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Transportation and urban systems: a morass of
data
 Sensors, studies, simulations, ... 52’5;;25;"

* Households, transportation ‘/IDSS Blustooth
. . Travel Times
networks, vehicles, trips, ... M

DS 4 Road
Restrictions

DS5 TranS|t
Vehicle Locations
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Challenge: semantic interoperability

* Ability of computer systems to exchange data with
unambiguous, shared meaning.

<plant>

 Arequirement for machine reasoning, knowledge discovery, and
data federation across information systems.
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The independence fallacy

* Shared attribute(s) identified and used for merging
 Other attributes are assumed to be independent of one-another

Dataset 1

— This is often an oversimplification!

attr-1

attr-2

attr-3

attr-4

Dataset 2 attr-11 attr-12 - attr-7 attr-6 attr-5 Dataset 2

attr-8

attr-9

attr-10

Dataset 3
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Semantic Interoperability
Toronto _ Creation Date Service Request Name

TO_Requestl 01-02-2010 10:35:03 Missing/Damaged Signs

Division Section Service Problem
311 Request Name | Code

TO Requ Transportatyon TMC-Signs MissingjDama SAM-01
estl Services & Markings ged Sig

_ Complaint Descriptor
Type
New York

NYC- 4/30/2013 DOT Street Sigh —  Stop
Requestl 12:00:00AM Damaged
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Source of the problem
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Solution: an ontology for urban informatics

 Addressing the challenge of semantic interoperability with a
formal representation of transportation and urban systems: an
OntOIOgy. Dataset 1

Application
1

Application
2

Dataset 3 Interlingua Dataset 2
(Ontology)
Application Application
3 N
Dataset N

#CASCON2018



Think: Cognitive Computing, Big Data, Cloud, Security and Privacy

RESEARCH & INNOVATION

2018 0OCT 29 -31

What is an ontology?

 (More than) a reference model for the domain. An ontology
answers the questions:

— What are the core concepts and properties of the domain
(transportation and urban systems)?

— What are the key distinctions?

* A precise, reusable, formal (written in a logical language)
representation that supports:

— Integration
— Automated deduction

3 #CASCON2018
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The ontology approach

] \
=% 8 Micro-Theory
& SN « Axioms/Rules
Jj eDeduction — answering questions
y
/ Rk b o o, o o \
a0 ) Definitions and Constraints
EDefinition L&t x L . .
s neco| ®Class Definitions (in Logic)
pReec \2\ ion of | . - .
Uh?ﬁm@ e Automated classification
Y
~ § p
e Knowledge Graph
eClasses and Properties
5 () eTaxonomy and Inheritance
N Y
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Example knowledge graph

network network?2
¥ 4 w
vehl234 rdfs:type Vehicle.
T veh2536 rdfs:type Vehicle.
TransportationNetwork accessTo | yeh1402 rdfs:type Vehicle.
/,', T networkl rdfs:type RoadSystem.
,/’/ - network?2 rdfs:type TransitSystem.
e accesslo veh1234 6
P , .
2 N T vehl234 accessTo networkl.
Classesi; ————————— *> Vehicle /pmperties vehl1234 accessTo network?2.
\\\\ T ‘/,/’/ owns vehl234 accessTo networkl.
\\\ owns
\\\\ ‘ vehl?234 ownedBy ttc.
A ttc vehl234 ownedBy ctc. h
Organization vehl234 ownedBy johnsmith. N
1sAddress

¢ N
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Example definitions and constraints

CommercialVehicle = Vehicle M
JaccessTo.RoadSystem M —(TransitVehicle)

Vehicle —(HouseholdVehicle

3 accessTo.RoadSystem Bus= TransitVehicle 1M

Q TransitVehicle: JaccessTo.RoadSystem
TransitVehicle= Vehicle M JaccessTo.TransitSystem

T Y

TransitVehicle E —(HouseholdVehicle )

N\ HouseholdVehicle
HouseholdVechicle= Vehicle M JownedBy.Person

HouseholdVehicle E —(TransitVehicle)z

N o T o T e T S D P ) T e T T T I

Automatic classification of instances
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Beyond queries & classification: inference

connectedTo (pl,p3) °

Vocabulary Definition Q i
Point connectedTo only ueston

Point l
\ Reasoning

(Vx,y,z)connectedTo(x,y) A connectedTo(y, z)
D connectedTo(x, z)

Data

pl connectedTo p2. _,,—”’A'i <l

pZ2 connectedTo p3.

True
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Implementation: how does it work?

Dataset 1

Mapping Rules Ontology

R1: attr1 —

vehicle . .
Definitions & Constraints

RZ: attr2 =
network &

[ | accessTo(vehicle

, hetwork)

Dataset 2

+

\

/ R Knowledge Graph
N

Dataset 3
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Semantic mapping example

network

Mappings:
Transit Agency Vehicle Location Feed Vehicle ID > RS

Vehlcle I Time Vehicle AN accessTo
owns

Veh1234 43.72053137 -79.52223983 01-Se R
e Carrier 2 veh1234
Vehicle \
accesslo
network?2
Freight Agency Fleet Records f
g

hat is the location of
/ all of the transit

veh1402 vehicles?

*

Veh1402 44.72053137,- Al-cooper 01-Sep-2017
76.52223983
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The iCity Ontology

Urban System

NS,

* Explicit specification of semantics supports:
* Semantic integration
* |nference
* Consistency checking
* (Re-)use of data
* Ensures that data is available to and understood by others
* Applications beyond iCity: the ontology defines concepts generally applicable
for transportation and urban systems.

Spatial Location Time Change Mereology Unitw/

/\ /
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VISUAL ANALYTICS LAB

Visualization the iCity Ontology

#CASCON2018
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SEMANTIC GRAPHS

The iCity Ontology

Network Graph

Complex role-relation association between An effective way to represent the complex
multiple concepts with multiple attributes dynamism of Semantic Knowledge Base
® jo:Title
<rdf-RDF il:; ------ /",.-'? j-0:Software Engineering
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" ‘_f:iTéook ’.r"
© xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#" _: ‘7\\ &
E xmins:j.0="urn:ocadu.ca/"> Q_ “\"’ —
<rdfs:Class rdf:about="urn:ocadu.ca/Person"/> _> ‘\.\" o
Q@  <rdfs:Class rdf:about="urn:ocadu.ca/Book"/> E \
=&=  <rdf:Description rdf:about="urn:ocadu.ca/name"> "i{
@ <rdfs:range rdf:resource="http://www.w3.0rg/2000/01/rdf- u o rﬁ-Jm—.>—-+ j.0:Person
() schema#Literal”/> 4{
</rdf:RDF> /
‘ j-O:name

17 #CASCON2018



CASGON - Think: Cognitive Computing, Big Data, Cloud, Security and Privacy
2018

DESIGN CHALLENGE

X O
"rJ‘
X

Research Theme
» To understand the Highly Complex, Dynamic and

Graph Drawing Layout

0 Scalable (City Ontology, there's an essential need to
lf*.}i_ Sa . develop a visual framework supporting an aesthetically
appealing graph layout

> Visual Interaction and exploration of (City Ontology to

Structure of the graph can only be understand the semantics behind complex role-relation

understandable, if it is in certain readable layout

associations in the form of knowledge network graph

18
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SOLUTION BREAKDOWN

Ontology
Visualization
Technique

A visualization technique is needed, to visualize (City

ontology complex structure in directed network graphs

et

Graph Drawing Visual exploration and interaction with (City Ontology
through proper graph drawing layout

Layout

Should preserve the aesthetic measures for clarity

et

AN
Highly scalable, computationally efficient and expressive

Scalability & . = Y = .
in terms of visualizing taxonomy, inheritance, micro-theory
Performance (axioms/rules and inferences...)

I #CASCON2018
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A Tool for Exploring Semantic Nets!

> Native

Power-Law based

drawing layout

_g NavigOwl: Ontology Visualization Tool
[Ev Model URI:  |C:\Users\AIJAAZ\Documents\Ontologies\doap.rdf

support of Multi-Layered, Multi-Clustered,
improved force-directed graph

‘ &l controls : __@ rdfContainer
|—Graph peratons : #
| 0 Circle La | \ T
‘ yout
‘ 3 0 rdf:Container O doap:BKRepository @ doap:created
:[ Random Layout l\ |’ | @ foafindex.rdf
‘ * © doap:BazaarBranch
‘ /
Force Layout ‘ i | \ f )
‘[ ] O \ R doap:HgRepgsitory L] doap:re%sigga Rl e
fr Spring Layout ]\ @_rdf:Container .. doap:ArchRepository..\, - p:browse v ‘
1 ; A _ \ : ( @ doap:anon-root
\ & X ‘ ‘
‘[ Power Layout ” A LGS A @ dodp:GitRepository Y
‘ Show Nodes Labels ‘ pu O . 7Q doap:Repgtory O doapVersion
‘ ‘ . : ; A
\ ©.rdf:Container doap:CV SEenostofchtion ‘ M
I Defautt Zoom J = TR N\ Y : I\
‘ ‘ O-doapSVNRepositor, v | 1 ¥ . ® doapios
< : Sy N R . . Y i
o Fogen O gl Odoa?Dan:sReposnm_\\)) L—‘ ® doapiplatiomn @ maito:edd@usefulinc.com
Thpn L ooen T /—@ doap:release 0 o
Class Node L2 rdf:Container
. b e | oo / : @ doap:programming-anguage
{ doap:rq;srtory AR AL
. Datatype Property Node ve AL N I~ ~®-doapmailingist
@ obiect Property Node @ Gozpiname i doap 9 doac ool 2P d8veloper
@ Property Node 1| @\ doapdownload-page .
p< N WSS <~ @-doap:maintainer o
Collection Node © doap! [R>S §
' @ doap:Specification (L] TSN 40 —@-doapitester >
@ Literal Node — ) d?apdavn Cad = g . foaf:Person
@ Defaut Node . @ doapimpiements, ‘»-~:‘@?gipm"'mb3"e‘w i
T-Graph - Overview - W duegrcieecigiion { .‘ | P A ' @ doaptranslator
T Overview Y |\
| @ ip/projectName ° doap:documenter
| g ! doap:shortdesc
/ W;S“WS ts:audienoe LN
@ doapiold-homepage | ® foafProject
— @ doap:homepage
\ @ doap:
R wandar ® Project
\ 3
@ foafhomepage @ foaf:Organization
=1 [N i

m
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protégé Plug-in

» UoT Researchers developing iCity Ontology in Protege
(Ontology Editor) and can natively visualize current
ontology through NavigOWL plug-in

<€ TransportationSystem (https://w3id.org/icity/TransportationSystem/1.2/) : [C:\3.0CAD U Data\iCity Ontology Theme T\iCity Ontologies (w3id)\ Transportation System.owl] - O *

File Edit View Reasoner Tools Refactor Window Help

- @ TransportationSystem (https://w3id.org/icity/TransportationSysterm/1.2/) ~|| Search...

Active Ontology = | Entities = | Individuals by class = DL Query = NavigOwl = OntoGraf =

Asserted | || Controls Search 4 =] = =
~ : » O o o Q0+
- owl:Thing Graph Operations O O o O
v ChangeOntologyThing e w. ° 9] o o
i i a o
. amfeslalon Random Layout o Q, )
- TimeVaryingConcept jolntwith O
..... Day of week' Forcz Layout o & . alivalues From Q
""" Node Spring Layout thrst o SuBClassOf o
- OMThing Q o O ““’“"’”%’:@sgof @)
Measure Power Layout O o
Measurement_scale O alibElassd s}
z Show Nodes Labels SubClasa0f
Quantity o P o o
System_of_units Default Zoom o (s} @ ubcisssor @ subClassOf O O
Unit_of_measure o) O eqltivalgfliiass all aluesFrom O s w3 u-g-‘cq'-'C'u'lyu-'Hu'n‘mu-ﬁl o]
OTNOntologyThing Reload I\ o : o ) o o
Composite_Attributes Graph Legend o & f:w ::::;qf\::iu;:giraumh o
Feature Class Node O o) . subClass Of
Geometric . % a description: string a0t
Relationship @ nstance Node & | disjointWith: 71 o Q Al ¢
B Transfer_Point .- Datatype Property Node O R o
¥ @ rdfs:Resource @ obi=ct Froperty Node Q O % 6 ° subClassOf: 11
----- Road_Element = RoadSegment o e ] O
b SpatialLocOntologyThing @ Froperty Node 'e! o Suhf'asiﬂf- ChangeOniiogyThing ] o !
& Temporal entity Collection Node 0 b
‘Time instant’ type: Class o o
- - ; Literal Nod \ - 3
. Time interval @ LteraiNode Q O (
> TimeDntoIog.yThing . @ oefautt Node 4 o o
- TransportationOntologyThing Graph - Overview 9 0 o
) @ e
T Overview o o .

- ° SR [
o . Q 0
» 1 »

Mo Reascner set. Select a reasoner from the Reasoner menu  |v| Show Inferences
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PROPOSED METHODOLOGY (2/2)

WebVOWL: Web-based Visualization of Ontologies

WebVOWL ) e Friend of a Friend (FOAF)
1.0.1 - - vocabulary

> O p e N- SO U rce tO O | fO I inte ra Ctive Sresnster ; shaisum o 3 1 ‘\_”j ’ i_Lteral . http://xmlins.com/foaf/0.1/
._I:F ;“‘“ — I = Version: —
visualization of Ontologies, with - w . e Author(s -
| Liersl | . Language: undefined v
native implementation of Force-

Directed graph layout

» Description

» Metadata
» Statistics

¥ Selection Details

> UoT Researchers using WebVOWL q = e

Type: owl-equivalentClass

tool for visualizing the initial iCity = (wwe)—=="""% ot e o

Disjoint: Project, Organization
Charac.: eguivalent

Subelass of .’__—' N 13:;{: N T, .
O"tOlogy M OdEIS, by |eve ra g I n g s.?z;;::. T LR mageChect Comment: A person.
’ " isDefinedBy: http://xmins.com/foaf/0.1

the native force-directed graph e 51
layout e \

= Ontology @ < Export  (© Gravity  V Filter Modes U Reset Il Pause  © About



RESEARCH & INNOVATION

Think: Cognitive Computing, Big Data, Cloud, Security and Privac
cASBON g P g BIg y y

2018 0OCT 29-31

0 a0 @

©00g 0500

.

.

e?0 o po® .

0,0 000 .

.

.

o0, ° .
®00% o . e @

o, PIR 08,9 2%

y o 02%e5%0 2% %6 %00 ’e

00, ° s ®4p 3

99 % 00 »

oo

PR
0950080 ,0,%
0.0 600
2000

PR

e T 2
000
o0

o0
]

®0 0 o
°0 0

a
a5 600 0% %
10806 00 P 000 60 0
"pﬁ"’oo"ﬂ"’ue
YA

v 0o

Qe

)
0s%0
oy %%

5009

0900

009
00000

LT EAK
“e000®

O Triples

o
°

#CASCON2018




GCASCON Think: Cognitive Computing, Big Data, Cloud, Security and Privacy

2018

PRELIMINARY RESULTS - NavigOWL (1/2)

@ locatio@Refemasiayed at ® maxi
maximum_Speed _Allowed
. startRﬂadElenEnl . fimetable - '. x @ route_Number ® type of Public Transportation Peint
. }currency . i -
. Gﬂﬂtalﬂﬂ . . . ; ' ; ; '. has Ememrgency_ Vehicle Lane
| p-ustal Gnd& pave f g
' o} ® i '&p '
gr . furm_ﬂf_Way ! . ' z . number_of HP“"‘E ' et '. house_Number_Structure
O special_ Restnctm’ d"ﬂﬂtm" -Flow | @ centimetres’. Wl , Iy Se mapm Credit Cards
- . maximum_Height_Allowed i . @degee U @ way Type .’ blnckad F’aasag& Type. : e duraton
' -' T | @ pubiic_Accessile . L ¥ Y
¢ mﬂ*—‘edﬁﬂaﬂElﬂmﬂn{- /) @ maximum_Width_Allowed | pblo Acesstle /i i i .
@ atJunction v b ) @ number_of Lanes | ~ @Ak Tipe o wetherTybe b L L S @ travel Time B
b L " Y .Er_nack served - f__"; o kY . I:Pad_ﬁ'adi?!_'ﬂ o @ buiding_Class_Name
'.II '-II- -' g ) I rﬂad Surfaﬂe i - “u '\-__ ,_‘. ,_':x-‘ -\..1 -Z_.::. '.-- ,.‘: k :;l I'-.- - . ] .l--._.--' ...-__- B . .
O opening_ P'El'lﬂ'd e AT = : . Jnc:.at.lﬂn P Ny T‘fﬂ-& e .;:._ .;* @ accident_Date
@ traffic Jam Sensitivit NS4 | ‘JE Military "~ NN XY -*"“"";' : .’Smﬁ: -c:i:lnr_ A spoed” g Charge
Ao Mo AN Y i | w Ve Ry ‘ _
Y SN A @ maximum_Length_Allowed | @ divider_Type '*.‘-t‘i:f. 3 f e e e
N *y @ maximum_Total_Weight_Allowed i R . H&MT i ﬁl f 7 _.-~® traffic_flow_Direction
. | “eep-Time __ "™ B R AN 7 '
- - https HWSId org/icity/OTN/OTNOntologyProperty 5 S - Z-_::;.-;:_--,-_' . Z ,4 - @ steetSide @ tane Dependant vandy
@ divider irst_Route Sﬂﬁtlﬂn SR - ® wl | - ® roag Surface, @nd.mn“_.___“"' hﬁpsﬂw.‘!l_-jd.nrg.flmt}'r-DTN.fDTN-DntﬂbgyDataF’mp-&rty'
'. '. : .' | ‘ EUbPrﬂ‘p'B‘rtYOf E ."ira—fﬁ{: Jarn F"I‘Dhﬂ.hl“‘t‘g‘ T .' T : xh:‘ﬁ"h - B @ W
: ' | @ divided B T '- i_':nf'f'rc:l.:aﬂ~ “Name e _
S | : .- Tatoen " ‘ }uru:tmn _Type @ location_Reference Code
® accident @ (b ® validity Peri : ' '.wﬂﬂh’f e Pra N |
house Numbﬂr_Rangg validity Period ! = 2 El.r&akfast mt&rmaul:lﬁ“fi& mﬂrdl ’tas o @ intermediate_House Numbers
= 1 1 1 i . agguj&nt Id . - .._,.-- ._.-' .-_..__ .- ', ! _- ._ . .\_x. _x..--\-% T - -
| @ first. Stop_Poin ® cmergency Vehicle Lane | U AR } L N N ® aiternate_Name
® cnds 31 0 5 P 1. construction_Status gency_ | ) P m,h i I'bnusarNumb-&r d Vo . @ blocked sage_Location
O endRc}adElement bbﬂkﬂd assage 5 ® oncie Type _‘":.’ soo 4] e park And_hige . @ wallng_Time
E p '. park;mg Facilities_ A'-.rallahln& -"u ® length
- : http://www.pms.ifi.uni-mu | 2 A . | |
: Lt A verage_Vehicle Speed ' "I A : e | Lo .
@ is_Accessible At i - - - | ‘® . Et s ._ | iast_House_Number
- - ® bounding_Edge enchen.de/OTN#emergency_V ; ®lanes consffucton efege @ fioe_Parking. ® neight_of_Pass
@ maximum Number of Lanes ehicle_Lane ° sand_ﬂ-r&a'_-Tw& o .-ﬁmmﬂp& ' @ oxternal Link
. ‘s f | ! @ public_ Transport_ h'lnde -
minimum_Number_of_Lanes | ® Business_Lunch > ou sﬂﬁ?ﬂﬂﬁ
subPropertyOf: OTNOntologyPropk @ starting_Date
@ enclosed Traffic Area Type

In-Depth Visual Analysis of iCity Transportation System Ontology
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PRELIMINARY RESULTS - WebVOWL (2/2)

WebyOw RN | s AN\ T Jaable” ICity Organization

Version: 1.2
Author({s): Megan Katsumi

Language: en ¥

¥ Description

An organization may be a company
or other sort of group of individuals
in the urban system with some
goal(s). An Organization may own
Property, including different types of
Buildings. An Organization may have
an address. An Organization has at

~ Ry —

. "
i e least 2 members. An Organization
| has some Goal(s), this represents

: ' some state or complex states, and
R e allows for the representation of
e

various groups' responsibilities. An B

¢ «Egort VFiter fModes ¢ Reset IlPause {Options ©About . Metadata

In-Depth Visual Analysis of iCity Organization Ontology
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FINAL THOUGHTS

VISUAL INTERFACE
cf}op Initial Visual Interface for exploration and interaction of (City ontology for better understanding the
dynamism and complexity by leveraging NavigOWL graph Layout

QD WEB INTERFACE
L

Proceeding with web-based interface of WebVOWL with integrated improved graph layout for
online accessibility and usability for other (City groups and stake-holders

e

EEH A ENRICHMENTS
I Expressive representation of micro-theory, axioms/roles with support of Visual Filters and Adaptive
M View to display “Significant” sub-graph(s)
=] QUERY INTERFACE
:;‘Q Visualization of Query Results on (City Ontology with embedded view in other (City Dashboards for

reusability and extendibility

25 #CASCON2018
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