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Transportation and urban systems: a morass of

data

 Sensors, studies, simulations, ...

* Households, transportation
networks, vehicles, trips, ...

DS1: TS

DS

DSZ: Loop
Detectors

DSS: Bluetooth
Travel Times

DS 4 Road
Restrictions

DS5: Transit
Vehicle Locations
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Challenge: semantic interoperability

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

* 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
 QOther 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 01-02-201( 10:35:03 Missing/Damaged Signs

Division Section Service Problem
311 Request Name | Code

TO _Requ Transportaton TMC-Signs MissingjDama SAM-01
estl Services & Markings ged Signg

_ Complaint Lescriptor
Type
New York

NYC- 4/30/2013 DOT Street Sighn—  Stop
Requestl 12:00:00AM Damaged
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Source of the problem

SCASCONZONSE
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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

Ont0|ogy. Dataset 1
Application Application
1 2
Dataset 3 Interlingua Dataset 2
(Ontology)
Application Application
3 N

Dataset N
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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
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Definitions and Constraints

eClass Definitions (in Logic)
e Automated classification
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Knowledge Graph

eClasses and Properties
eTaxonomy and Inheritance
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Example knowledge graph

TransportationNetwork

7 accesslo
/// ’ V\\
classes ‘- --------- - Vehicle properties
b
Mo owns
-

Organization

network network?2
w A A =
vehl1234 rdfs:type Vehicle.
T veh2536 rdfs:type Vehicle.
accesslo | yeh1402 rdfs:type Vehicle.
networkl rdfs:type RoadSystem.
- network2 rdfs:type TransitSystem.
veh1234
T vehl234 accessTo networkl.
vehl234 accessTo network2.
owns vehl1234 accessTo networkl.
vehl234 ownedBy ttc.
ttc vehl234 ownedBy ctc.

vehl234 ownedBy johnsmith.

h
N\
1ISAddress

N
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Example definitions and constraints

CommercialVehicle = Vehicle I

Vehicl JaccessTo.RoadSystem M —(TransitVehicle)
enicle —(HouseholdVehicle

‘ 3 accessTo.RoadSystem Bus= TransitVehicle M

Q TransitVehicle: JaccessTo.RoadSystem

ransitVehicle= Vehicle M JaccessTo.TransitSystem
ransitVehicle E —(HouseholdVehicle )

ouseholdVehicle:
ouseholdVechicle= Vehicle M JownedBy.Person
ouseholdVehicle E —(TransitVehicle)z

Automatic classification of instances
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Beyond queries & classification: inference

Vocabulary Definition

Point connectedTo only
Point

connectedTo (pl,p3) °

Question

l

Reasoning

Data

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

pl connectedTo pZ.
pZ2 connectedTo p3.

True

#CASCON2018
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Implementation: how does it work?

Dataset 1

Mapping Rules Ontology

R1: attl‘1 —

vehicle D .
Definitions & Constraints

RZ: attl’2 —
network &

|| accessTo(vehicle

, hetwork)

Dataset 2

+

\

/ o Knowledge Graph
n

Dataset 3
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Semantic mapping example

network

Mappings:
Transit Agency Vehicle Location Feed Vehicle ID - R

Vehlcle I Time Vehicle AN accessTo
owns

Vehl1234 43.72053137 -79.52223983 01-Se R
e Carrier - veh1234
Vehicle \
accesslo
network?2
Freight Agency Fleet Records /‘
g\

hat is the location of
/ all of the transit

veh1402 vehicles?

*

Veh1402 44.72053137,- Al-cooper 01-Sep-2017
76.52223983

#CASCONZ2018
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The iCity Ontology

Lirhan Qvetam

* 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.
* For more information:
o http://ontology.eil.utoronto.ca/icity/UrbanSystem
o https://uttrizltoronto.¢afresearch/projectsficity/papers/theme-one/

\ /

#CASCON2018
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VISUAL ANALYTICS LAB

Visualization of the iCity Ontology
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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
? j.0:Title
i
|
<rdf:RDE 'i:7 - /,.—}’ j-0:Software Engineering
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" [0:Book |
(o) xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#" N - R -}J}
E xmins:j.0="urn:ocadu.ca/"> o \\" Auth
<rdfs:Class rdf:about="urn:ocadu.ca/Person"/> _> \.\j'o >
Q)  <rdfs:Class rdf:about="urn:ocadu.ca/Book"/> E Y
=  <rdf:Description rdf:about="urn:ocadu.ca/name"> w %‘{
O <rdfs:range rdf:resource="http://www.w3.0rg/2000/01/rdf- @ j-0Jotn > --+ j-0:Person
U schema#Literal"/> d
</rdf:RDF> /
() j-0O:name




RESEARCH & INNOVATION

CASCON -

2018

DESIGN CHALLENGE

Graph Drawing Layout

=

Structure of the graph can only be understandable, if

it is in certain readable layout

X O

X

Research Theme
» To understand the Highly Complex, Dynamic and Scalable iCity

Ontology, there’s an essential need to develop a visual

framework supporting an aesthetically appealing graph layout

» Visual Interaction and exploration of iCity Ontology to

understand the semantics behind complex role-relation

associations in the form of knowledge network graph
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SOLUTION BREAKDOWN

Ontology
Visualization
Technique

Graph Drawing
Layout

Scalability &
Performance

A visualization technique is needed, to visualize iCity ontology

complex structure in directed network graphs

et

Visual exploration and interaction with iCity Ontology through
proper graph drawing layout

Should preserve the aesthetic measures for clarity

s

Highly scalable, computationally efficient and expressive in
terms of visualizing taxonomy, inheritance, micro-theory
(axioms/rules and inferences...)
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A Tool for Exploring Semantic Nets!

NavigOWL : ﬁprotégé Plug-in

> L . .y
> Native support of Multi-Layered, Multi-Clustered, Power-Law UoT Researchers developing iCity Ontology in Protege

based improved force-directed graph drawing layout

(Ontology Editor) and can natively visualize current

ontology through NavigOWL plug-in
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PROPOSED METHODOLOGY (2/2)

WebVOWL: Web-based Visualization of Ontologies

°‘.‘ aaan Friend of a Frend (FOAF)
S | ¢ 2 vocabulary
> Open-Source tool for interactive (G L
VL
visualization of Ontologies, with
native implementation of Force- S
Directed graph layout S
> '1-‘- -
-/ . -
» UoT Researchers using WebVOWL P —_—
tool for visualizing the initial iCity i) A/
\'\-__/‘ ' w— - J
Ontology Models, by leveraging the !/'—\l ol /e
T | o | |/
native force-directed graph layout ~ ST
(res) 92 (-
— & /
| CE— ~ L O Gty
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@ taffic Jam Senstiviy

PRELIMINARY RESULTS - NavigOWL (1/2)
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@ slanRoadélemm - yed_at
@ timetable

® contains
. ® form_of Way
- FALlh
@ special Restrictio® Srection Tt *Fow
2 maxmum_Height Allowed

@ movedRoadElement @ maximum Width Allowed

@ atlunction @ number of Lanes

' @ road_Surface
@ opening_ Period

@ maxmum_Length Alowed
@ maximum Total Weight Allowed

| . hitps Jiwdd. org/icty/OTN/OTNOntologyProperty

® divder [:3 frst Route Sechon ® vl
' subPropertyOf
® accidet ¢ house_Number_Range @ vaiidity_Period
® st S @ emergency Vehicke Lane

top_Po
@ endRoadEtom.nle"ds-a @ biocked Passage ™® construction_Status

Access @ average Vehicle Speed  NUPUWww.pms.ifi.uni-mu
Gltoptost o 9.Fdge enchen.de/O TN#emergency_V

@ maximum Number of Lanes ehicle_Lane
@ minimum_ Number of Lanes

subPropertyOf: OTNOntologyProps

® ® " @ mauveum Speed Abowed
x route_Numbes ©® type_of Putiic_Tansportaion Point

@ currency
® nas_Ememency Vehicle Lane
@ posta Code ® paved
P @ number_of Rooms ® Oiner ® rouse Number Structere

@ contmeros o mmm_ow_am-
tme_ duralon

@ degme @ vy Type @ biocked Passage Type B

o publc Accessible |
@ sat Time @ eoxternal ldortifier @ frst House Number

@ sotheType ® vawi Tme

® oo Gaden

@ Snack Served @ tuiding_Class_Name

@ accdent Date
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@ owuer Width S e 3 @ umot_Side @ wne_Dependant_ Validity
@ rcad Suface_Condiion - - " .\.'_"_“WOtOQOV'OYN'OYN%WOIIPIW'N
@ volic Jam_Pobabiy il 4} T e,
@ dwoed & ( ® omcial Napre
F— 7. AP A e @ jurcton Type @ iccation_Referonce_Code
. Breadast . wermed &% _marding les . interned@te Mouse Numbers
@ accuerz id
L] atemate_Name
@ rousetomber " @ blocked Pagsage Location
@ vohcle Yypc. - @ park And_Rude . R fme
@ parving Facihises_Avadable @ ongm
® ones @ consrucson_stage @ ust_Mouse Number

P
® See Partind @ noght of Pass
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& pubic_Tramport Mode
@ Busness_Lumch ® torry Type
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@ starting Dale
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@ sand_Area_Type @ oxternal Link

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

ICity Organzaton
Ontology
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In-Depth Visual Analysis of iCity Organization Ontology
24 T
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FINAL THOUGHTS

VISUAL INTERFACE
Initial Visual Interface for exploration and interaction of iCity ontology for better understanding the

dynamism and complexity by leveraging NavigOWL graph Layout

i

WEB INTERFACE

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

a)
%\?

Ee = ENRICHMENTS
I Expressive representation of micro-theory, axioms/roles with support of Visual Filters and Adaptive View to

M display “Significant” sub-graph(s)

QUERY INTERFACE

s

°°

u'lQ Visualization of Query Results on iCity Ontology with embedded view in other iCity Dashboards for reusability
— and extendibility
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