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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,

government

al and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/

IEC Directives

ISO and IEQ
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constitute a

draw attention to the possibility that the implementation of this document-mayj
htent(s). ISO and IEC take no position concerning the evidence, validity or applica
ent rights in respect thereof. As of the date of publication of this document,|ISO and
ice of (a) patent(s) which may be required to implement this document; However, in
bd that this may not represent the latest information, which may bé gbtained fron
railable at www.iso.org/patents and https://patents.iec.ch. IS@ and IEC shall
for identifying any or all such patent rights.

ame used in this document is information given for the ‘convenience of users a
h endorsement.
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For an expldnation of the voluntary nature of standards, the meaning of ISO specific terms and|expressions
related to ¢onformity assessment, as well as information{about ISO's adherence to the World Trade
Organizatioh (WTO) principles in the Technical Barriers to.Trade (TBT) see www.iso.org/iso/forpword.html.
In the IEC, spe www.iec.ch/understanding-standards.

This documgnt was prepared by Joint Technical Commiittee ISO/IEC JTC 1, Information technolody.

Alist of all garts in the ISO/IEC 5087 series canbe found on the ISO and IEC websites.

Any feedback or questions on this document should be directed to the user’s national standards
body. A domplete listing of these; bodies can be found at www.iso.org/members.html and
www.iec.chfnational-committees.
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Introduction

The intended audience for this document includes municipal information systems departments, municipal
software designers and developers, and organizations that design and develop software for municipalities.

Cities today face a challenge of how to integrate data from multiple, unrelated sources where the semantics
of the data are imprecise, ambiguous and overlapping. This is especially true in a world where more and
more data of interest are being openly published by various organizations. A morass of data is increasingly
becoming available to support city planning and operations activities. In order to be used effectively, it is
necessary for the data to be unambiguously understood so that it can be correctly combined, avoiding data
silos. Early successes in data “mash-ups” relied upon an independence assumption, where unrelated data
sources were linked based solely on geospatlal locatlon ora unlque identifier for a person or organlzatlon

More sophi
entail a sig
clear thatin
underlying §

A common d
city tasks, a
representat
understand
requiremen
integration:

To motivate]
and social 3
transportat
be smarter
accomplishg
commonly u
and recreat
they work, t

a Household,

Supporting
domain and|

1f1cant1y greater effort to transform data into somethlng useable It has become
egrating separate datasets for this sort of analysis requires an attention to the'sein,
ittributes and their values.

ata model enables city software applications to share information, plan, éoordinate
hd support decision making within and across city services, by providing-a precise, u
on of information and knowledge commonly shared across city services. This req
ng of the terms used in defining the data, as well as how they’relate to one a
[ goes beyond syntactic integration (e.g. common data types.and protocols), it requil
a consistent, shared understanding of the meaning of information.

ervices that have traditionally operated as silos. If; during the process of becom
on, social services, utilities, etc. were to develop their own data models, the 1
silos. To create truly smart cities, data need.to ‘be shared across these silos. This

g semantics
ncreasingly
antics of the

and execute
hambiguous
hires a clear
nother. This
es semantic

the need for a standard city data model, consider theevolution of cities. Cities deliver physical

ng smarter,
esult would
can only be

d through the use of a common data model. For'example, “Household” is a category o
sed by city services. Members of Households are the source of transportation, housi
on demand. This category represents who occupies a home, their age, their occupa
heir abilities, etc. Though each city sekvice can potentially gather and/or use differe
much of the data needs to be shared.

this interoperability among city’datasets is particularly challenging due to the div
the heterogeneity of its data sources. The purpose of this document is to support

and unambiguous specification of ¢ity'data using the technology of ontologiesll[2] as implem

Semantic W

enable
interpre¢

remove
mobile

bb.[2] By doing so it will;

the computer representation of precise definitions, thereby reducing the a
tation;

the independence assumption, thereby allowing the world of Big Data, open-sour
pps, etc,,to be applied for more sophisticated analysis;

achieve

semantic interoperability, namely the ability to access, understand, merge and use d

data thatis
g, education
fions, where
1t aspects of

ersity of the
the precise
ented in the

mbiguity of

e software,

hta available

from dataséts spread across the Semantic Web;

enable the publishing of city data using Semantic Web and ontology standards; and

enable the automated detection of city data inconsistency, and the root causes of variations.

With a clear semantics for the terminology, it is possible to perform consistency analysis, and thereby
validate the correct use of the document.

Figure 1 identifies the three levels of the ISO/IEC 5087 series. The lowest level, defined in ISO/IEC 5087-1,
provides the classes, properties and logical computational definitions for representing the concepts that are
foundational to representing any data. The middle level, defined in ISO/IEC 5087-2 (this document), provides
the classes, properties and logical, computational definitions for representing urban-specific concepts
common to all city services but not specific to any service. The top level provides the classes, properties and
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logical, computational definitions for representing service specific concepts that are used by other services
across the city. For example, ISO/IEC TS 5087-3:—1 is intended to define the transportation concepts. In the
future, additional parts will be added to the ISO/IEC 5087 series covering services such as education, water,
sanitation, energy, etc.

Service-level ontologies Service domain concepts
| | | |
Mid-level ontologies City concepts
| | | |
Foundational ontologies Foundational, common concepts

Figure 1 — Stratification of city data model

Figure 2 depicts example concepts for the three levels.

| |
Services-leve, | Transportation Trip Public Véhiele Parking |
| network transport :
' |
R ¢ i -
| |
! - . . . I
City-leve : Sensor Building Land Use. Household City service Indicator Bylaw :
| |
| |
| . |
| Contact Person Organization City resident City Contract Infrastructure Transportatlon |
| inffastructure | |
| |
SRR UIPIGY ISR
| *.
| . .
| Units of Résource Activity Recurring Agent Agreement !
| measure event :
Foundatio : |
common-leve| | 0 izati :
| Location( Time Change Mereology rganization City Units Provenance |
| structure |
|
_________________________________________________________________________ J

Figure 2 — Example concepts for each level

There are other existing standards that overlap conceptually with some of the terms presented in this
document. The relationship between this document and existing standards that address similar or related
concepts is identified in Annex A.

1) Under preparation. Stage at the time of publication: ISO/IEC AWI TS 5087-3:2024.
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Information technology — City data model —

Part 2:

City level concepts

1 Scope

This docum

ent defines an ontology for city-level concepts defined using terms specified inISO

City-level concepts are used to represent data that is shared across multiple services andstakeh

city. City-ley
stakeholder

el concepts are distinguished by their data being read and updated by multiple city
5.

2 Normative references

The followiq
requiremen
the latest ed

SEMANTIC
TR/vocab-s

ISO/IEC 508

3 Terms
For the pury
ISO and IEC
ISO Onl

IEC Eled

3.1
cardinalityj
number of e

[SOURCE: IS

g documents are referred to in the text in such a way that saome or all of their conten
s of this document. For dated references, only the editionteited applies. For undated
ition of the referenced document (including any amendments) applies.

SENSOR NETWORK ONTOLOGY, W3C Recommengdation 19 October 2017, https://wj

IEC 5087-1.
blders in the
bervices and

constitutes
| references,

ww.w3.org/

n/

7-1, Information technology — City data model{>— Part 1: Foundation level concepts

and definitions
oses of this document, the following terms and definitions apply.

maintain terminology databases for use in standardization at the following address

ne browsing platform: available at https://www.iso.org/obp

tropedia: available¥at https://www.electropedia.org/

ements/ina set

0/TS 21526:2019, 3.11]

3.2

description logic

DL

family of formal knowledge representation languages that are more expressive than propositional logic but

less express
[SOURCE: IS
3.3

ive than first-order logic

O/IEC 21972:2020, 3.2]

manchester syntax

compact, hu

man readable syntax for expressing Description Logic descriptions

[SOURCE: https://www.w3.org/TR/owl2-manchester-syntax/ (Copyright © 2012. World Wide Web

Consortium.

https://www.w3.org/Consortium/Legal/2023/doc-license).]
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value of the measurement (via the numerical_value property) which is linked to both Quantity and Unit_

of measure
[SOURCE: IS

3.5
namespace

O/IEC 21972:2020, 3.4]

collection of names, identified by a URI reference, that are used in XML documents as element names and
attribute names

Note 1 to entry: Names may also be identified by an IRI reference.

[SOURCE: ISO/IEC 21972:2020, 3.5, modified — Note 1 to entry has been added.]

3.6

ontology

formal representation of phenomena of a universe of discourse with an underlying+06cabula
definitions fand axioms that make the intended meaning explicit and describe) phenomen|
interrelatiofpships

[SOURCE: 1S0 19101-1:2014, 4.1.26]

3.7

ontology wgb language

ontology larjguage for the Semantic Web with formally defined meahing

Note 1 to ent
Web docume

[SOURCE: IS
been replac

3.8
quantity
property of
as a number

Note 1 to ent
EXAMPLE 1
EXAMPLE 2

[SOURCE: IS
two EXAMP

39

hts.

O/IEC 21972:2020, 3.7, modified — The preferred term "OWL 2 Web Ontology La
bd by the preferred term "ontology webJlanguage".]

a phenomenon, body, or substdnce, where the property has a magnitude that can b
and a reference

'y: Quantities can appear as’base quantities or derived quantities.
Length, mass, electric current (ISQ base quantities).
Plane angle, force, power (derived quantities).

0/1EC Guide-99:2007, 1.1, modified — NOTEs 1 to 6 have been removed; new Note 1
[.Es have been added.]

ry including
a and their

ry: OWL 2 ontologies provide classes, properties, indiyiduals and data values and are storegl as Semantic

hguage" has

e expressed

fo entry and

Semantic Weh

W3C’s vision of the Web of linked data

Note 1 to entry: Semantic Web technologies enable people to create data stores on the Web, build vocabularies, and
write rules for handling data.

[SOURCE: https://www.w3.org/standards/semanticweb/ (Copyright © 2015. World Wide Web Consortium.

https://www.w3.org/Consortium/Legal /2023 /doc-license).]

3.10

unit_of_measure
definite magnitude of a quantity, defined and adopted by convention and/or by law

[SOURCE: IS

O/IEC 21972:2020, 3.9]

© ISO/IEC 2024 - All rights reserved
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4 Abbreviated terms and namespace prefixes

AAFC Agriculture and Agri-Foods Canada

CGRM Canadian Government Reference Mode

CLUMP |Canada Land Use Monitoring Program

DL description logic
IPCC International Panel on Climate Change
IRI international resource identifier

LBCS Land Based Classification Standards

OWL ontology web language

RDF ESUUTTE descriptiom framework -
RDFS resource description framework schema r\q/\)&
UML Unified Modelling Language ,\‘(D)

3 V.
The following namespace prefixes are used in this document: Q/)\,
— activity|

— city: htt

— cityresident: https:ZZStandards.iso.orgﬁso—iecé{@ﬂ—lZed-l[enZOntologg[CityResidentz
— cityunits: http_s:ZZStandards.iso.orgﬁso—iec%@ﬁ—lZed—lZenZOHtologﬂCityUnitsz

N
— code: hiftps: zzgtandards.iso.orgZiso-iecé 7/-2/ed-1/en/ontology/Code/

— contact] https://standards.iso.org/ise-iec/5087/-2/ed-1/en/ontology/Contact

— contract: https:[{standards.iso: g/iso-iec/5087/-2/ed-1/en/ontology/Contract/

— genprop: https://standandsiso.org/iso-iec/5087/-1/ed-1/en/ontology/GenericProperties
— geo: http:

— i72: http:

— infras:

— org: http://www.w3c.org/ns/org#

— org_s: https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/OrganizationStructure/

— org_city: https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/Organization

— owl: https://www.w3.0rg/2002/07/owl#

— partwhole: https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/Mereolo
— person: https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/Person

— rdf: https://www.w3.0rg/1999/02/22-rdf-syntax-ns#

© ISO/IEC 2024 - All rights reserved
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rdfs: https://www.w3.org/2000/01 /rdf-schema#

recurringevent: https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/RecurringEvent/

resource: https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/Resource/

loc: https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/Spatiall.oc/

service:

transinfras:

https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/CityService/

https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/Transport

ationInfrastructure/

time: ht

tps:// www.w3.org/2006/time#

xsd: htt

s://www.w3.org/2001/XMLSchema#

The formali

zation of the classes in this document is specified using the following tableforma

L, which is a

simplificatign of description logic (DL) where the first column identifies the class namie, the seqond column
its propertigs and the third column each property’s range restriction It shall be réad as: The [<Class> is a
subClassOf [the conjunction of the associated <property>s with their <valuexs,“Range restfrictions are
specified uging the Manchester syntax. For example, Table 1 specifies that Agent is an rdfs:sulpClassOf the
intersection of (Person or Organization) and org:memberOf only Organization.
Table 1 — Example formalization of the Agent class

Class Property Value Restriction
Agent rdfs:subClassOf Persomn-0t org_s:Organization

org_s:memberOf onlyxOrganization

individual {joe, frank}
CamelCase |s used for specifying classes, propertjes-and instances. For example, “legalNam¢” instead of
“legal_namg”. The first letter of a class name is capitalized. The first letter of a property and ingtance name

are not capitalized. An instance of a class shallzsatisfy the class’s definition. The instance’s prgperties and

values shall

The formali
that allows

satisfy the value restrictions of the class it is an instance of.

zation of the properties in“this document is done similarly, using the following {
for the identification ,of properties and their sub-properties, inverse properti

able format
bs, or other

characteristics. It is to be read as:, The <property> is <characteristic> of <value>, or simply the|<property>
is <charactgristic> if no value_S\applicable. For example, in Table 2 hasPrivilege is a sub-property of the
agentlnvolvedIn property. Chagacteristics are specified using the Manchester syntax.

Table 2 — Example property formalization
Property Characteristic Value (if applicable)
hasPrivilege rdfs:subPropertyOf agentlnvolvedin

Irreflexive

In the case of DL definitions of classes where the simplified table representation is insufficient, the DL
specification will be supplied as an addition to the content in the table.

The patterns defined in this document have also been implemented in OWL and made available online. The
location of these encodings is identified in Annex C.

5 Unique identifiers

All classes, properties and instances of classes have a unique identifier that conforms to Linked Data/
Semantic Web standards. The unique identifier is an IRI. When using ISO/IEC 5087-2 (this document) in an

© ISO/IEC 2024 - All rights reserved
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application, a class is identified by the IRI for the pattern of which it is a member, followed by the class name.
In the Agent example in Clause 4, the Agent class’s unique identifier would be:

https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/Agent/Agent

Breaking the IRl down:

— “5087” identifies the series number

— “-2”identifies the part number

— “ed-1” indicates that the class is defined in edition 1 of the document

— “en” indicates that the class is defined in a pattern implemented in English

— The first “Agent”_identifies the Agent Pattern

— The secpnd “Agent” identifies the Agent class within the Agent Pattern

The IRI can pe shortened using the prefix’s defined in Clause 4:
agent:Agent

where agent: is the prefix for the Agent Pattern.

Properties pre identified in the same manner. The IRI's of individuadls created by an agplication of
ISO/IEC 5087-2 would have IRIs unique to the application.

6 City-level ontologies

6.1 General

Much as the foundational concepts defined in ISO/IEC 5087-1 are common across arbitrafy domains,
concepts algo exist that are generic across all ¢ities. These concepts define the domain upon which city
services op¢rate. They are common for all cities but not specific to any one service. The city| data model
defines sixteen city-level ontologies, or patterns, to capture these concepts. These are descfibed in the
following sybclauses. The content of these“ontologies defines terms needed to capture these cpncepts at a
generic level. They are not intended.td-be exhaustive, nor to capture the variety of classificatfion systems
and taxonotnies that are potentially of interest for different user groups. The common terms defined here
provide the foundational, commen language that may be extended by different users as requiredl.

The patternf presented here'shall conform to the foundational concepts defined in ISO/IEC 5047-1. Specific
references to foundational content defined in ISO/IEC 5087-1 are identified in text descriptions of pattern
imports, as Wwell as through the explicit identification of terms from ISO/IEC 5087-1.

The cardinglity restrictions specified in the pattern formalizations are weakened intentiondlly in many
cases to support the pragmatic implementation of the ISO/IEC 5087 series. For example, while common
sense dictafles‘that all persons should have at exactly one legal name, in practice there are many possible
applications of city data where persons may be represented with no name at all. Users of this document are
encouraged to extend and strengthen these restrictions where possible or warranted by the application.

6.2 Code pattern

6.2.1 General

The Code pattern provides a structure to address the challenge of value enumeration with a general
approach. In city data there are many classes of things that are intended to be instantiated using a set list
of values (e.g. classification systems). However, these values can change based on application or context.
In such cases it is not desirable for a standard to prescribe a restricted set of possible values which will
potentially not satisfy the needs of all applications. On the other hand, leaving the values completely open-
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ended provides no utility for interoperability. The Code Pattern provides an intermediate solution for this
challenge by introducing a generic set of classes and properties that can be used to extend such classes to
define various classification systems in an integrated way.

Instead of enumerating value sets for classes in this document, values can be defined with an associated
Code that specifies additional metadata about the value and its origins. This allows these classes to be
extended with various value-systems as required by a particular application, while providing the necessary
information to support interpretation and integration as needed.

6.2.2 Key classes and properties

The key classes and properties are formalized in Table 3 and Table 4, respectively. A code is introduced to
capture the possible value of an object, according to a predefined system of values. It has the following key
properties:

— definedBy: identifies the Organization that defined the code.

— specifi¢ation: specifies a URI where the definition of the code can be found.
— hasldentifier: identifies a unique identifier for the code.

— genprop:hasName: specifies a name or title for the code.

— genprop:hasDescription: specifies a description of the code.
6.2.3 Formalization

Table 3 — Key classes in the'Code pattern

Class Property Value restriction

Code definedBy max 1 org_s:Organization
specification only xsd:string
genprop:hasldentifier max 1 xsd:string
genprop:hasName only xsd:string
genprop:hasDescription only xsd:string

Table'4'— Key properties in the Code pattern

Property Characteristic Value (if applicable)

hasCode rdfs:range Code

6.3 Infrastructurepattern

6.3.1 Ge11eral

The Infrastructure pattern defines the concepts needed to capture various types of city infrastructure, such
as buildings and roads. The Infrastructure pattern reuses the Spatial Location pattern (from ISO/IEC 5087-1)
in order to capture the location of these Infrastructure Elements.

It is extended by the Building pattern, and the Transportation Infrastructure pattern. It can be extended
with other types of infrastructure as required.

6.3.2 Key classes and properties

The key classes are formalized in Table 5. An Infrastructure Element is a generic representation of a city
structure of interest. All Infrastructure Elements may have a defined, where locations are spatial geometries
as defined in ISO/IEC 5087-1. The Mereology pattern (from ISO/IEC 5087-1) is also reused in order to support
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the possible representation of infrastructure parts (e.g. road segments) and their associated wholes (e.g. the
entire road). The following are its properties:

— loc:hasLocation: specifies the location of the element as a loc:Location.

— partwhole:hasProperPart: specifies any sub-parts of the element.

— genprop:hasldentifier: specifies identifiers for the element provided by the city.

— genprop:hasName: specifies names of the element.

— genprop:hasDescription: specifies descriptions of the element.

— contact:hasAddress: specifies the address of the element as a contact:Address.

— i72:has
betwee
price. S
possible
assesse

Value: identifies the value of a Building as a cityunits:MonetaryValue. Distinction$

ay be made

n different types of value, such as the government-assessed value of a building.or the purchase
ibproperties of hasValue may be introduced to distinguish these types as reguired. Suggested

extensions include: hasCost (purchase price), hasGovernmentAssessedValue

overnment

 value for tax purposes), hasCollateralValue (value assessed inrelation tgaloan), haslpsuredValue

(value determined by insurance policy).
6.3.3 Formalization
Table 5 — Key classes in the Infrastructute pattern
Class Property Valuge restriction

InfrastructufeElement

loc:hasLocation

only loc:Location

partwhole:hasProperPart

only InfrastructureElement

genprop:hasldentifier

only xsd:string

genprop:hasName

only xsd:string

genprop:hasDescription

only xsd:string

contact:hasAddress

only contact:Address

i72:hasValue

only i72:MonetaryValue

6.4 Trans

sportation Infrastructure pattern

6.4.1 Genleral

The Transp
transportat
Tunnel. The
types of (sul

rtation Infrastructure pattern defines the concepts that are relevant in describing
on infrastpucture and their characteristics. This includes the concepts of a Road

the physical
Bridge and

Infrastructure pattern is reused here, as these transportation structures are all defined as
pclasses) Infrastructure Elements.

6.4.2 Key

classes and properties

The key classes are formalized in Table 6. They include the common structural elements that comprise the

physical (land) transportation infrastructure: Roads, Rail Lines, Bridges and Tunnels.

A Travelled Way is a type of Infrastructure Element that enables travel. It is defined with the following

property:

— aggregationOf: identifies a Travelled Way Link that is aggregated to form the Travelled Way.
aggregationOf is distinct from parthood in that a Travelled Way Link does not depend on the Travelled
Way in order to exist.
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A Travelled Way Link represents a (continuous) length of a Travelled Way. The start and end of a Travelled
Way is typically identified according to operational or managerial significance. It has the following property:

— aggregateOf: identifies a Travelled Way that aggregates the Travelled Way Link.

Travelled Way Links can be decomposed into Travelled Way Segments. Travelled Way Segments are
typically defined based on some physical characteristics of the infrastructure (e.g. lane additions/removals,
intersections). A Travelled Way Segment has the following property:

— partwhole:properPartOf: identifies the Travelled Way Link that it is part of.

A Road is a type of Travelled Way. It describes a part of the physical transportation infrastructure that has
been improved to allow travel by motor vehicles, persons, bicycles, and similar methods of conveyance. It is

identified as a Road as such by a given governing body. It is defined with the following property:

— aggrethionOf: identifies the Road Link that a Road may be decomposed into in ordento™y

lengths
A Road Link

— aggregateOf: identifies the Road that aggregates the Road Link.

A Road Segn
property:

— partwh

networi
the mo
motoriz
The net

A Rail Line
has been fit
between Ra
the followi

lengths

A Rail Link
property:

aggre;ftionOf: identifies the Railliink that a Rail may be decomposed into in order to 1

at a finer granularity.

is atype of Travelled Way Link that is represents a length of a Road. It hasthefollowi

hent is a type of Travelled Way Segment that represents a part ofa\Road Link. It has t

ole:properPartOf: identifies the Road Link that the Road-Segment is a part of.

kType: identifies the RoadNetworkType of the Road’'Segment. The Road Network Ty
les of travel permitted or otherwise supported<on*a particular Road Segment (g
ed vehicles). Its values may be defined more pretisely with the use of the code:hasCo
work types for Road Links and Roads may be defined based on the Road Segments t

s a type of Travelled Way. It describes apart of the physical transportation infrast
fed with tracks to allow travel by trains-and other sorts of rail vehicles. No distinc
1 Line types at this level. A Rail Line’is identified as such by a governing body. It is (

property:

at a finer granularity.

property:

— partwh

aggre,rgr]l
A Rail Segment is a type of Travelled Way Segment that represents part of a Rail Link. It has t

teOf: identifies-the Rail Line that the Rail Link is an aggregate of.

ole:properPartOf: identifies the Rail Link that the Rail Segment is a part of.

epresent its

g property:

he following

pe identifies
.g. bicycles,
de property.
hey contain.

ructure that

Fion is made
lefined with

epresent its

is a type of Travelled Way Link that represents a length of a Rail Line. It has the following

ne following

A Bridge is a type of Infrastructure Element. It describes a part of the physical transportation infrastructure
that enables travel over a given area. It may contain some Road Segments or Rail Line Segments. A Bridge is
identified as such by a governing body. It is defined with the following properties:

— partwhole:hasProperPart: identifies the Bridge Segments that a Bridge may be decomposed into to
represent its lengths at a finer granularity.

— supports: identifies Travelled Way Segments that are supported by (i.e. travel over) the Bridge, if any.

A Bridge Segment is another type of Infrastructure Element. It is part of a Bridge and is defined with the
following property:

— supports: identifies Travelled Way Segments that are supported by (i.e. travel over) the Bridge

Segment, if any.
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A Tunnel is a type of Infrastructure Element. It describes a part of the physical transportation infrastructure
that enables travel underneath a given area. It may contain Road or Rail Line segments. A Tunnel is identified
as such by a governing body. It is defined with the following properties:

— partwhole:hasProperPart: identifies the Tunnel Segments that a Tunnel may be decomposed into to
represent its lengths at a finer granularity.

— supports: identifies Travelled Way Segments that are supported by (i.e. travel through) the Tunnel, if any.

A Tunnel Segment is another type of Infrastructure Element, it is part of a Tunnel and is defined with the
following property:

— supports: identifies Travelled Way Segments that are supported by (i.e. travel over) the Tunnel
Segment, if any.

6.4.3 Formalization
Table 6 — Key classes in the Transportation Infrastructure pattern
Class Property Value restriction
TravelledWaly rdfs:subClassOf infras:InfrastructuréElement
aggregationOf only TravelledWaylsink
TravelledWalyLink rdfs:subClassOf infras:InfrastructureElement
aggregateOf only TravelledWay
TravelledWaySegment |rdfs:subClassOf infras:InfrastructureElement
partwhole:properPartOf some TravelledWayLink
Road rdfs:subClassOf TravelledWay
aggregationOf only RoadLink
RoadLink rdfs:subClassOf TravelledWayLink
aggregateOf only Road
RoadSegmerjt rdfs:subClassOf TravelledWaySegment
partwhole:properPartOf some RoadLink
networkType only RoadNetworkType
RoadNetworkType hasCode code:Code
RailLine rdfs:subClassOf TravelledWay
aggregationOf only RailLink
RailLink rdfsisubClassOf TravelledWayLink
aggregateOf only RailLine
RailSegment rdfs:subClassOf TravelledWaySegment
partwhole:properPartOf some RailLink
Bridge rdfs:subclassOf InfrastructureElement
partwhole:hasProperPart only BridgeSegment
supports only TravelledWaySegment
BridgeSegment rdfs:subClassOf InfrastructureElement
supports only TravelledWaySegment
Tunnel rdfs:subClassOf InfrastructureElement
partwhole:hasProperPart TunnelSegment
supports only TravelledWaySegment
TunnelSegment rdfs:subClassOf InfrastructureElement
supports only TravelledWaySegment
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6.5 Building pattern

6.5.1 General

The Building pattern defines the concepts to capture information about individual buildings, thus describing
land use from a different perspective and at a finer level of granularity than typical land use classifications.
The Infrastructure pattern is reused here, as Buildings and Building Units are defined as types of (subclasses)
Infrastructure Elements. The Building pattern also reuses the Spatial Location pattern in order to capture
the location of a building. Other attributes of a building are also captured, such as the type of building, units
contained in a building, their monetary value, etc. The Mereology pattern from ISO/IEC 5087-1 is referenced
to capture the disaggregate parts of a building, and the City Units pattern from ISO/IEC 5087-1 is referenced
to capture the quantities and units of attributes required for land value considerations, such as sale prices
and area.

6.5.2 Key

The key clag
with a roof 4

buildinigFacility: identifies a Facility(s), e.g. kitchen, bath, or air conditioning that is cont

Buildin

hasBui

numBulildingUnits: identifies the total number of Building Unit(s) in a Building as a (n

integer
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The flod
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floorArn
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numFIg
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classes and properties

ses and properties are formalized in Table 7 and Table 8, respectively. A Bujlding is
ind walls. It is defined as a type of Infrastructure Element and has the following key

P
3

dingUnit: identifies the Building Unit(s), if any, that are confained by the Building.

value.

dingFootprintArea: identifies the footprint ©cetipied by the Building as a cif
.

dingFloorArea: identifies the floor area occupied by the Building as a cityunits:Aj
r area accounts for the area of each floor.pf the building. However, floor area excludes
ch as basements.

eaRatio: identifies the building’s floor area ratio as a cityunits:Ratiolndicator quant
the gross floor area (the value‘of hasBuildingFloorArea) to its “buildable area” (i.e. 1

dingHeight: identifies the'Building’s height as a cityunits:Length quantity.

ors: identifies the niimber of floors in a Building as a (non-negative) integer value. Thi
ount of all floorsdnythe building (including those below ground).

numA

integer palue.

windoyToWallRatio: identifies the percentage area of a Building’s exterior envelope thaf
of glazing (i‘e/ glass installed in fixed openings such as windows and doors). The value is sj
cityunifs:Ratiolndicator quantity.

veGroundFloors: identifies the number of above ground floors in a Building a (n

a structure
properties:

hined in the

bn-negative)

yunits:Area

ea quantity.
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ity. Thisisa
Dt size).
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bn-negative)
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pecified as a

builtAccordingToConstructionCode: identifies the name of any construction code(s) applicable during
the construction of the Building. Construction codes refer to a set of rules or instructions that specify the
standards for constructed objects such as buildings and nonbuilding structures. Buildings are required
to conform to the code throughout the construction of the building.

use: identifies the use of the Building as a BuildingUse object(s), typically associated with a particular
classification system.

hasCon

structionStatus: identifies the Construction Status of a Building.

yearOfConstruction: identifies the year that construction on the Building was completed as a time:
DateTimeDescription object.
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authority where the Building is located.

propertyRegistrationID: identifies the unique identifier of the real estate in the property register of

Construction Status identifies the construction status of a building more precisely. For example, distinctions
can be made between new construction and renovation, but also on-site vs. off-site (prefabrication)
construction. This class is intended to be extended based on existing classification systems. Its values may
be defined more precisely with the use of the code:hasCode property.

Building Use identifies the use of a building, e.g. based on occupancy (business, treatment, residential). This
class is intended to be extended according to one or more existing classification systems. Its values may be

defined mor

e precisely with the use of the code:hasCode property.

A BulldmgUmt refers to a part of a Bulldlng that is phy51cally separate (i.e. has 1ts own entrance). It should

have its own

with the fol
unitinH

loc:has
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6.5.3 Formalization
Table 7 — Key classes in the Building pattern
Class Property Value restriction
Building rdfs:subClassOf infras:InfrastructureElement
buildingFacility only Facility
hasBuildingUnit only BuildingUnit
hasBuildingFootprintArea only cityunits:Area
hasBuildingFloorArea only cityunits:Area
hasBuildingHeight only cityunits:Length
MUMFI00TS Max I Xsd:nonNegativelnteger
use only BuildingUse
hasConstructionStatus max 1 ConstructionStatus
yearOfConstruction max 1 time:DateTimeDescription and tijne:day
exactly 0 rdfs:Literal and®ime:month exactly 0 rdfs:
Literal and time:year exactly 1 rdfs:Litefal
numBuildingUnits max 1 xsd:nonNegativelnteger
propertyRegistrationID max 1 rdfs:Literal
floorAreaRatio max 1i72:Ratiolndicator and (i72:hasD¢nominator
only i72:Area) and (i72:hasNumerator only i72:
Area)
numAboveGroundFloors max. L xsd:nonNegativelnteger
windowToWallRatio fax'1i72:Ratiolndicator and (i72:denominator only
i72:Area) and (i72:numerator only i72: Area)
builtAccordingToConstructionCode only xsd:string
ConstructionStatus code:hasCode only code:Code
Facility loc:hasLocation max 1 loc:Location
BuildingUnif rdfs:subClassOf infras:InfrastructureElement
unitInBuilding max 1 Building
loc:hasLocation Only loc:Location
contact:hasAddress max 1 contact:Address
hasRent only cityunits:MonetaryValue
hasUnitSize only cityunits:Area
numberOfRooms max 1 xsd:nonNegativelnteger
AumberOfBedrooms max 1 xsd:nonNegativelnteger
floorToCeilingHeight only cityunits:Length
buildingFacility only Facility
BuildingUse code:hasCode only code:Code

Table 8 — Key properties in the Building pattern

Property Characteristic |Value (if applicable)
hasBuildingFacility subPropertyOf |partwhole:hasComponent
hasBuildingUnit inverseOf unitlnBuilding
subPropertyOf |partwhole:hasComponent
unitInBuilding inverseOf hasBuildingUnit
subPropertyOf |partwhole:componentOf
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6.6 Land Use pattern

6.6.1 General

The Land Use pattern provides the necessary concepts to describe a particular classification(s) applied
to some area of land. It introduces the generic concept of a LandUseClassification which may be extended
to capture specific classification systems as required. Annex B illustrates possible extensions with
classifications from Land-Based Classification Standards (LBCS), Canada Land Use Monitoring Plan
(CLUMP), and Agriculture and Agri-Food Canada (AAFC). Such extensions could be used to define multiple
such systems such that relationships between classifications in different systems can be inferred. The Land
Use Pattern imports the Spatial Location Pattern (defined in ISO/IEC 5087-1); in particular, Land Areas are
defined as a type of Location, which may be described as a geometry. They may also be related to other Land
Areas (or arbitrary Locations) by the spatial relations such as containment, contact, overlaps, etc.

6.6.2 Key|classes and properties

The key clagses are formalized in Table 9. A Land Area is a way of defining some area inan urbgn system. It
has the follgwing key properties:

— loc:hasLocation: identifies the geospatial representation of a Land Area’s location.

— landUse: identifies a Land Use Classification that is identified for the Lanhd Area.

— hasArep: identifies the size of a Land Area as cityunits:Area quaritity.

— hasPopjulation: identifies the population of a Land Area as an72:Population quantity.

Land Use Classifications provide a means of describing the\land use in a standard way. THe Land Use
Classificatign class is intended to serve as the root class.that may be extended with various dassification
systems as 1jlequired for a particular application. Its values)may be defined more precisely with the use of the
code:hasCode property.

6.6.3 Formalization

Table 9 — Key'classes in the Land Use pattern

Class Rroperty Value restriction
LandArea foc:hasLocation loc:Location
landUse min 1 LandUseClassification
hasArea only cityunits:Area
hasPopulation only cityunits:Population
LandUseClagsification code:hasCode only code:Code

6.7 Persgnpattern

6.7.1 General

Persons are a key category in city models. They are the focus of many city services, and it is the combination
of decisions of persons in the population that result in changed characteristics of the city, such as road
congestion. For example, a person's decision to change places of employment will likely impact their daily
travel behaviour. The Person pattern enables the representation of persons and their attributes of interest.
Factors such as a person's age, income and place of residence are defined as properties of a person.
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6.7.2 Key classes and properties

The key classes and properties are formalized in Table 10 and Table 11, respectively. The core class is Person,
which is defined as a type (subclass) of agent:Agent and has the following properties:

hasPersonlD: identifies any instances of a Person’s Personld. Examples include a driver’s licence or
passport.

name: i

dentifies the instance of PersonName legally associated with a Person.

alias: identifies any additional instances of PersonName associated with a Person. A Person may have
one legal name, but multiple alias names.

contact:hasAddress: identifies any instances of a contact:Address associated with the Person.

contact:hasPhoneNumber: identifies any instances of PhoneNumbers associated withthe

hasEmail: specifies zero or more email addresses as xsd:string values.

birthd4
birthpl
deathd
deathp
citizen(
(time:Py
differen

letter cq

parent

(includipg either the legal or biological relation)."This property may be specialized and re

examplg
spouse
childre

sex: ide|
fromth
Sex is ty
values 1

gender

person’s sex at birth, or it may be the same. Precisely how Gender is defined and instant

based u
defined

te: identifies the time:Instant when the Person was born.

nce: identifies the contact:Address where the Person was born.
hte: identifies the time:Instant when the Person died.

ace: identifies the contact:Address where the Person died:

Df: specifies one or more Citizenships, each specifyingthe country (Country) and t

t time intervals. It is recommended that a Countrybe defined with using ISO 3166-2
untry code, however different systems may bé.accommodated with the Code patter

identifies any parents of the Person. Noterthat we define the parent relationina g

e hasBiologicalMother: exactly 1 Person.
identifies any spouses of the Person.
n: identifies any children of‘the Person.

htifies a Person’s sex. A Rerson is associated with at most one sex. The definition of s
ht of a person’s gender, As distinguished by Statistics Canadal2] “Sex refers to sex assig
pically assigned pased on a person's reproductive system and other physical charact
hay be defined imore precisely with the use of the code:hasCode property.

dentity: identifies a Person’s associated Gender identity. The value of this may d

pon context and so may be defined by the user of this standard as appropriate. Its va
moreprecisely with the use of the code:hasCode property.

Person.

me interval

operInterval) the Person is a citizen. A Person can-bé a citizen of more than one country and for

(4] alpha-2 2
n.

bneral sense
stricted, for

bx 1s distinct
ned at birth.
eristics.” Its

iffer from a
iated varies
lues may be

income: specifies the Person’s annual income.

hasSKill: identifies the Skills the Person has.

hasEducation: identifies the Education the Person has.

Skill and Education classes are not defined and are left to the application to define. Their values may be
defined more precisely with the use of the code:hasCode property.

PersonName represents the parts of a person’s name. It has the following properties:

— givenName: identifies a string that is the given or first name of the Person.

— additionalName: identifies a string that is the middle or additional names of the Person.
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familyName: identifies as single string that is the family or last name of the Person.

PersonID represent a unique identifier for the Person. It has the following properties:

genprop:hasldentifier: identifies a string that encodes the unique identifier of the Person.

hasIDType: specifies the type of identifier, its values may be defined more precisely with the use of the
code:hasCode property.

photolD: specifies whether the identifier contains a photo as a Boolean value.

validityPeriod: a subproperty of time:hasTime, this identifies the time interval during which the
identifier is valid.

issuedByidentifiesthe-agentAgentthatissuedthe B—m——————————————————————

6.7.3 Formalization
Table 10 — Key classes in the Person pattern
Class Property Value restriction
Pefson rdfs:subClassOf agent:Agent
hasPersonID only Personld
name max 1 PersenName
alias only PersonName
contact:hasAddress only«ontact:Address
contact:hasTelephone only contact:PhoneNumber
email only xsd:string
birthDate max 1 time:Instant
birthplace max 1 contact:Address
deathDate max 1 time:Instant
deathplace max 1 contact:Address
citizenOf only Citizenship
parent only Person
spouse only Person
children only Person
sex max 1 Sex
hasGenderldentity only Gender
income only cityunits:MonetaryValue
hasSkill only Skill
hasEducation only Education
givenName only xsd:string
PersonName additionalName only xsd:string
familyName max 1 xsd:string
PersonID genprop:hasldentifier exactly 1 xsd:string
hasIDType only IDType
photolD max 1 xsd:boolean
validityPeriod max 1 time:Interval
issuedBy max 1 agent:Agent
Citizenship forCountry max 1 addresss:Country
validityPeriod max 1 time:Properinterval
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Table 10 (continued)

Class Property Value restriction

Sex code:hasCode only code:Code

Gender code:hasCode only code:Code

IDType code:hasCode only code:Code

Skill code:hasCode only code:Code

Education code:hasCode only code:Code

Table 11 — Key properties in the Person pattern

Property Characteristic Value (if applicable)
validityPeriqd subPropertyOf time:hasTime
6.8 City Resident pattern

6.8.1 Genleral

NOTE R¢
in 6.7. Combi
the categorie
this documer

As different
the core prg
the concept
unique aspe
domicile in
"Reside" has

6.8.2 Key

The key clag

sident has been defined in a separate pattern because it is a specialization of the Person cat
hing the two concepts into a single category would not be incorrectfrom a logical perspect
5 are separated to define a core Person pattern, independent of anyspecializations, to facilif]
t.

cities have different definitions of who is that city’s ReSident, the City Resident patt

of owning property or owning or operating a business in the city. For Beijing, nat
ct. Central to all the definitions is the concept of residing, variously referred to 4
which the resident spends significant amoutits of time; they can own it, rent it, or jy
both a temporal and spatial dimension,

classes and properties

ses are formalized in Table 12.(The CityResident class is a subclass of Person. The

the CityResi

disting

owns: |
organiz

operatse

All specializ

hasResjdence: specifies oneormoreindividuals of Residence, where each individual specifie

ished by city, address and/or time interval. A resident can have more than one resig

pecifies an EntityOwnership where entities owned include include buildings, la
htions.

boory defined
ive. However,
ate the use of

brn contains

perties required by each. For example, the city of Tofonto’s definition of a city resident includes

ionality is a
s a home or
st stay in it.

roperties of

ent class are used to construct the definition of a resident for a particular city, which may then
be defined gs a subclass in an extension-to this document. These properties are:

5 aresidence
lence.

nd areas, or

bs: specifies an EntityOperation where the entity is an Organization that the reside

where they ke

operates.

t identifies
o constrain

their use in the context of spec1allzat10ns of Re51dent For example, 1f an optlonal property is used in the
definition of Toronto Resident, then its range is restricted to what is specified in Resident.

In the following definition of CityResident, the properties identified fall into two types: properties that are
required in all specializations of Resident, e.g. Toronto Resident, Beijing Resident, and properties that are
optional, but if used by a specialization of Resident, have their ranges restricted. A major part of determining
whether a person is a resident of a city is the specification of where and when they have resided. The
hasResidence property is required and links a CityResident to a Residence. The cardinality of the property is
greater than one as over time a person may reside in more than one place/address, in the same city and/or

different cit

— forCity:

ies. The Residence class identifies the following key properties:

identifies the city (City) of the residence.
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time:hasTime specifies the time interval during which the residence was held.

more precisely with the use of the code:hasCode property.

contact:hasAddress: identifies the address of the residence, if any.

hasHomeType: identifies the type of home, such house, apartment, or shelter. Its values may be defined

hasResidentialRelationship: specifies whether the residence is held by ownership, rental, or other

arrangement. Its values may be defined more precisely with the use of the code:hasCode property.

The temporal intervals of individuals of Residences can used to determine a total or partial ordering of a
person’s residencies, as a person may reside in more than one place at the same time.

The ControlledEntity and Citizenship classes are necessary to capture the time interval during which an

entity is ow

following k¢

entity:

The Control
to indicate
specialized

entity:

percen

The Entity(
following pr

time:hd
(i.e. dur

€0 Or Operated, or the Person 13 a citiZem of a COumry. T he ComtroiledEntity ctass 1
y properties:

dentifies a thing that is controlled.

ing which the person controls it).

edEntity class is further specialized with the EntityOwnership-and EntityOperatio
he entity control more precisely. EntityOwnership indicates an instance of owne
with the following properties:

dentifies a land area, organization, or building that is oiwned.
fOwnership: identifies the percent of the entity thiat'is owned.

peration class indicates an instance of entity:;control via operation. It is speciali
operty:

sTime: identifies the time interval during which controlled relationship is held f¢

lentifies the

r the entity

n subclasses
rship and is

ed with the

— entity: jndicates an Organization that is contrdlled. In some implementations it can be possgible to infer
entity operation on the basis of a person’s role'within an organization, but this is not formallized here.
6.8.3 Formalization
Table 12~—~Key classes in the City Resident pattern
Class Property Value restriction
CityResident rdfs:subClassOf person:Person
hasResidence only Residence
residentOf only city:Jurisdictional Ar¢a
owns only EntityOwnership
operates only EntityOperation
Residence forCity max 1 city:City
time:hasTime max 1 time:Properinterval
hasHomeType max 1 HomeType
contact:hasAddress max 1 contact:Address
hasResidentialRelationship max 1 ResidentialRelationship
ControlledEntity time:hasTime max 1 time:Properinterval
entity some owl:Thing
EntityOwnership rdfs:subClassOf ControlledEntity
entity max 1 (landuse:LandArea or org:
Organization or building:Building)
percentOwnership max 1 xsd:decimal
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Table 12 (continued)

Class Property Value restriction
EntityOperation rdfs:subClassOf ControlledEntity

entity max 1 org:Organization
HomeType code:hasCode only code:Code
HousingTenure code:hasCode only code:Code

6.9 Household pattern

6.9.1 General

A household is an important concept in many areas of the city. Households are distinct,

closely rela
of a Family,
pattern). Re
behaviour
is a key pr

6.9.2 Key

The key clag
place of res
more precis
through ext

shared
collectiy

oCIerty of a household.

househloldOccupies: identifies the cityresident:Residence that it occupies, i.e. the resid

org_s:hasMember: identifies a person:Persor,who is a member of the Household.

fed to families and residences. This document does not provide an explicif [re
though one could be inferred from the properties of some Persons (as defined ir
kidence is described in the City Resident pattern, and household is describéd in this
a household can be represented by the collective activities of its members. Thus,

classes and properties

ses are formalized in Table 13. A Household refers to a collection of persons occupy;
dence. Households may be (but are not necessarily) comprised of family member
e definitions of Household may be adopted as required for different contexts and
bnsions to this class. A Household has the followingKey properties:

by its members. A Household is defined by this residence, such that if the members
bely), the new residence constitutes a newHousehold.

though often
resentation

the Person
pattern. The
membership

ing a shared
s. Different,
npplications

fence that is

move (even

— time:hgsTime: specifies the time intervalthe Household exists in its current configuration|
6.9.3 Formalization
Table 13 — Key classes in the Household pattern
Class Property Value restriction
Household householdOccupies max 1 cityresident:Residence
org_s:hasMember only person:Person
time:hasTime only time:Properinterval
6.10 City (rganization pattern

6.10.1 General

An organization is defined broadly as a formal or semi-formal group for which structure and behaviour are

defined.

Organizations such as schools and businesses are particularly important for cities as they determine regular
travel patterns and other activities for much of the population. The Organization Pattern is drawn from the
TOVE model of an Organization, originally presented in Reference [6]. It is an extension of the Organization
Structure pattern defined in ISO/IEC 5087-1 which introduces city-specific concepts related to Organizations
such as Students and Employees.
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classes and properties

The key classes and properties are formalized in Table 14 and Table 15, respectively. An Organization is a
company or other sort of formal or informal group of individuals in the urban system with some identified
structure and behaviour. It is an extension of the org_s:Organization class defined in ISO/IEC 5087-1 to
include properties relevant for city services. It includes the following key properties:

orgAddress: a specialization to contact:hasAddress that is also defined according to the org_s:Site

address specified in the Organization Structure Pattern defined in ISO/IEC 5087-1. Specifies the contact:
Address associated with the Organization.

operati

contact:hasTelephone: identifies the contact:PhoneNumber for the Organization.

ngHours: identifies the OperatingHours of the Organization.

respons

loc:has
than th
organiz

An Organiz:
Profit Orgary

hasIndj
conduct
of this d

hasEst3

A Governme
— hasPro
— jurisdig
A Non-Profi

hasPro

ARoleisas
extends the

— hasGoal: specifies a Goal defined for the Role. Any agent in the Role will have this as a Goal

hasPro

hasRes

hasGoJl: identifies the Goal(s) of the Organization. This allows for the representation of vat

ibilities and intents.

.ocation: identifies the loc:associatedLocation(s) of the Organizations This is m

htion is associated with occupying (e.g. office spaces or other facilities).

ition may be further classified as a For-Profit Organization, Gevernment Organizat
ization. A For-Profit Organization has the following additional key properties:

ed. There are different classifications of Industry Types,the inclusion of each is outsi
ocument. Its values may be defined more preciselywith the use of the code:hasCods¢

iblishment: specifies a Business Establishment Where the organization conducts bu
nt Organization has the following additional*key properties:

pram: specifies a service:Program defined for the organization.

tion: specifies the Jurisdictional Area that the organization is responsible for.
[ Organization has the following additional key properties:

gram: specifies a servige:Program defined for the organization.

pecialization of org_s:Role as defined in the Organization Structure Pattern in [SO/I
class with the following properties:

cess: specifies an activity:Activity that is performed as part of the Role.

purce! specifies a resource:Resource that is (expected to be) allocated for the Role.

jous groups'

ore general

e contact address, and allows for the representation of any number of§patial locations that the

ion, or Non-

istryType: specifies an Industry Type assigned to the organization based on the kindl of business

de the scope
 property.

siness.

C 5087-1. It

A Goal desc

ribes a desired state for an Organization, Organization Agent, ol Role. It 15 defined

activity:State.

as a kind of

A Business Establishment is a physical location where a For-Profit Organization conducts business. It has the
following properties:

— loc:hasLocation: specifies the loc:Location of the establishment.

contact:hasAddress: specifies the contact:Address of the establishment.

An Organization Agent is a member of an organization. It has the following properties:

— org_s:memberOf: specifies the Organization that the Organization Agent is a member of.
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inherited by the agent’s Role, or defined directly for the Agent.

hasEmployment: specifies the details of an agent’s Employment, if applicable.

playsRole: specifies a Role that the Organization Agent is assigned in the context of the Organization.

hasGoal: specifies the Goal of the Organization Agent in the context of the Organization. Goals may be

An Employment is a type of organizational membership where the agent receives monetary compensation
for their membership in an Organization. It has the following properties:

employedAs: identifies the occupation that the agent is employed as. An Occupation describes the type

of work performed by some employee. Different classifications of occupations may be defined, such as:
General Office/Clerical; Manufacturing/Construction/Trades; Professional/Management/Technical;
Retail Sales and Service. Enumeration of this categorization is outside of the scope of this document in

an extesion as required for a given application. Its values may be defined more precisely with the use of

the cod¢:hasCode property.

be cate
at-homs
as requ
hasCod

Compensati
as either a V|

— hasPay,

Wage is a t)
following pr

— hourlyPay: identifies the cityunits:MonetaryValue of compensation to be paid per hour.

— overtimePay: identifies an additional rate of pay as cityunits:MonetaryValue to be paid pe

case of

Salary is a
following pr

annual

Operation S
of operatior
recurring ey

hasCompensation: identifies the monetary compensation received by the agent.
employledBy: identifies the Organization that the agent is employed by.

hasEmploymentStatus: identifies the Employment Status of the employee. An employmen

rorized as one of: full-time regular, part-time regular, full-time-work-at-home, parf
. Enumeration of this categorization is outside of the scope.of this document in 3
red for a given application. Its values may be defined more-precisely with the use
P property.

bn is a generalization of monetary compensation (r€eeived for employment). It is fur
Vage or a Salary and has the following property:

identifies the cityunits:MonetaryValue of thé\€ompensation.

operties:

pvertime compensation.

ype of compensation that is defined on an annual basis. It specializes Compensat
operty:

Pay: identifies the cityunits:MonetaryValue of compensation to be paid for a year.

pecifies the-time during which an organization regularly conducts business (i
). It uses-the Recurring Event pattern (defined in ISO/IEC 5087-1) to define its op
rent(Operation specializes a Recurring event with the following properties:

[ status may
-time-work-
n extension
of the code:

ther defined

'pe of compensation that is defined onan hourly basis. It specializes Compensation with the

" hour in the

on with the

e. its hours
eration as a

recurri

— hasOpeningTime: specifies the opening time for this instance of Operation.

— hasClosingTime: specifies the closing time for this instance of Operation.
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Table 14 — Key classes in the City Organization pattern

Class Property Value restriction
Organization rdfs:subClassOf org_s:Organization

orgAddress only contact:Address

contact:hasTelephone only contact:PhoneNumber

operatingHours only Operation

hasGoal only Goal

loc:hasLocation only loc:Location
ForProfitOrganization Tdis:subClassout Organization N

hasIndustryType only IndustryType {.\q/v‘

hasEstablishment only BusinessEstablishmggfv)
Governmentrganization rdfs:subClassOf Organization A NV

hasProgram only service:Progr?(qg)\

jurisdiction only city:]urisdj,ct&ﬁ}l\alArea
NonProfitOrganization rdfs:subClassOf Organizationg\}

hasProgram only serv(tg\?;ogram
Role rdfs:subClassOf org_;:@lv

hasGoal opl@oal

hasProcess (ﬁﬁly activity:Activity

hasResource \Qvonly resource:Resource
Goal rdfs:subClassOf k\}\‘\ activity:State
BusinessEstablishment loc:hasLocation %) max 1 loc:Location

contact:hasAddressk\\}‘ only contact:Address
OrganizationAgent rdfs:subClassOf :\Qﬂ‘ agent:Agent

org_s:memb‘e}:QTy only Organization

playsRole_\l‘,\'V only Role

hasGPa:Qu‘ only Goal

hgsEﬁl‘ﬁloyment only Employment
Employment &%ployedAs some Occupation

C)C asCompensation some Compensation
@’ employedBy some Organization
Q‘ hasEmploymentStatus only EmploymentStatus

Compensatign ,.%V hasPay max 1 cityunits:MonetaryValue
Wage \Q/U rdfs:subClassOf Compensation

hourtyPay Tax T cityumnits-Mometary Vatue

overtimePay only cityunits:MonetaryValue
Salary rdfs:subClassOf Compensation

annualPay max 1 cityunits:MonetaryValue
Operation rdfs:subClassOf recurringevent:RecurringEvent

recurringevent:hasDayof Week

max 1 {friday, monday, saturday, sunday, thurs-
day, tuesday, wednesday}

hasOpeningTime

max 1 xsd:time

max 1 xsd:time

hasClosingTime
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Table 14 (continued)
Class Property Value restriction
IndustryType code:hasCode only code:Code

EmploymentStatus

code:hasCode

only code:Code

Occupdation code:hasCode only code:Code

Table 15 — Key properties in the City Organization pattern
Property Characteristic Value (if applicable)
org_s:hasSite o org_s: rdfs:subPropertyOf orgAddress
siteAddress
hourlyPay rdis:subPropertyOf hasPay
overtimePay rdfs:subPropertyOf hasPay
hasAnnualPay rdfs:subPropertyOf hasPay
hasOpeningTime rdfs:subPropertyOf recurringevent:startTime
hasClosingTime rdfs:subPropertyOf recurringevent:endTime

6.11 City pattern

6.11.1 Genleral

The City patitern combines information captured in several patterns) specifically: the land areas|occupied by
cities, goverjnment organizations and administrative areas, and\associated bylaws.

6.11.2 Key|classes and properties

The key clagses are formalized in Table 16. More generdl than a City is the concept of a JurisdictjonalArea. A
JurisdictionplArea is an abstract entity that is characterized not only by its location, but by the|objects that
occupy it (pgrsons, buildings, etc.), the governing body(s) it is subject to, and the activities that ¢ccur within
it. It has thgq power to implement administrative or policy decisions (made and enacted on its behalf by its
governing bpdy). A Jurisdictional Area has:the following properties:

— genprop:hasName: The name assighed to the Jurisdictional Area.
— hasLanjdArea: identifies the spatial area occupied by the JurisdictionalArea.

— residentPopulation: number of residents of the area. Note in many cases that this nunjber may be
distinct{from the population associated with the Land Area that an Administrative Area ofcupies. The
resident population‘is’determined based on the definition of a resident which is often times more specific
than anjoccupant6f an area.

— hasGovlernment: identifies the GovernmentOrganization that manages the Jurisdictional Afea.

— hasByl

— administrativeArea: identifies administrative areas within the JurisdictionalArea. They do not have to
be distinct and can be hierarchical.

— administrativeAreaOf: identifies an administrative area that the JurisdictionalArea is part of (e.g. a
ward is part of a city).

A City is a specialization of a Jurisdictional Area that is formally identified as such. It has the following
additional property:

— legalName: identifies the legal name of the City.
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A CityAdministrativeArea is specialization of a Jurisdictional Area that has been identified for use by a City
to reflect its unique areas such as districts, wards, neighbourhoods, or prefectures. It is specialized with the
following property:

— administrativeAreaOf: identifies a Jurisdictional Areas that this administrative area is part of. A City
Administrative Area is identified as an administrative area of a City.

6.11.3 Formalization

Table 16 — Key classes in the City pattern

Class Property Value restriction
Jurisdictional Area genprop:hasName max 1 xsd:string
landuse:hasLandArea only landuse:LandArea
residentPopulation max 1i72:Population
hasGovernment only org:GovernmentOtganizatipn
hasBylaw only bylaw:Bylaw,
administrativeArea only JurisdictignalArea
administrativeAreaOf only JurisdictionalArea
City rdfs:subClassOf JurisdictienalArea
legalName max 1 xsd:string
CityAdminisfrativeArea rdfs:subClassOf JtrisdictionalArea
administrativeAreaOf some City

6.12 City Yervice pattern

6.12.1 Genleral

NOTE In| some contexts (namely, computing) theinclusion of an Application category can also be expected, given
that concept|of an application is closely related.to-that of a service. However, the technology-oriente¢l concepts of
Application and Service have not been identified as appropriate for this document. The concept of servife defined by
the City Serv|ce Pattern is more generic, as.described below.

Cities provide a variety of services t0 residents and businesses, including health and social serviges. The City
Service pattiern is based on the Canadian Government Reference Model (CGRM).[Z! It identifies the following
concepts as f basis for understanding the services that governments provide:

— Programs: these are major city initiatives that address the needs of their constituents (citizgns, clients).
They arp a mandatestorachieve outcomes by delivering services. For example, ending homelgssness.

— Service$: these deliver outputs to clients that contribute to program outcomes. For example, providing
shelterd for the homeless.

— Processes:these are activities that deliver services. For example, homeless person regidtration, bed
allocation, etc.

— Resources: these are used in carrying out processes. For example, shelter space, beds and personnel.

6.12.2 Key classes and properties

The key classes are formalized in Table 17. A Program defines a set of services that focus on a shared set of
outcomes. For example, a “poverty reduction program” can be made up of a set of services such as mobiles
services that provide food and clothing to those that live on the street, and a training service that provides
basic skills for those living on the street. A program has a set of stakeholders that can contribute or benefit.
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A program is defined as a type of activity: it is a high-level activity, made up of all of the more granular
activities (e.g. services) involved in it. A program has the following properties:

— genprop:hasName: identifies the name of the program. All programs require a name.

— genprop:hasDescription: identifies a description of the program.

— hasService: identifies the services that make up the program.

— hasOutcome: identifies the outcomes that the program is trying to achieve.

— hasContributingStakeholder: identifies the stakeholders that contribute to the program.

— hasBeneficialStakeholder: identifies the stakeholders that benefit from the program.

— haslInput: identifies the inputs to the program.
— hasOutput: identifies the outputs of the program.

A program [is composed of one or more services. In turn, each services may be/comprised|of different
activities, inputs, outputs and outcomes. The following are the service properties;

— activity:hasSubActivity: identifies more specific activities that compris€ the service.
— hasInput: identifies the inputs to the service.

— hasOutput: identifies the outputs of the service.

— hasOuttome: identifies the outcomes that are specific to the service.

— hasConftributingStakeholder: identifies the stakeholders that contribute to the service.
— hasBenleficialStakeholder: identifies the stakeholders that benefit from the service.

Outcomes afe what stakeholders experience as a résult of a program or service. Outcomes captjure positive
and negative, intended and unintended results. OQtitcome contains the following properties:

— hasIndijcator: identifies an i72:Indicater to measure to the outcome.

— genprop:hasDescription: identifiesa general description of the outcome as a string.

— hasBenjeficialStakeholder: identifies the stakeholder affected.

— fromPdrspectiveOf: identifies the stakeholder who is determining the importance of the ithpact.

— hasImportance: spegifies how important the impact is (e.g. high, medium, low). Its values thay be more
precisely defined aising the code:hasCode property.

— intend¢dImpact: identifies the intended direction of the change (e.g. positive, negative). It§ values may

both. It has the followig ropries:
— genprop:hasName: identifies a title for the stakeholder as a string.

— genprop:hasDescription: identifies a general description of the stakeholder as a string.
— hasCatchmentArea: identifies the regional span of the stakeholders as a loc:Location

— hasCatchmentAreaType: identifies the type of regional span of the stakeholders (e.g. local, provincial).
[ts values may be defined more precisely with the use of the code:hasCode property.

— performs: identifies activities performed by the stakeholder.
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Input is a type of resource:TerminalResourceState and defines the resources and the stakeholders that
contribute them that are input to an activity:

— hasContributingStakeholder: the stakeholders that contribute the resources as input.

— i72:for_time_interval: specifies the time interval over which the input is used.

— genprop:hasName: name for the input.

— genprop:hasDescription: description for the input.

Output is a type of resource:TerminalResourceState that provides a quantitative summary of an activity. For
example, if the activity is "we provide training" the output could be "we trained 50 people to NVQ level 3". Or
a production output could produce 100 meals for the homeless. Basic elements of these outputs are “what”

has been produced and the quantity:

— usedByIndicator: identifies the indicators that use this output in determining the valueof t

— genprop:hasName: identifies a name for the output.

— genprop:hasDescription: identifies a description for the output

In addition,|the City Services pattern introduces the hasProgram property.to support the re

Program by|classes in other patterns.

6.12.2.1 Fgrmalization

Table 17 — Key classes in the City-Services pattern

he Indicator.

ference to a

Class Property Value restriction
Program rdfs:subClassOf activity:Activity
genprop:hasName max 1 xsd:string
genprop:hasDescription only xsd:string
hasService only Service
hasOutcome only Outcome
hasContributingStakeholder only Stakeholder
hasBeneficialStakeholder only Stakeholder
hasInput only Input
hasOutpyit only Output
Service rdfs:subClassOf activity:Activity
genprop:hasName max 1 xsd:string
genprop:hasDescription max 1 xsd:string
hasInput only Input
hasOutput only Output
hasOutcome only Outcome
hasContributingStakeholder only Stakeholder
hasBeneficialStakeholder only Stakeholder
Outcome hasIndicator only i72:Indicator
genprop:hasDescription only 1 xsd:string
hasBeneficialStakeholder max 1 Stakeholder
fromPerspectiveOf max 1 Stakeholder
hasImportance max 1 Importance
intendedImpact max 1 ImpactDirection
ImpactDirection code:hasCode only code:Code
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Table 17 (continued)

Class Property Value restriction

Importance code:hasCode only code:Code

Stakeholder rdfs:subClassOf (org:Organization or person:Person)
genprop:hasName max 1 xsd:string
genprop:hasDescription only xsd:string
hasCatchmentArea only loc:Location
hasCatchmentAreaType only CatchmentAreaType
performs some activity:Activity

CatchmentAreaType code:hasCode only Code

Input rdfs:subClassOf resource:TerminalResourceState
hasContributingStakeholder only Stakeholder
i72:for_time_interval only time:DateTimelnterval
genprop:hasName max 1 xsd:string
genprop:hasDescription max 1 xsd:string

Output rdfs:subClassOf resource:TerminalResourceState

usedBylIndicator

only i72:Indicator

genprop:hasName

max 1 &sdistring

genprop:hasDescription

max.Jxsd:string

6.13 Contract pattern

6.13.1 Genleral

A contract i a legal document that specifies an agreement(s) between two or more parties. Th
Contract paftern is not to formalize the semantics of'all possible involved legal concepts, but rat}

to represenfation of the general structure and contents of a particular contract. A Contract is
type of docyment and is distinct from the agreement it specifies.

6.13.2 Key|classes and properties

The key clasjses and properties are.formalized in Table 18 and Table 19, respectively. A Contract ig

with the additional following praperties:

— specifi¢sAgreement: identifies the agreement(s) that are specified by some Contract.

— hasParty: identifies'the person(s) and/or organization(s) that are involved in the Contract.

— hasCo

ractualElement: identifies the decomposition of a Contract into more precise part

e aim of the
er to enable
defined as a

adocument

[%2]

— hasSigl:Latory: identifies the person(s) responsible for signing the Contract.

— isValidFor: identifies the interval in time over which the Contract is valid for, if applicable.

— isExecutedOn: identifies the interval or instant in time at which the terms in the Contract are executed,

if applicable.

A ContractualElement represents a part of a contract. Therefore, it can only exist in the context of a given

Contract.

— hasContractText: identifies the excerpt of text from the Contract that corresponds to the
ContractualElement.
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— ConditionPrecedent: a part of the Contract that identifies conditions that is required to be met in order
for the contract to take effect.

— ContractualCommitment: a part of the Contract that identifies some Agreement between the parties. It
has the following property:

— specifiesAgreement: indicates an Agreement specified by this part of the Contract.

— ContractualDefinition: a part of the Contract that defines key terms that are referred to in the Contract.

— NonBindingTerm: a part of the Contract that is not legally binding.

— Represpentatien—apart-of-the-Contract-that-speeifies-seme-assertions-that-are-takente-be true at the
time of the contract and serve to influence a party’s decision to enter into the Contract.
— Warranty: a part of the Contract that promises some indemnification ifan assertion made in the Contract
is false.
A general hgsContract property is also defined to associate other objects (e.g. serviees, employiment) with a
Contract object.
6.13.3 Formalization
Table 18 — Key classes in the Contract pattern
Class Property Value restriction
Contract specifiesAgreement some agreement:Agreement
hasParty min 2 (person:Person or org:0Organizjtion)
hasSignatory min 2 person:Person
hasContractualElement some ContractualElement
isValidFor only time:Interval
isExecutedOn only time:TemporalEntity
Contractualklement inverse (hasContractualEle- some Contract
ment)
hasContractText some xsd:string
ConditionPre¢cedent rdfs:subClassOf ContractualElement
Contractualommitment rdfs:subClassOf ContractualElement
specifiesAgreement some agreement:Agreement
Contractuallefinition rdfs:subClassOf ContractualElement
NonBindingTerm rdfs:subClassOf ContractualElement
Representatjon rdfs:subClassOf ContractualElement
Warranty rdfs:subClassOf ContractnalElement
Table 19 — Key properties of the Contract pattern
Property Characteristic Value (if applicable)
hasContract Range Contract
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6.14 Bylaw pattern

6.14.1 General

Municipal bylaws are types of laws that are distinguished by their origin (passed by a municipal government),
jurisdiction (apply to the municipality, or some area within the municipality), and authority (municipal laws
are often limited by higher levels of government in terms of what they can regulate and how).

The intent of the Bylaw pattern is to capture the major components of a municipal bylaw, such as dates,
geographic areas of application, penalties, etc. It is not intended to provide a legal semantics with which to
codify a particular bylaw. The following three types of bylaws are represented in the Bylaw pattern:

a) Main bylaws;

b) Amendi'ng bylaws, which reflect material changes, in principle or substance, to an existingt

¢) Revisio
6.14.2 Use
— A comm

hazardd
bylaw e
provide

A home
are any
bylaw a

law am¢ngst the myriad of information found.

6.14.3 Key

The key clas
is a specifig
connection

genpro

W bylaws, which reflect limited changes to an existing bylaw.

cases

us materials. The various search mechanisms are able to precisely find the inform
kplicitly specifies the resources or activities or both that are the focus of the bylaw, as
S the appropriate tagging of the information.

pbwner in the city wishes to remove a tree for theirproperty. They wish to know w
restrictions regarding tree removal. They use theiy'favourite search engine to find
5 the bylaw was tagged using the pattern, making'it easy for the search engine to find

classes and properties

type. Its properties decompose a Law into conceptually relevant components t
vith other city concepts. The following are a Law’s properties:

p:name: identifies a short;name for the Bylaw, to be used in other descriptions to refe

legislationJurisdiction: identifies the jurisdiction that enacted the Law.
legislationldentifier:(specifies a unique identifier for the bylawLaw. The range is a xsd:strf
abstradt: specifies’a‘brief statement of the Law purpose. The range is a xsd:string.

keywords: jidentifies keywords used to categorize the Law for search purposes. The ran
more x9d:string.

ylaw; and

ercial organization operating within the city is considering storing ormanufacturinig hazardous
materialls. They wish to know what restrictions existing on the handling, storage and manu

facturing of
ation as the
the pattern

nether there
the relevant
the relevant

ses are formalized in Table 20. The“core concept of the Bylaw pattern is Law, of which a Bylaw

hat support

r to the Law.

ng.

be is zero of

Law. Th

Jurisdic

e range is restricted to Definition.

impacts: identifies what is impacted by the Law. Not restricted to any class type.

tionalArea.

datePublished: date the Law is officially published.

datelnEffect: date after which the Law is in effect.
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hasDefinition: words or phrases that are defined to have a specific meaning within the context of the

legislationDate: date which the Law is officially adopted/signed by the legislationJurisdiction city:
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A Bylaw is a|type of Law put in place by city. It adds and specializes with the following propertigs:

A MainBylayv is a subclass of Bylaw and has the following additional properties:

An AmendirigBylaw is a subclass of Bylaw and has the fellowing additional properties:

A RevisionBlylaw is a subclass of Bylaw andchas the following additional properties:
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expires: date on which the Law expires.
hasClause: clauses that make up the body of the Law. Restricted to Clause.
hasPenaltyClause: clauses that specify penalties for not adhering to the Law.

hasSeveranceClause: clauses that specify that the bylaw remains valid if any portion of the Law is
found to be invalid by a higher jurisdiction.

hasTransitionClause: clauses that cover the period during which entities affected by the Law can do
things to conform to the new conditions.

hasRepealClause: clauses that specify all previous Laws that deal with subjects that are addressed in
the new bylaw are required to be either repealed or amended.

hasSchedule: schedules that are attached to the Law and are referenced by the Law. A Sché¢dule is part
of the Bylaw.

«

legislationJurisdiction: identifies the city:City that enacted the Bylaw.
legislationType: type of bylaw chosen from bylawMain, bylawAmending.or bylawRevision,

impacts: who and/or what is impacted by the Bylaw. Restricted to Berson, Organization, LafdArea, city:
JurisdictionalArea, and/or Activities.

legislationType: value bylawMain

legislationChanges: the Bylaw that is being aménded.

legislationType: value bylawAmending.

legislationChanges: the Bylaw thabis being amended.

legislationType: value bylawRevVision.

A Definition| concept that speCifies the defined terms used in the Bylaw. It has the following properties:

A Clause is astatement of a Tule, provision, TequiTrene
schedules, penalties, etc. It has the following properties:

Bylaw, or its

genprop:hasldentifier: unique identifier/number for the clause. It is an xsd:string.
genprop:hasName: title or name of the clause, if any. It is an xsd:string.
genprop:hasDescription: the content of the clause.

clauseType: one of (severance or penalty or transition or repeal or schedule or bylaw).
hasClause: links to any subclauses of this clause.

partwhole:properPartOf: The part of the law or clause this clause is contained in.
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A Schedule is attached to the Bylaw and is part of the Bylaw. It has the following properties:

— genprop:hasldentifier: unique identifier/number for the schedule. It is an xsd:string.

— genprop:hasName: title or name of the schedule, if any. It is an xsd:string.

— genprop:hasDescription: an introductory description of the Schedule. It is an xsd:string.

— hasClause: links to all clauses contained in the Schedule.

— partwhole:properPartOf: the law this Schedule is part of.

6.14.4 Formalization

Table 20 — Key classes in the Bylaw pattern
Class Property Value restriction
Law genprop:hasName only xsd:string
legislation]urisdiction max 1 city:Jurigdictional Arep
legislationldentifier max 1 xsd:stying
abstract max Lxsd:string
keywords only xsd:string
legislationLegalForce only {InForce, NotInForce, Partiallyln-
Force}
hasDefinition only Definition
legislationDate max 1 xsd:DateTime
datePublished max 1 xsd:DateTime
datelnEffect max 1 xsd:DateTime
expires max 1 xsd:DateTime
hasClause only Clause
hasPenaltyClause only Clause
hasSeveranceClause only Clause
hasTransitionClause only Clause
hasRepealCGlause only Clause
hasS¢hedule only Schedule
Bylaw rdfsisubClassOf Law
legislationJurisdiction max 1 city:City
legislationType only {mainBylaw, amendingBylaw, revi-
sionBylaw}
impacts only (person:Person or org:(Qrganization
or landuse:LandArea or city:
JurisdictionalArea or activity:Activity)
MainBylaw rdfs:subClassOf Bylaw
legislationType value mainBylaw
AmendingBylaw rdfs:subClassOf Bylaw
legislationType value amendingBylaw
legislationChanges exactly 1 Bylaw
RevisionBylaw rdfs:subClassOf Bylaw
legislationType value revisionBylaw
legislationChanges exactly 1 Bylaw
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Table 20 (continued)

Class Property Value restriction

Definition genprop:hasName max 1 xsd:string
genprop:hasDescription max 1 xsd:string
partwhole:properPartOf exactly 1 Law

Clause genprop:hasldentifier max 1 xsd:string
genprop:hasName max 1 xsd:string
genprop:hasDescription max 1 xsd:string
clauseType some {severance,penalty,transition,

repeal, schedule, bylaw}

hasClatse onty-Clatse
partwhole:properPartOf exactly 1 (Law or Clause)

Schedule genprop:hasldentifier max 1 xsd:string
genprop:hasName max 1 xsd:string
genprop:hasDescription max 1 xsd:string
hasClause only Clausé
partwhole:properPartOf exactly haw

6.15 Contact pattern

6.15.1 Genleral

Contact infqg
an associate

email addre

Rather than
general con

6.15.2 Key
The key clg

accommoda
concepts fr
location.

The Addres]

defined

hasAdd

hasStre

rmation is relevant for a range of concepts in the city domain. For example, a build
d address. Similarly, a person or an organization can have a contact address (or ph
5s, etc.). A person’s contact address can differfrom their place of residence.

define these attributes separately for persons, organizations, etc., it makes sense to
epts associated with contact information in a separate pattern.

classes and properties

sses are formalized in-Table 21. Both Address and PhoneNumber classes are
ke international versions<In addition to drawing from the iContact ontology, the pa
pbm the Spatial Location pattern (defined in ISO/IEC 5087-1) to associate an add

Class has the\fellowing properties:

ressType; specifies the type of address, e.g. home, work. The values for Address]
moreprecisely with the use of the code:hasCode property.

etNamber: specifies the number on the street for the address.

ng can have
bne number,

capture the

designed to
ftern reuses
ress with a

ype may be

address in the case that it is defined a street number range.

address in the case that it is defined with a street number range.

may be

StreetD

hasStreet: specifies the name of the street for the address.

defined more precisely with the use of the code:hasCode property.

irection may be defined more precisely with the use of the code:hasCode property.
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hasStreetDirection: specifies the direction of the street for the address, e.g. east, west. The values for
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hasUnitNumber: specifies the unit or suite number of the address.

hasPostalBox: specifies the box number for the address.

hasBuilding: specifies the name of the building for the address.

hasCitySection: specifies the section of the city for the address.

hasCity: specifies the name of the city for the address.

hasProvince: specifies the state or province for the address. Its values may be defined more precisely
with the use of the code:hasCode property.

hasPostalCode: specifies the zip or postalcode for the address.

hasCountry: specifies the country for the address. The values of Country may be defined mg
with the use of the code:hasCode property. Use of the ISO 3166-2 alpha-2 2 letter~coul

recomnjended.

loc:hasL.ocation: specifies the geospatial representation of the location of the address.

re precisely
try code is

The PhoneNumber class has the following properties:
— hasCountryCode: specifies the country code for the number.
— hasArepCode: specifies the area code for the number.
— hasPhI:eNumber: specifies the remaining digits of the number after the area code.
— hasPhoneType: specifies the type of phone number, e.g-cell phone, home phone, etc. PhongType values
may be defined more precisely with the use of the code:hasCode property.
6.15.3 Formalization
Table 21 — Key. classes in the Contact pattern
Class Property Value restriction
Address hasAddressType only AddressType
hasStreetNumber max 1 xsd:string
minStreetNumber max 1 xsd:string
maxStreetNUumber max 1 xsd:string
hasStreet max 1 xsd:string
hasStreetType max 1 StreetType
hasStreetDirection max 1 StreetDirection
hasUnitNumber max 1 xsd:string
hasPostalBox max 1 xsd:string
buildingName max 1 xsd:string
hasCitySection max 1 xsd:string
hasCity max 1 city:City
hasProvince max 1 State
hasPostalCode max 1 xsd:string
hasCountry max 1Country
loc:hasLocation max 1 loc:Location
AddressType code:hasCode only code:Code
StreetDirection code:hasCode only code:Code
StreetType code:hasCode only code:Code
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Table 21 (continued)

Class Property Value restriction

State code:hasCode only code:Code

Country code:hasCode only code:Code

PhoneNumber hasCountryCode max 1 xsd:nonNegativelnteger
hasAreaCode max 1 xsd:nonNegativelnteger
hasPhoneNumber max 1 xsd:nonNegativelnteger
hasPhoneType max 1 PhoneType

PhoneType code:hasCode only code:Code

6.16 Sensgrspattern

6.16.1 Genleral

NOTE Sdnsors are included in the city-level of the ISO/IEC 5087 series (this document) due tq their broad

relevance acfoss city services. Actuators and other categories of knowledge specific~t@)control sys
currently ideptified as relevant for multiple services and so are not included in this document.

f[ems are not

The Sensorg pattern is included in this document due to the importance ©f data collection fof all manner
of city services. Data collection efforts take various form, whether through manual canvassing or the use

of sensors.

ith a growing access to the Internet of Things, data fromiavailable sensors will

continue to

expand, likely to include observations about persons, vehicles, and §o'on. It is important to not ¢nly capture

the collecte

data, but also the source of the observations.

The represeptation of sensors shall conform to the ontology specified in The W3C Recommendatjon “The SSN

(Semantic Sgnsor Network) Ontology”.[e] It is included in its.entirety with the prefix ‘ssn’. The W]
ontology for sensors and their observations, the SSN (Semantic Sensor Network) Ontology, ac

https://wwWw.w3.org/ns/ssn/ shall be used in the contéxt of this document.

B3C standard
ressed from
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Annex A
(informative)

Relationship to existing standards

A.1 CityGML

A.1.1 Scope

CityGMLI®! is an XML-based standard for representing 3-dimensional city models. Target appli
identified ipclude: “urban and landscape planning; architectural design; tourist and-leisur
3-dimensional cadastres; environmental simulations; mobile telecommunications; disaster nj
ecurity; vehicle and pedestrian navigation; training simulators and/nfobile roh

homeland §
intended to
not only geg
bodies). Dat

A.1.2 Rels

Although th
the themati
document.

capture the data necessary to generate 3-dimensional portrayals in appropriate too
metry but data regarding surface characteristics and objects of interest (e.g. buil
h mappings between related terms are identified and summarized in Table A.1.

evance

e purpose of CityGML is to support the capture and-éxchange of 3-dimensional

c extension modules of CityGML capture informatieh on city objects and so are relg

ration areas
e activities;
anagement;
otics.” It is
s, providing
lings, water

City models,
vant to this
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Table A.1 — Relationship between terms in this document and CityGML

ISO/IEC 5087-2 term

Corresponding CityGML term

Relationship

contact:Address

Address

In CityGML, an Address is associated with an XALAd-
dress, defined according to the eXtensible Address

Language (OASIS),[21 an XML vocabulary fo

r addresses.

Many of the properties identified for a contact:Address
have correspondences with xAL elements (though
there are no formal definitions, so precise mappings

are not possible). However, the xAL Addres

s element

itself defines an address as a free format in contrast

dress.

\A4 ltll thc l.ll UIJCI thD D}JCL;f;Cd fUl \.UlltaLt.A
CityGML also associates a MultiPoint geom
Address object via the multiPoint praperty
ly, contact:Address is also associatedto a g
through the loc:hasLocation property. How
not restricted to multipoint geometries.

etry with an
Similar-
cometry
ever, it is

building:Bui

ding

Building

The CityGML representatien’captures diffe
a building such as structural elements and
divisions, whereas building:Building’s focu
(as these are central'to representing occup
describe a numberof physical characterist

rent parts of
logical sub-
s is on units
ancy). Both
cs, such as

the number,of\floors (storeys). CityGML inffroduces a

property forya building’s function and usag
building:Building only identifies building:H
building:Building also identifies construct
information such as relevant contruction c
construction status. The intended meaning
terms is generally aligned though neither
cialization (or generalization) of the other.

e, whereas
uildingUse.
on-related
bdes and

of the

ne is a spe-

landuse:Lan

1Area

LandUse

LandUse objects are areas that (are identif
specific physical and biological uses/chara
ISO/IEC 5087-2 defines LandArea in a simi

The LandUse class distinguishes between ¢
functions (intended purposes) and uses (ag
of the land area, whereas landuse:LandAre
single property for land use that can captu
and function (depending on the classificati
used).

ed to) have
Cteristics.
ar way.

ssociated
tual uses)

a specifies a
Fe both use
bn system

landuse:Lan

Use

LandUseFunctionValue,
LandUseUsageValue

The land use classification of some area is

epresent-

ed with the LandUse class in ISO/IEC 5087
classification system may identify intende

2. A given
use, actual

use, or both. It is identified with code lists for LandUse-
FunctionValue and LandUseUsageValue in (ityGML.
The main distinction between these approfches is

that the I.andlUse class supports a more deflailed

representation with possible extensions to

define the

classification systems, and more detailed information
on the codes themselves using the Code Pattern. In con-
trast, the land uses and land functions in CityGML are
defined simply as code lists (enumerations of possible
values).
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Table A.1 (continued)

ISO/IEC 5087-2 term

transinfras:Bridge

Corresponding CityGML term |Relationship

Bridge Overall, the Bridge term in CityGML provides a more
detailed definition than that of transinfras:Bridge. It
specifies more specific properties (e.g. relating to the
bridge’s usage, construction materials) that are not
captured in ISO/IEC 5087-2. Despite this, transinfras:
Bridge identifies a relationship between a bridge and
a transinfras:TravelledWaySegment that it supports;

nothing comparable is captured in CityGML.

Both terms specify a decomposition - CityGML defines
BridgeParts, while transinfras:Bridge defines Bridge-
Segments.

transinfras:Tunnel Tunnel Overall, the Tunnel term in CityGML provides a more
detailed definition than that of transinfrasfTunnel. It
specifies more specific properties (elg-relating to the

tunnel’s usage, construction materials) thaft are not

captured in ISO/IEC 5087-2. Despite this, t
Tunnel identifies a relationship between a
a transinfras:TravelledWaySegment that it
nothing comparable isicaptured in CityGM

Both terms specifyta‘décomposition - City

ansinfras:
unnel and
supports;

s

ML defines

TunnelParts, whiletransinfras:Tunnel defihes Tun-
nelSegments.

transinfras:RailLine Railway In CityGML;\Railways are associated with Intersections
and subdivided into Sections. In ISO/IEC 5087-2, there
is no.§pecification of intersections, but the|decom-
positon is more detailed, distinguishing befween

transinfras:RailLinks and transinfras:Railfegments.
CityGML specifies detailed attributes suchfas rail
function and use that are not included in I§O/IEC 5087-
2. The terms are closely related but neithei one is a
specialization (or generalization) of the otljer.

transinfras:Road Road In CityGML, roads are associated with Intefsections
and subdivided into Sections. In ISO/IEC 5087-2, there
is no specification of intersections, but the|decom-
positon is more detailed, distinguishing befween

transinfras:RoadLinks and transinfras:RoddSegments.
CityGML specifies detailed attributes suchjas road
function and use that are not included in I§0/IEC 5087-
2. The terms are closely related but neithei one is a
specialization (or generalization) of the otHer.

A.2 INSPIRE

A.2.1 Scope

The INSPIRE directivelld is aimed at supporting the sharing of and access to spatial data throughout the
EU, particularly data that can have an impact on the environment. INSPIRE aims to create an infrastructure
to achieve this, part of which includes the specification of data models in the Unified Modelling Language
(UML). These specifications are defined according to 34 data themes, ranging from Addresses, to Geology, to
Human Health and Safety. Data mappings between related terms are identified and summarized in Table A.2.

A.2.2 Relevance

Out of the 34 data themes identified, the Cadastral Parcels,[11] Administrative Units,[12] Land Cover,[13]
Land Use,[14] and Buildings!12] specifications are of particular relevance to the ontologies defined in this
document.
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A.2.3 Data mappings

The data models are defined in UML. However, much of the intended semantics is captured in the
accompanying description rather than the model itself. The mappings that follow have been identified based
on these descriptions. A key distinction between INSPIRE and this document is that the classes identified in
INSPIRE are all interpreted as spatial objects, whereas in this document most of the classes are related to

spatial objects through a “hasLocation” property.

Table A.2 — Relationship between terms in this document and INSPIRE

ISO/IEC 5087-2 term

Corresponding INSPIRE
term

Relationship

landuse:LandArea

CadastralParcel

The CadastralParcel term in INSPIRE is a spec

ializa-

tion of LandArea as defined 1n ISO/IEC 5087-2
describes the CadastralParcel as “...a single ar
surface (land and/or water), under homegene
property rights and unique ownership, real py
rights and ownership being defined,by nation
In the context of ISO/IEC 5087-2)a'LandArea i
representation of an identified.region of land
not necessarily with unique ownership).
CadastralParcel has an@ssociated cadastral r
optional portrayal attributes, whereas a Land
not. Both terms have-some associated geomet

INSPIRE
pa of Earth
bus real
operty
] law.”[11]
5 a generic
possibly but

bference and
Area does
'y and area.

landuse:Lan

HArea

CadastralZoning

The CadastralZoning term in INSPIRE is a spe
LandArea as defined in ISO/IEC 5087-2. INSPI
the CadastralZoning as “the intermediary are
municipalities, sections, blocks, ...) used in ord
natignal territory into cadastral parcels.”[11] |
ofddSO/IEC 5087-2, a LandArea is a generic rep|
of anh identified region of land. Different levels
eas may be defined, but no distinction is made
them. CadastralZoning has an associated cada
reference and optional portrayal attributes w
LandArea does not. Both terms have some ass
geometry and area.

Fialization of
RE describes
s (such as
er to divide
 the context
resentation
of LandAr-
between
stral zoning
hereas a
pciated

city:Jurisdic

ionalArea

AdministrativeUnit

The AdministrativeUnit in INSPIRE represent
area itself, whereas the city:JurisdictionalAre
resents the abstract entity that has jurisdictio

Unit corresponds to the landuse:LandArea def
city:Jurisdictional Area.

spatial area. In other words, the INSPIRE Admfinistrative-

the spatial
h class rep-
n over the

ined for a
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Table A.2 (continued)

ISO/IEC 5087-2 term

Corresponding INSPIRE
term

Relationship

Landuse:LandArea,
landuse:hasLandUse

LandCoverVector, LandCover-
Unit

Both specifications adopt the same position for the
representation of land use as that of INSPIRE: not to
prescribe a particular land cover classification system
but to provide a mechanism of capturing land cover data.
ISO/IEC 5087-2 associates land with various land use and
classification systems with a single, hasLandUse property.
Whereas this module of INSPIRE focuses solely on land
cover, ISO/IEC 5087-2 includes both types of classification
systems.

INSPIRE provides a generic structure (LandCoverNomen-

clature) for definining classification codes wh

5087-2 does not. In ISO/IEC 5087-2 land‘cover
associated with LandAreas in the‘samnie way a

lows for the specificationof a“covered percen

to completely cover theidentified area of land

breas 1SO/

IEC 5087-2 does not. INSPIRE distinguishés bgtween vec-
tor and raster land cover representatiens.whejeas ISO/IEC

classes are
land use

classes are assigned to areas. INSPIRE capturg¢s land over
as observations and associatgs-an observation

date. It al-
t” where in

ISO/IEC 5087-2 it is assmed that the land covler is defined

landuse:Lan
landuse:hasl

HArea,
andUse

ExistingLandUseObject,
ExistingLandUseSample,
ExistingLandUseGrid,
ZoningElement

ISO/IEC 5087-2 provides a generic approach t
senting land use. Two land use classification s
currently inclided, but it is intended to be eas

sification systems that combine the two notio

hasLandUse that is associated to a LandArea.

isting Land Use, Sampled Land Use, Gridded L
Planned Land Use (zoning). Existing, Sampled
Land Use are not identified explicitly in ISO/IH
but can be captured with different spatial rep
of the area being described.

Unlike INSPIRE, the spatial plans from which
originates are not captured in ISO/IEC 5087-2

repre-
ystems are
ly extended

with others(INSPIRE requires the use of the HILUCS (Hier-
archicahINSPIRE Land Use Classification Syst¢m), but also
allows for the specification of other classificatfion systems.
INSRIRE clearly distinguishes between Land Use and Land
Cover, whereas ISO/IEC 5087-2 does not, allowing for clas-

1S.

ISO/IEC 5087-2 describes land use with the prjoperty

NSPIRE

introduces different classes (geometries) to rgpresent Ex-

hind Use, and
and Gridded
C5087-2

Fesentations

ome zoning

building:Bui

ding

AbstractBuilding, Buildin-
gAndBuildingUnitInfo,

In INSPIRE, AbstractBuilding (subclass of Abs
struction): allows for the representation of bu

fractCon-
ldings and

building parts. Like the Building class in ISO/I[EC 5087-2, it
captures information such as building use and dwellings,

but represents only a count of these features, ywhereas
]r\ni]r]inn-Rni]r]ing rnprncnnfc the actual relati lnships (eg
o

between a person and a dwelling).

INSPIRE supports extended representations of an abstract
building as 2-dimensional or 3-dimensional geometries. It
also provides an extended representation (BuildingAnd-
BuildingUnitInfo) that includes address representation
and detailed physical characteristics such as materials
and other building features (e.g. chimneys). This is not
included in the ISO/IEC 5087-2 definition of Building.
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