m:elementOf

= eurostat

= :curostat-field
mevaluation
m:followedBy
w:fundingAgency
™ :gender
m:geoCoverage
:globalMetric
inUse
Itallanstudent
item
ItemContent
itemContentOf
itemof

location
mapsTo

metric
metricCategory
metricScore
miurCitizenship
miurClassification
:partOf

= :patentApplicant
= :patentinventor
w:personRole-ref
= :personRole-reified
= :positionValue

@ :precededBy

= :prinDescriptor
®:prinField
®:publisher
m:ranking
m:researchOutput
=:role
m:roleContext
m:roleln
m:scopusClassification
= :scoreValue

™ :sorting
®:unitOfMeasure

v mowltopDataProperty

= :abstract

v m:date

v m:year

® birthyear

= :publicationYear
m:description
m:ecContribution
= :ecMaxContribution
m:ecObjective
™ ecRef
m endingPage
™ error
W:geolat
m:geolong
®identifier

operativeClassificationLabel
cordisRef

0l

rantAgreementNo
ternationalClassificationLabel

atentApplicationNo
atentPriorityNo
patentPublishedAs
icNumber
opusidentifier
m:scopusAuthorid
= :scopusOrganisationld
m :scopusPaperld
m:scopusSourceld
m:scopusSubjectAreaCode
-:WoS-id

= :numberOfProjects
@ :pageRange
®:postalCode
®:publisher
w:rangeEnd

= rangestart

= :rank

-:size
m:startingPage

AsCeAD-E+M-

1711 owl:ObjectProperty

1174 owl:DatatypeProperty

3096 owl:Class

+C




UNiCS: main modules D | poapemc

Organisation Research
Rankings Outcomes

are ranked according to
produce

participate in has a role in

Projects Scholars

Organisations

apply for are enrolled in Students
(aggregated data)

s — Statistical Data

contextual information




Current alignments SIRI2 | seavemc

&

uses

c

»

]

w

g
>. 'cr

3

o
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&

°
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‘

owl:imports owl:imports @ uses
org W3C - The Organization Ontology

' frapo Funding, Research Administration and Projects Ontology
owl:imports o owl:imports o uses de DUBLIN Core

skos W3C - SKOS Simple Knowledge Organization System

owl:imports . P
P owl:imports ramon | RDF version of the NUTS classification system Eurostat

owtimports owlimports  owlimports uses foaf | FOAF Essential
o SCoro The Scholarly Contributions and Roles Ontology
pro Publishing Roles Ontology
uses owl:imports @ ° ti Time Interval Ontology

tve Time-indexed Value in Context

@ e owlimports Lses gb W3C - The RDF Data Cube Vocabulary
time W3C - OWL Time

owl:imports owl:imports owl:imports l sdmx Statistical Data and Metadata eXchange

®/ 0 co Collection Ontology
fabio The FRBR-aligned Bibliographic Ontology

prism Publishing Requirements for Industry Standard Metadata

frbr Functional Requirements for Bibliographic Record



The UNICS mappings

mappingId M_project_class

target :Project-{p_id} a :Project ; :identifier {p_id}
source select
p.id as p_id
from

unics.project p

mappingld M_project_acro

target :Project-{p_id} :acronym {p_acro}
source select
p.id as p_id,
p.acronym as p_acro
from

unics.project p

mappingIld M_project_tit
target :Project—-{p_id} :extendedName {p_tit}
source select
p.id as p_id,
p.title as p_tit
from
unics.project p

mappingIld M_project_call
target :Project-{p_id} :ecCall {ec_call}
source select
p.id as p_id,
p.ec_call as ec_call
from
unics.project p

mappingIld M_project_funsche
target :Project—-{p_id} :ecFundingScheme :ECFundingScheme-{ec_fun_scheme}
source select
p.id as p_id,
p.ec_fund_scheme as ec_fun_scheme
from
unics.project p
where
p.ec_fund_scheme is not null

mappingIld M_funsche_class

target :ECFundingScheme-{fs_code} a :EC-FundingScheme ; :shortName {fs_code}
source select
fs.code as fs_code
from

unics.funding_scheme fs



Some of our platforms SIRIS | scavemc

Regional Observatory Smart Specialisation (S3)

H2020 regional explorer

for Research and Innovation Monitoring Tool
Research Information System Open Contracting UNiCS
@PSL Open Basento The Open Platform for HERI

PSL Steategic Infarmation System

¥

veamaiti

n platform for Higher Education and Research

--.?.‘|!ll||"|I| | |

—
=
==
=_
——1



http://unics.cloud/psl

Toscana “Observatory for Research and Innovation”

TEACHING AND RESEARCH STAFF

The staff involved in research and teaching in universities, high schools and research
centres in Tuscany form a fundamental pillar of the regional research and innovation
system. The graphs, all interactive, allow you to observe the trend over time of the number
of academic staff divided by gender, age, classification and subject with two levels of
detail: the 14 areas of the National University Council and more than 300 scientific
disciplinary sectors (). The data can be viewed at the aggregate regional level or for
each university, and in some cases there is a comparison with the national level.
Although in Tuscany there are national public research centres of excellence, the
information relating to them has not been integrated into the portal as they are not
available in an open format on a territorial basis, but only with reference to the
headquarters.

S‘ R ’8 AeGoADEM-1-C

STUDENTS

Human capital, especially young people with university education, is today one of the main
resources for the economic and social development of the territory. Tuscany guarantees a
very rich and diversified range of training options and offers a wide range of opportunities
both In terms of subject areas and types of courses.
The graphs show the number of students enrolled and graduating from Tuscan
universities divided by year, residence, diploma of studies of origin and degree classes.

4.142

Teachers

TOTAL NUMBER OF TEACHERS AND RESEARCHERS
(2018)

I I 4045 4350 0 B0 065 SV OIS It

Distribution by age, role and CUN
area of teachers and researchers

The graphs show the average age of
teaching staff [...

a3

Years

AVERAGE AGE OF TEACHERS AND RESEARCHERS (2014)

Distribution by gender, role and
CUN area of teachers and
researchers — Tuscany

The graph shows, for each year, the

£

19.323

Registrations

NUWMBER OF STUDENTS REGISTERED TO MASTER'S
DEGREES (ACADEMIC YEAR 2017/18)

PERCENTAGE OF FEMALE TEACHERS AND RESEARCHERS 2.003

2017) ~ N
Registrations

NUMBER OF INTERNATIONAL STUDENTS REGISTERED
TO BACHELOR'S DEGREES (ACADEMIC YEAR 2017/18)

Number of students per teacher

and per subject area Provenance of enrolled students

by province of residence

The graph shows the r The fi

gure shows provenance by
between the number of s ey

aphical area of residence (Region

21.770

Registrations

NUMBER OF STUDENTS REGISTERED TO SINGLE CYCLE
DEGREES (ACADEMIC YEAR 2017/18)

4.678

Registrations

NUMBER OF INTERNATIONAL STUDENTS REGISTERED
TO MASTER'S DEGREES

e otom e
et Lo aecras ¢ oogcs e

s o L owe s

e bomgce

oeae Agwe e

e o race

erse vacce

e Gve £ Aovense

ceue es W

Residents in Tuscany enrolled in
universities away from home

These three graphs explore the flow of
residents in Tuscany [..]

67.347

Registrations

NUMBER OF STUDENTS REGISTERED TO BACHELOR'S
DEGREES (ACADEMIC YEAR 2017/18)

Enrolment by type of diploma and
degree class

The display shows the flow of
enrolments by type of [..]




IDEX Université Grenoble Alpes “EU Projects Explorer”

Partners

Select a baseline or display raw data: Select a member role

RAW  FRANCE = EUROPE

Participant v 3.0%
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The UNICS Open Data portal

UNICS

UNIVERSITY @ ANALYTICS

The open platform for Higher Education and Researc
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Semantic technologies & OBDA: we’re thinking about... SIRISh{keresti

Virtual integration over multiple dataset formats (triple store, RDB, no-SQL, for instance)
O Statistical/Multidimensional data (is the ‘RDF Data Cube’ the right solution?)

Semi-automatic generation and testing of mappings

Access control management, distributed ontologies and mappings

Data access and interoperability (SPARQL 1.1, OWL-DL... they are out there!)
Subject Classification Systems and context sensitive data exploration
Data quality & overall (Linked Data) system resilience

= Ontologies specification: costs and benefits

°e4) Ontology understanding and use by non-technical users

Education and training



AsCADE+M-1-C

Opportunities?!

) EUROPEAN
DATA PORTAL

% DatalLift

Insee  mesnp

Smeporae tormat ROF

Latest Nows
" A R -
o e —— i-.,.\. - E OpenCitations Home
an resuts 80 . - : %
—— © acw
—— —
UNDER ACCESS MODE PUBLICATION YEAR DOCUMENT TYPE
& " 40E The main work of CHatons 1§ Te Creaton and cum an open reposAory of scholrty or Gata made avalabie unde 3
e 43100730 rwersnce) harvested '1om the schcry Tersse. Trese i escribes
s scoerang o " cihers may ey DU UGG 6VVARCE 81 U6 Piam o a7y EUADGE, WIROLS
uncer copyrpt or Gatacase v
-
- - - Open Data about the University of Oxford
Springer Nature SciGraph =4 - PXFORD |
A Uinked Ogen thorm for arty domam . COMMU
. . T g . . e
- - 4 oo yfons Linked Universities

Piense foflow us on Twitr and resd e

S AEies Tl Seamets o Sorieets Kot Sd s o the ©  SPARQL (Public store)

R S Query

Aoy,




Innovation EOSC Declaration

Brussels, 26 October 2017

European Open Science Cloud
New Research & Innovation Opportunities
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Thanks for your attention!
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