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Km4CityOntology
Tools, Daténgestion
and Applications

Km4CityOntology Protégé WLODE, Virtuoso,
Open Street Map, OsmosRostgreSQL+PostGEparglify
ReaiTime Traffic Estimation of Unmonitored Roads
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Alntroduce some useful tools
ADraw an outline of the Km4City Ontology in its entirety
ASee the Street Guide section of the Km4City Ontology in great detail

Alnspect the correspondences between the resources in the Km4City KB that
represent the street graph, and the Open Street Map

ADiscover how information about the Km4City _Ontololgy can be found in the
source XML/RDF document, in Protege, and in the Km4City KB

AOutline the process for the ingestion of the Open Street Map data

Alntroduce a notable application based on the street graph stored in the
Km4City KB: thRealTime Traffic Estimation of Unmonitored Roads

APresent theDatameter a DISIT Lab research (and set of tools) for measuring
relevant features and performing an automatic characterization of triplestore
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Tools

A Protégévs.2.0+

A Afree, opend 2 dzNDS 2y (2t 238 SRAU2NI F YR FNIYSg2N] Tz
(https: //proteqe stanford.edu)

AWLODE
Aa'dzuzvl 1SR _h? 2y g2ft238 R szSy,l-ij)\zy ISY SN}
hLISYy 51 uI Sy I AiS: //dltmﬁtRcorﬂch]t/ PP a &

Alinked Open Graph o ,
Aal GAadzl £t G022t F2NJ 0NRgaAy 3 hdyathvo.yommsigt/lirkdda 1 |

open-graph
A Virtuoso
Aal 2yOSLIjdzt f ez Daté\\]uﬂctdﬁmaat dxMe@tkrﬂlseaandlm |vdu | a gI|J'[¥ |
68 RSNRAGAY3I I {SYFYUAO 2S06 2F [AYy1lS F N

(https://virtuoso.openlinksw.com

A Open Street Map . . Ca s
AdhlLISY{ GgNBSGalLl Aa | YIFLI 2F GKS ¢2NIXRZ ONXBI 0S
t A OS jttasS/wew.openstreetmap.org)
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https://protege.stanford.edu/
https://github.com/disit/WLODE
https://github.com/disit/linked-open-graph
https://virtuoso.openlinksw.com/
https://www.openstreetmap.org/

Protége

A"A free, opensource ontology editor and framework for building
Intelligent systems"[{ttps://protege.stanford.edu)

AThe Km4cCitPntologyis developedwith Protégé

ADownload the ZIP filat
http://www.disit.org/ drupal/?g=homeé&axoid=urn%3Aaxmedis%3A0
0000%3A0b|%3Aa863ccébcc492d9afa0c852aa34ae?

AOpen theextractedRDF file witlProtégé and..Enjoy J
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https://protege.stanford.edu/
http://www.disit.org/drupal/?q=home&axoid=urn:axmedis:00000:obj:a863cca5-6dcc-492d-9afa-0c852aa34ae2

Protége ActiveOntology

© schema (hitp

Ontology Version IRI

Annotations

rdfs:label  [language: en]

dcterms:license

rdfs:comment  [langu.

meteo del Lamma

-/ fwww.disitorg/kmdcity/schema) : [C\Users\msode\OneDrive\Documenti\Task - Relazione Dottorato 2018\Material\km4c-ontology\km4city-1-6-5\km4c Virtuoso 1.6.5-RDF.rdf] - ] X
.dit View Reasoner Tools Refactor Window Help
www.disit.org/kmécity/schema) ¥ | Search... &
sctive Ontology = ‘ Entities x ‘ Classes x ‘ Object Properties x | Data Properties x ‘ Individuals by class x ‘ DL Query x |
Ontology header: IS ® & § Ontology metrics: B0
Ontology IRI http://www.disit.org/km4city/schema Metrics =
Axiom 15767
Logical axiom count 3625
Declaration axioms count 2671
Class count 1352
km4city: the DISIT Knowledge Model for City and Mobilit .
v 9 v v Object property count 895
Data property count 386
https /fereativecommons.arg/licenses/by-sa/3.0/i )
ke L —ae b Individual count 14
t] Annotation Property count 46
Kmdcity permette l'interconnessione, la memorizzazione e la successiva interrogazione, di molti dati provenienti da differenti fonti, quali i vari portali della regione toscana (MIIC, L
muoversi in toscana, osservatorio dei trasporti) o gli stessi Open Data e Linked Data messi a disposizione dai singoli comuni (principalmente Firenze), Si tratta quindi di un'ontologia DL expressivity ALCRIQ(D)
di notevoli dimensioni, che conviene pertanto suddividere in macroclassi, e per la precisione, attualmente, sono state individuate le seguenti macroclassi:
1. Amministrazione: la prima macroclasse che & possibile individuare, le cui classi principali sono PA, Municipality, Province, Region, Resolution. a X
2, Stradario: formata dalle classi Road, Node, RoadElement, AdminidtrativeRoad, Milestone, StrestNumber, RoadLink, Junction, Entry, EntryRule & Mansuver, ass axioms
3, Punti di Interesse: comprende tutti i servizi, le attivita, che possono essere utili al cittadino e che quindi quest'ultimo pud aver necessita di ricercare e di raggiungere. La
classificazione dei singoli servizi e attivita si basera sulla dassificazione precedentemente adottata dalla Regione Toscana. Sone inoltre inclusi in questa macroclasse le Digital SubClassOf 1554
Location e gli eventi programmati (dati Real Time) del comune di Firenze EquivalentCl 2
4. Trasporto Pubblica Locale: attualmente disponiamo dellaccesso ai dati relativi agli orari programmati delle principali aziende TPL, al grafo ferroviario, e ai dati relativi al tempo reale quivalentllasses
dell'ATAF, Tale macroclasse @ guindi formata dalle classi TPLLine, Ride, Route, AVMRecord, RouteSection, BusStopForeast, Lot, BusStop, RouteLink, TPDunction. DisjointClasses 10
5. Sensoristica: anche |la macroclasse relativa ai dati provenienti da sensaori & in via di sviluppo. Attualmente sono stati integrati nell'ontologia i dati raccolti da vari sensori installati
lungo alcune strade di Firenze e dintorni, e quelli relativi ai posti liberi nei principali parchegai dell'intera regione; & gia presente anche |a parte relativa agli eventi/femergenze, dove
pero attualmente i dati raccolti sono in numero molto limitato e oltretutto vecchi di mesi, Oltre a questi dati, sono stati inseriti in questa macroclasse anche quelli relativi alle previsioni
Hidden GCI Count 2
6. Temporale: macrocla che punta allinserimento di concetti legati al tempo (istanti di tempo e intervalli di tempo) all'interno dell'ontologia, in mode da poter associare una linea
temporale agli avvenimenti registrati e poter riuscire a fare previsioni. ~ ~
7. Metadati: macroclasse di triple associate al context di ciascun dataset; tali triple raccolgono le informazioni relative a licenza del dataset, se il processa di ingestion & Object property axioms
automatizzato completamente, il formato della risorsa, una breve descrizione della risorsa ed altre info sempre legate alla risorsa stessa e al suo processo di ingsstion.
SubObjectPropertyOf 37

rdferammant  flanAnans: snl

|Onto|ogy imports ‘ Ontology Prefixes ‘ General class axioms |

Imported ontolog

Direct Imports
<http://purl.oclc.org/NET/ssnx/ssns

IRL: <http:fipurl.oclc.org/NET/ssnxssn=
hitp:#purl.ocle.org/NET/ssnx/'ssn
<http:/fpurl.oclc.org/NET/UNIS /fiwarefiot-lite #>
iot-lite
Ontol
Locati

IRL: <http:ipurl.oclc.oraiNET/UNISMiwarefiot-lite#=
CUsers\'msode\OneDrive\Documenti\Task - Relazione Dottorato 201 8\WMateriallkmd c-ontoloayikm 4 city-1- 6-5liot-lite.rdf

<http:/fwww w3.org/ns/ssn/systems/>
systems

To use the reasones click Ressoner > Start reasoner
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XML/RDFOntologyMetadata

<0ntology rdf:about="http://www.disit.org/kmdcity/schema">
<rdfs:label xml:lang="en">kmdecity: the DISIT Knowledge Model for City and Mobility</rdfs:lakel>
<dct:description xml:lang="en">A Knowledge Model to describe a smart city, that interconnect data from infomobility service, Open Data and other source</dct:description>
<dct:publisher>DISIT Lab, University of Florence, Italy, http://www.kmdcity.org</dct:publisher>

"en"=DISIT lab: infofdisit.org, kmdcity@disit.org </dct:creator>

an

<dct:creator xml:1

<dct:contributor =m "en">Nadia Rauch, Municipality of Florence, Tuscany Region</dct:contributor>

<vann:preferrediNamespacePrefix>kmic</vann:preferredNanespacePrefix:

<dct:isubject xml:lang="en">Ontology, Semantic SEQ, RDFa, Linked Data, RDF, Semantic Web, Smart Recommender Systems, Smart City, Transportation Network, Smart Mobility, Citizens Services, Semantic Model, knowledge model
</dct:subject>
<dct:creator xml

g="en">Pierfrancesco Bellini, Paoclo Nesi, Mirco Soderi</dect:creator>
"en">The Fnowledge Model for the City - kmdcity - is available under Creative Commons Attribution-ShareAlike 3.0 Unported license</dct:rights>
<vann: preferredNanespaceUrl»http S /www.disit.org/kmdcity/schema</vann:preferrediansspacelris

<dct:rights xm

<rdfs:comment xzml:lang="en">The kmdcity knowledge model enables the description of smart cities, leveraging interconnection, storage and interrogation of data from many different sources, such as varions portals of the
Toscan region (MIIC, Mooversi in Toscana, Osservatorio dei Trasporti), Open Data and Linked Data, provided by individomal municipalities (mainly Florence). It is therefore evident that the ontoleogy will be bmilt, will
noet be small, and so it may be helpful to view it as consisting of varions macro classes, and to be precise, at present, the following macro-categories have been identified:
1. Administration: the first macroclass that is possible to discover, whose main classes are PA, Monicipality, Province, Region, Rescolution;
2. Street Gunide: the main classes of this macroclass are Road, RoadElement, AdministrativeRoad, Milestone, StreetNumber, Roadlink, Junction, Entry, Node, EntryRule and Maneuver;
3. Points of Interest: includes all services, activities, which may be mseful to the citizen, and that may have the need to reach. The classification of individmal services and activities will be based on
classification previously adopted by the Tuscany Region. Digital location and schednled events (real time data), from the municipality of Florence, are also included in this macroclass. In general, all the classes that
specialize the class Service belong to this macroclass;
4, Local Pubklic Transport: currently we have access to data relating to schednled times of the leading LPT, the graph rail, and real-time data relating to ATAF services. This macroclass is then formed by many classes
like TPLLine, Ride, Route, AVMRecord, RouteSection, BusStopForeast, Lot, BusStop, Rontelink, TPLJunction.
5. Sensors: the macroclass relative to data coming from sensors is developing. Currently in the ontology have been integrated data collected by varions sensors installed along some roads of Florence and in that
neighborhood, and those relating to free places in the major parks of the whole region:; in our ontology is already present the part relating to events/emergencies, where, however, the collected data are currently very
limited in number plus several months old. In addition to these data, in this macroclass were included also data related to Lammaispos:s weather forecast. Some of the main classes forming this macroclass are
SensorSite, SensorSiteTable, CarParkSensor, SitunationRecord, Weather sensor, Observation.
6. Temporal: macroclass pointing to incluode concepts related to time (time instants and time intervals) in the ontology, so that yom can associate a timeline to the recorded events and can be able to make predictions.
7. Metadata: set of triples associated with the context of each dataset; such triples collect information related to the license of the dataset, to the ingestion process, if it is fully antomated, to the size of the
resource, a brief descrlptlon of the resource and other info always linked to the resource itself and its ingestion process.</rdfs:comment>
<versionInfo xml ="en">V 1.6.5 RDFSPlus Adaptation, Release 2018-02-19</versionInfo>
<dct:title =xml 'en">km4ecity, the DISIT EKnowledge Model for City and Mobility</dct:titles
<imports rdf:resource="http://purl.occlec.org/NET/UNIS/fiware/iot-1liteg" />
<imports rdf:resource="http://purl.cclec.org/NET/ssnx/ssn"/>
<imports rdf:resource="http://schema.rdfs.org/all"/
<foaf:homepage rdf:rescurce="http://www.disit.org/"/>
<foaf:homepage rdf zource="http: //www.kmdcity.org/" />
<imports rdf:rescurce="http://www.w3.org/ns/ssn/"/>
<imports rdf:resource="http://www.w3.org/ns/ssn/systems/"/>
<dct:license rdf:resource="https://creativecommons.org/licenses/by-sa/3.0/it/"/>

</Ontology:>
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Protége Classes

o/ fwww.disit.org/kmdcity/schema) : [C\Users\msode\OneDrive\Documenti\Task - Relazione Dottorato 2018\Material\km4c-ontology\km4city-1-6-5\km4c Virtuoso 1.6.5-RDF.rdf] - ] X

.dit View Reasoner Tools Refactor Window Help

A ‘@ schema (http://www.disit.org/kmA4city/schema) 'H Search... ‘A
«ctive Ontology = Classes x | Object Properties x ‘ Data Properties xl

|Class hierarchy ‘ Class hierarchy (inferred) ‘ Annotations | Usage
Class hierarchy: loTSensor [ = Mm X § Annotations: loTSensor D= mE

[ ][]

I

Annotations

- Region rdfs:label  [language: it]
Sensore
@ Result rdfs:label  [language: en]
4 Ride Sensor

@ Road_Element
© Route : .
RouteSection Le istanze di questa classe rappresentano ciascuna un sensors.
2 Sampling
. @ schema:DateTime rdfs:comment  [language: en]

@ schema:Thing The instances of this class represent each a sensor.
schema:Time
SensorSiteTable
=@ Service el

@ service Description: loTSensor i

rdfs:comment  [language: it]

<

2
2
8
I |

Accommodation

I

Equivalent Ta

»- @ Advertising
»- @ AgricultureAndLivestock
@ Area

ass Of

> ndEdilEngineering

> © attributesStatus only xsd:string

- igitalL i @ created only xsd:dateTime

: e :i:‘:;t::‘l:"dnmmh © exposedBy exactly 1 ToTBroker

- Entertainment @ format only xsd:string

¥ Environment @ ha: il min 1

%~ @ Financialservice © hasSystemCapability only SystemCapability
b GovernmentOffice -

@ HealthCare @ implements exactly 1 Procedure

»- @ IndustryAndManufacturing @ IoTDevice

L IoTActuator © macaddress only xsd:string
#-  IoTDevice

i @ medel only xsd:string
MiningAndQuarrying @ observes min 1 Property

b : :ath arServi © producer only xsd:string
b egularService

ShoppingAndService 0 propertiesStatus only xsd:string
TourismService © protocol only xsd:string
¥ TransferServiceAndRenting © Sensor
@ TransverseService N
»-- @ utilitiesAndSupply @ service
» @ Wholesale
* @ WineAndFood I General class axioms
- Situation

© situationRecord
StatisticalData
Stimulus

ass Of (Anonymous Anc

[T

@ hasSurvivalRange only SurvivalRanae

To use the reasoner click Ressaner » Start ressonsr
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Protége Object Properties

-/ fwww.disitorg/kmdcity/schema) : [C\Users\msode\OneDrive\Documenti\Task - Relazione Dottorato 2018\Material\km4c-ontology\km4city-1-6-5\km4c Virtuoso 1.6.5-RDF.rdf]

.dit View Reasoner Tools Refactor Window Help

© schema (htt,

.disit.org/kmécity/schema)

v || Search... | A

«ctive Ontology = Classes x ObjectProperties x  Data Properties x

ndsAtNode

V- m owl:topObjectProperty

accessToElement

. actsOnProperty

.M approvedByPa
= arrangedOnRoad
= atBusStop
== beginsAtJunction
= belongToElement

- belongToMunicipality

- belongToRoad
= coincideWith
== composeDirection
== composeSection
™= concerningNode

- W concernLine

- consistOfElement

- W containsElement
== correspondsTe
== correspondToJunction
= deployedOnPlatform
mm deployedSystem

- describes

- detects
. detects
== endAtJunction
= endingJunction

- ‘endsAtStop

.. exposedBy

- W exposes
== finishesAtJunction
= foaf:based_near
== formingAdminRoad
mm formsTable

.. forProperty

== forProperty

== geo:location

== hasAccess

== hasAttribute

™ hasAttribute

- hasAvMRecord

- hasBObservation

- MM hasCarParkSensor
= hasCoverage
= hasDeployment
== hasDistrict
™ hasElement

- hasExpectedTime

- hasExternalAccess
. hasFeatureOfinterest
== hasFirstElem

[t o= CTjE)

Annotations | Usage

R Il Annotations: endsAtNode

E| dfs:label  [language: it]
Finisce al nodo

rdfs:label  [language: en]

Ends at node

rdfs:comment  [language: it]

Un elemento stradale & delimitato da due nodi.

rdfs:comment  [lang

e en]

Aroad element is delimited by 2 nodes.

Functional Equivalent To

Inverse functional

ity Of

Transitive
Symmetric Inverse Of
AT Domains (intel
Reflexive RoadElement
Irreflexive

Ranges (intersection)

Node
Disjoint With

i (Chain)

To use the reasones click Ressoner > Start reasoner
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Protégé Data Properties

-/ fwww.disitorg/kmdcity/schema) : [C\Users\msode\OneDrive\Documenti\Task - Relazione Dottorato 2018\Material\km4c-ontology\km4city-1-6-5\km4c Virtuoso 1.6.5-RDF.rdf] - ] X
.dit View Reasoner Tools Refactor Window Help

@ schema (http://www.disitorg/km4city/schema) v | Search... 4

«ctive Ontology x‘ Classes x | Object Properties x ‘ Data Properties = |

archy: extendName BIIZI0E] | Annotations | Usage:

Data property

Ta | S| | B e Il Annotations: extendName EIEmE
= averageDistance -
- averageSpeed .
. averageTime [language: it]
- axialMass Nome esteso
= batteryLevel
bicycle rdfs:label [language: en]
= blueCodeCount Extend name
= botanicalFamily
- mmbus rdfs:comment  [language: it]
.. capacity .
Riporta il nome completo della strada, comprensivo di denominazione urbanistica generica.
. caravan
= carParkStatus

rdfs:comment  [language: en]
W category : . :
m classCode It provides the full name of the road, including generic naming.
- collectionTime
- i combinedTraffic
.. composition
= concenratin
== condition
= created Functional Equivalent Ta
= currentlyActive
--mm data_type
- day SubPr
== day_off
== day_on
= dcterms:alternative Domains (inte
™ dcterms:identifier
. depthkm @ Road
- i differentValues
- il direction
== disabled
distance
== districtCode
i elementClass Disjoint With
- elementType
- il elemLocation
== emergency
= endpoint
= enrolledStudents
= entryType
™ estimatedYearsToReturn
. eventCategory
- W eventTime
= except
= exitRate
= expectedTime
= exponent
:
- il extendNumber
mm fillRate
= firenzeCard -

arty Of

@ xsd:string

To use the reasones click Ressoner > Start reasoner
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Protége Reasoning

dit  View -Tuals Refactor Window Help

© schemz

«ctive Ontology x Properties x

Stop reasoner

Data property

-/ fwww.disitorg/kmdcity/schema) : [C\Users\msode\OneDrive\Documenti\Task - Relazione Dottorato 2018\Material\km4c-ontology\km4city-1-6-5\km4c Virtuoso 1.6.5-RDF.rdf] - ] X
v || Search... | A
BIT=EE | Annotations |Usage |
e Il Annotations: extendName DS

Ta| S |3
mmaverageni  Configure...
.= averagesy
-.mm averageTii ®* HermiT 1.3.8.413
- W axialMass
mmpatteryLey  NOne

[language: it]
Nome esteso

rdfs:comment  [language: en]

= category . . X

™ classCode It provides the full name of the road, including generic naming.
- collectionTime

- i combinedTraffic

.. composition

== condition
= created Functional Equivalent Ta
= currentlyActive
--mm data_type
- day SubPr
== day_off
== day_on
= dcterms:alternative Domains (i
™ dcterms:identifier
. depthkm @ Road
- i differentValues
- il direction
== disabled
distance
== districtCode
i elementClass Disjoint With
- elementType
- il elemLocation
== emergency
= endpoint
= enrolledStudents
= entryType
™ estimatedYearsToReturn
. eventCategory
- W eventTime
= except
= exitRate
= expectedTime
= exponent
:
- il extendNumber
mm fillRate
= firenzeCard -

erty Of

@ xsd:string

bicycle rdfs:label [language: en]
= blueCodeCount Extend name
= botanicalFamily
- bus i rdfs:comment  [language: it]
W capacity Riporta il nome completo della strada, comprensivo di denominazione urbanistica generica,
. caravan
= carParkStatus

Reasoner active

== concentration Characteristics: extendName NS m B f Description: extendName LIOEs)
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WLODE

AWLODEs an"Automated OWL ontology documentation generator with
graphics and diagrams, Web Linked Open Data engine and graphics"

Alt generated XML/SVG/PN@Glagramsof conceptsand entire ontologies
on-the-fly, basedon the XML (RDF/OWL) representation of ameology.

Alt generatesa complete Web (HTMdpcumentationof anontologyon the
fly, includingdiagramsalsogenerated orthe-fly, basedon the XML
(RDF/OWL) representation of tleatology

Alt isopen source softwardevelopedby the DISIT Lab aiitds available for
downloadat https://github.com/disit/WLODEFeelfree to getit, and...
Enjoy J Alot of workstill hasto be done.

ADiagramghat you canseein theseslidesall are generated by WLODE.
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https://github.com/disit/WLODE

Linked Open Graph

A Select a dataset, and browse

resources within it in a visual manner.

A The Linked Open Graph (LOG) is a
Web tool developed at DISIT Lab.

A It can be reached at:

https://log.disit.org/

4 Open Graph X +

c & https://log.disit.org/service/

Linked Open Graph

Select a SPARQL endpoint: Global Endpoint Map

AEMET metereological dataset v

Examples:
2 View endpoint relation
e Observation at: 1313948400000 from:
08051 about: GE0925
e Observacion: 1313948400000 de: 1639X sobre: DMAX10m
e Observacion: 1313948400000 de: 08040 sobre: PREC
e Observacion: 1313948400000 de: 08006 sobre: RVIENTO

Choose a class:

Search for keyword v

keyword:

uri: http://... Request

L4 Multiple endpoint search
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https://log.disit.org/

CUSTOMERS

- . . 121122
Virtuoso: Quick iz | 1]

o SEMANTIC WEB OF LINKED DATA
. LaA AL " {WEB 3.0)
Introduction L
: : d
A Virtuoso is a opesource software ‘e . :
. . SYSTEMS OF RECORD
A Itis a NeSQL database (triplestore) (CRM, HR, ERP, SAF, ACCOUNTING] O
management system, and much more @ ) (AR ECONOMY)
. . . L ol L) ° o V : S
A 1tis the DISIT Lab choice for the Km4Cil o S
Knowledge Base
A Get it and learn more at: e
https://virtuoso.openlinksw.com/ R AR A el 2
A 1t can be queried through a dedicated o® BLOGS, WIKIS,
Web interface (the SPARQL query edito e 3 SEEEESE
0 KNRdAK wo9{¢ !'tL O S 3 A
': ‘d
VARIOUS DOCUMENT TYPES : LINKED OPEN DOCUMENTS CLOUD
{CSV, JSON, XML, HTML, ICAL, VCARD) . (WEB 1.0)
‘A' %
VENDORS & PARTNERS
% |bcitsn: | DINFO | DISIT
FIRENZE | BSiaiuoome | SN e



https://virtuoso.openlinksw.com/

Virtuoso SPARQL
Query Editor

A For each Virtuoso server instance a Web
interface is available for submitting
SPARQL queries

A Different result formats are available

oso SPAROL Query Editor X +

> @ (@ Notsecure | 192.168.0.208:8890/sparq

Default Data Set Name (Graph IRI)

Query Text

select * { <http://waw.disit.org/kmicity/schema#arealame> ?p v}

(‘Security restrictions of this server do not allow you to retrieve remofe RDF data, see defails.)
Results Format HTML v
Execution timeout: 0 milliseconds (valves less than 1000 are ignored)

Options: #| Strict checking of void variables

(The result can only be sent back to browser, not

Run Query || Reset

saved on the server, see details)
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Open Street Map  www.openstreetmap.org
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