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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,
governmental 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
[EC Dir¢ctives, Part 2 (see www.iso.org/directives or www.iec.ch/members experts/refdocs).
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use of (p) patent(s). ISO and IEC take no position concerning the evidence, validity or-applicabilit
claimed patent rights in respect thereof. As of the date of publication of this document,ISO and IEC
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fument was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology.
all parts in the ISO/IEC 5087 series can/be found on the ISO and IEC websites.
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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 geospatial location, or a unique identifier for a person or organization.
More sdphisticated analytics projects that require the combination of datasets with overlapping semantics
entail a|significantly greater effort to transform data into something useable. It has become incre¢asingly
clear thpt integrating separate datasets for this sort of analysis requires an attention to thé semantigs of the
underlyling attributes and their values.

A comnjon data model enables city software applications to share information, plan,;«coordinate and|execute
city tasks, and support decision making within and across city services, by providing a precise, unampiguous
represeptation of information and knowledge commonly shared across city sefvices. This require§ a clear
understfanding of the terms used in defining the data, as well as how they relate to one anothler. This
requirement goes beyond syntactic integration (e.g. common data types atid protocols), it requires semantic
integration: a consistent, shared understanding of the meaning of infoymation.

To motiate the need for a standard city data model, consider the éyolution of cities. Cities deliver physical
and sodial services that have traditionally operated as silos. If{during the process of becoming §marter,
transpartation, social services, utilities, etc. were to develop' their own data models, the resulf would
be smarter silos. To create truly smart cities, data need to ‘be shared across these silos. This can|only be
accomplished through the use of a common data model. Forexample, “Household” is a category of datfa that is
commonly used by city services. Members of Households are the source of transportation, housing, equcation
and recreation demand. This category represents-who occupies a home, their age, their occupationg, where
they wark, their abilities, etc. Though each city setvice can potentially gather and/or use different aspects of
a Housghold, much of the data needs to be shared.

Supporting this interoperability among,city datasets is particularly challenging due to the diversitly of the
domain|and the heterogeneity of its data’sources. The purpose of this document is to support the|precise
and ungmbiguous specification of city data using the technology of ontologieslll[2] as implemente{d in the
Semantjc Web.[2] By doing so it will;

— enable the computer representation of precise definitions, thereby reducing the ambiguity of
intgrpretation;

— renjove the indepgendence assumption, thereby allowing the world of Big Data, open-source s¢ftware,
mobile apps, etcs.to be applied for more sophisticated analysis;

— achjeve sentantic interoperability, namely the ability to access, understand, merge and use data available
froin datasets spread across the Semantic Web;

— 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

© ISO/IEC 2024 - All rights reserved
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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

Foundational ontologies

I I I I
Mid-level ontologies City concepts
| | | |

Foundational, common con¢epts

Figure 1 — Stratification of city-data model

Figure 2 depicts example concepts for the three levels.
_____________________________________________________________________ -———
| |

Servicgs-level : Transportation Trip Public Vehitle Parking |
| network transport :
|

|
R N i i~ O, F——
I I
Cily-level ! Sensor Building Land Use. Household City service Indicator Bylaw |
ify-level | |
| |
I I
| Contact Person Organization City resident City Contract Infrastructure Transport ption| |
: infrastrudture :
=N ] -
| *.
| Units of Resource Activity Recurring Agent Agreement !
| measure event :
Fougdation : |
commgdn-level | 0 izati :
| Location Time Change Mereology rganization City Units Provenance |

| structure
| |
_____________________________________________________________________ ———J

Figure 2 — Example concepts for each level
There ra"nthowr avicting ctandarde thot Avnplany ~ap a1l 'v'v'ith Seme Cf thC teFrmS Pt esepted in thlS

TCOTHCT CATStIITS - starraar o oirac ovieTap— ComnctptTaarty

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.

© ISO/IEC 2024 - All rights reserved
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Information technology — City data model —

Part 2:
City level concepts

1 Scgpe

This dofument defines an ontology for city-level concepts defined using terms specified iny[1S@/IEC{5087-1.
City-levgl concepts are used to represent data that is shared across multiple services andstakeholdefs in the
city. City-level concepts are distinguished by their data being read and updated by multiple city servjces and
stakehdlders.

2 Normative references

The follpwing documents are referred to in the text in such a way that someor all of their content conjstitutes
requirements of this document. For dated references, only the edition €ited applies. For undated refgrences,
the latept edition of the referenced document (including any amenduients) applies.

SEMANTIIIC SENSOR NETWORK ONTOLOGY, W3C Recommendation 19 October 2017, https://www.w3.org/
TR/vocab-ssn/

ISO/1IEQ 5087-1, Information technology — City data modél— Part 1: Foundation level concepts

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[SO and|IEC maintain terminology databases for use in standardization at the following addresses:

— [SO|Online browsing platform:available at https://www.iso.org/obp

— IEC|Electropedia: available‘at https://www.electropedia.org/

3.1
cardinality
number] of elementsdn a’set

[SOURCE: ISO/TS 21526:2019, 3.11]

3.2
descrigtion logic
DL
family of formal knowledge representation languages that are more expressive than propositional logic but
less expressive than first-order logic

[SOURCE: ISO/IEC 21972:2020, 3.2]

3.3
manchester syntax
compact, human 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).]

© ISO/IEC 2024 - All rights reserved
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measure
value of the measurement (via the numerical_value property) which is linked to both Quantity and Unit_
of_measure

[SOURCE: ISO/IEC 21972:2020, 3.4]

3.5

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

Note 1t
[SOURC

3.6
ontolog
formal
definiti
interrel

[SOURC

3.7
ontolog
ontolog

Note 1t
Web dod

[SOURC
been re

3.8

quantit
propert
as a nuf

Note 1t
EXAMPI
EXAMPI

[SOURC
two EX4

39
Semant
W3C’s v

entry: Names may also be 1dentified by an [RI reference.

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

y
Fepresentation of phenomena of a universe of discourse with an underlying.vocabulary i

bns and axioms that make the intended meaning explicit and describe phenomena af
ntionships

E: ISO 19101-1:2014, 4.1.26]

y web language
y language for the Semantic Web with formally defined méaning

entry: OWL 2 ontologies provide classes, properties, individuals and data values and are stored as §
uments.

E: [SO/IEC 21972:2020, 3.7, modified — The preferred term "OWL 2 Web Ontology Langus
blaced by the preferred term "ontology web language".]

y
y of a phenomenon, body, or substance, where the property has a magnitude that can be ex

hber and a reference

entry: Quantities can appeartas base quantities or derived quantities.

E1 Length, mass, electric current (ISQ base quantities).

isien of the Web of linked data

cluding
id their

emantic

ge" has

pressed

E2  Plane angle, forte, power (derived quantities).

E: [SO/IEC Guide99:2007, 1.1, modified — NOTEs 1 to 6 have been removed; new Note 1 to efptry and
AMPLEs havebeen added.]

ic Web

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

[SOURC

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

E: ISO/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 resource description framework A(\(V

RDFS resource description framework schema n“.l/v

UML Unified Modelling Language

The follpwing namespace prefixes are used in this document:

— actjvity: https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/Acti
— agept: https://standards.iso.org/iso-iec/5087/-1 Zed—lzenZOntologﬂA@
— agrpement: httDs://standards.iso.orQ/iso—iec/S087/—1/ed-1/en/oni;gs\_@\gﬂAgreementz

— building: https://standards.iso.org/iso-iec/5087/-2/ed-1/en ology/Buildin

— bylaw: https://standards.iso.org/iso-iec/5087/-2/ed-1 Zggﬁtologyz Bylaw/

— city: https://standards.iso.org/iso-iec/5087/-2/ed- %\@[ontologg[Cityz
— cityresident: https:ZZStandards.iso.orgZiso—ieqz@7/—1/ed-l/en/ontologv/Cithesident/

O
— cityfunits: httDs://standards.iso.orgliso—ie{'@ﬁml—l /ed-1/en/ontology/CityUnits/

— code: httDs://standards.iso.org/iso-iec@?ﬂ87/-2/ed-1 /en/ontology/Code/

N
— conftact: https: ZZStandards.iso.orgZige?-iecz 5087/-2/ed-1/en/ontology/Contact/

— conftract: https:ZZStandards.i%ﬁgZiso-iecz5087[-2Zed-lZenZOntologyZContractz
— genjprop: https:[[standa%q‘g, o.org/iso-iec/5087/-1/ed-1/en/ontology/GenericProperties/

— geof http://www.o is.net/ont/geosparql#

— i721{ http://onto Qeil.utoronto.ca/lSOZ1972/15021972/

— infijas: httD@Y':andards.iso.org/iso-iec/5087/-2/ed-1 /en/ontology/Infrastructure/

B
— lan 11%&& ttps://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/Landuse

+ LL (a L L L
- Org. HLP.//WWW.WOL.UI IIS/01 g+

— 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.w3.0rg/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/SpatialLoc/

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

— transinfras: https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/Tr
ationInfrastructure/

ansport

— timk: https://www.w3.0org/2006/time#

— xsdf https://www.w3.0rg/2001/XMLSchema#
The formalization of the classes in this document is specified using the following table\fermat, which is a
simplification of description logic (DL) where the first column identifies the class namepthe second|column
its progerties and the third column each property’s range restriction It shall be réad as: The <Clgss> is a
subClasOf the conjunction of the associated <property>s with their <valueXs. Range restrictions are
specifield using the Manchester syntax. For example, Table 1 specifies that Agefit is an rdfs:subClagsOf the
interseqtion of (Person or Organization) and org:memberOf only Organizationy
Table 1 — Example formalization of the Agent class

Class Property Value Restriction
Agent rdfs:subClassOf Person.ororg_s:0Organization

org_s:memberOf only.Otganization

individual fjoe, frank}
CamelChpse is used for specifying classes, propertiestand instances. For example, “legalName” instead of
“legal_ame”. The first letter of a class name is capitalized. The first letter of a property and instan¢e name
are not|capitalized. An instance of a class shallsatisfy the class’s definition. The instance’s properfies and

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

The for
that all
charact

is <chafacteristic> if no value {@s,applicable. For example, in Table 2 hasPrivilege is a sub-propert

malization of the properties in{this document is done similarly, using the following table
pws for the identification ef properties and their sub-properties, inverse properties, d
bristics. It is to be read as+The <property> is <characteristic> of <value>, or simply the <pr

format
r other
bperty>
y of the

agentlnpolvedIn property. Characteristics are specified using the Manchester syntax.
Table 2 — Example property formalization
Property Characteristic Value (if applicable)
hasPrivjlege rdfs:subPropertyOf agentlnvolvedin
Irreflexive
In the dase 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
4


https://www.w3.org/2000/01/rdf-schema
https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/RecurringEvent/
https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/Resource/
https://standards.iso.org/iso-iec/5087/-1/ed-1/en/ontology/SpatialLoc/
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/TransportationInfrastructure/
https://standards.iso.org/iso-iec/5087/-2/ed-1/en/ontology/TransportationInfrastructure/
https://www.w3.org/2006/time
https://www.w3.org/2001/XMLSchema
https://standardsiso.com/api/?name=000d1424819b1f80899b0ba5fa2f666a

ISO/IEC 5087-2:2024(en)

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:

_ 1150

87” 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

— Thq first “Agent”_identifies the Agent Pattern

— Thq second “Agent” identifies the Agent class within the Agent Pattern

The IRI

age

can be shortened using the prefix’s defined in Clause 4:

ht:Agent

where qgent: is the prefix for the Agent Pattern.

Propertlies are identified in the same manner. The IRI's of individuals created by an applic
ISO/IEQ 5087-2 would have IRIs unique to the application.

6 Cit

6.1 G
Much a

y-level ontologies

eneral

5 the foundational concepts defined in ISO/IEC 5087-1 are common across arbitrary d

concepts also exist that are generic across all cities. These concepts define the domain upon wh
service§ operate. They are common for all cities but not specific to any one service. The city dat

defines

sixteen city-level ontologies, or pattérns, to capture these concepts. These are describe

following subclauses. The content of these ontologies defines terms needed to capture these conce

generic
and tax
provide

The pat
referen

level. They are not intended to be exhaustive, nor to capture the variety of classification
bnomies that are potentially-of interest for different user groups. The common terms defin
the foundational, commen_language that may be extended by different users as required.

terns presented heré shall conform to the foundational concepts defined in ISO/IEC 5087-1.
res to foundational’content defined in ISO/IEC 5087-1 are identified in text descriptions of

importg, as well as through the explicit identification of terms from ISO/IEC 5087-1.

The car

cases tg support the pragmatic implementation of the ISO/IEC 5087 series. For example, while ¢

sense d

ctates that all persons should have at exactly one legal name, in practice there are many

applicafion’s.of city data where persons may be represented with no name at all. Users of this docun
encourdgeéd to extend and strengthen these restrictions where possible or warranted by the applica

htion of

omains,
ich city
h model
1 in the
pts ata
bystems
ed here

Specific
pattern

dinality restrictions specified in the pattern formalizations are weakened intentionally in many

ommon
bossible
hent are

[ion.

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 ke} classes and prnpnrﬁnc are formalized in Tahle 3 and Tahle A.' rncpnr‘fivn]y A code is introd uced to

capturethe possible value of an object, according to a predefined system of values. It has the following key
propertjies:

— definedBy: identifies the Organization that defined the code.

— spé€cification: specifies a URI where the definition of the code can be found.
— hagldentifier: identifies a unique identifier for the code.

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

— gernprop: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)

hasCods¢ rdfs:range Code

6.3 Infrastructurepattern

6.3.1 |General

The Inffastructure pattern defines the concepts needed to capture various types of city infrastructure, such
as build'nnn and o de Thoa Infractyiintiiyn mattnrn rnpicncthan Qi a1 T Aot ot nen (e ICO/TEC 5087_1)

TS Ot T UTU ST TIHICT T T O ot e TUT O pattCTr r COsSTo Tt opator DUTTTIUTT pactCT it (T U o9/ TEG

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.

— Conm

— 172
bet
prig
pos
ass

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

hasValue: identifies the value of a Building as a cityunits:MonetaryValue. Distinctions may lpe made
ween different types of value, such as the government-assessed value of a building)or"the purchase
e. Subproperties of hasValue may be introduced to distinguish these types as required. Sulggested
sible extensions include: hasCost (purchase price), hasGovernmentAssessedValue (government
bssed value for tax purposes), hasCollateralValue (value assessed inrelation to dloan), haslnsuredValue

(value determined by insurance policy).
6.3.3 [Formalization
Table 5 — Key classes in the Infrastructure pattern

Class Property Valuepestriction
InfrastructureElement (loc:hasLocation onlyrloc: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 Transportation Infrastructure pattern
6.4.1 [General
The Trajnsportation Infrastreucture pattern defines the concepts that are relevant in describing the physical
transpgrtation infrasgrueture and their characteristics. This includes the concepts of a Road, Briflge and
Tunnel.|The Infrastficture pattern is reused here, as these transportation structures are all defined as
types of (subclasses) Infrastructure Elements.
6.4.2 |[Key classes and properties
The keytelassesareformalized-inTable 6-Theyincludethe common-struetural-elementsthateemprise 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

propert

y:

— aggregationOf: identifies a Travelled Way Link that is aggregated to form the Travelled Way.

agg

regationOf is distinct from parthood in that a Travelled Way Link does not depend on the Travelled

Way in order to exist.

© ISO/IEC 2024 - All rights reserved
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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 in Pt ovedtoattowtravet by TITOtOT vchidca, PTTSOITS, biLyLlca, arrd-simitar mrethrodsof conveydqce. Itis
identifi¢d as a Road as such by a given governing body. It is defined with the following property:

— aggdregationOf: identifies the Road Link that a Road may be decomposed into in order. torepré¢sent its
lengths at a finer granularity.

A Road Linkis a type of Travelled Way Link that is represents a length of a Road. It has thefollowing ptoperty:
— aggdregateOf: identifies the Road that aggregates the Road Link.

A Road fegment is a type of Travelled Way Segment that represents a part of@Road Link. It has the fqllowing
property:

— paijtwhole:properPartOf: identifies the Road Link that the Road Ségment is a part of.

— networkType: identifies the RoadNetworkType of the RoaddSegment. The Road Network Type identifies
the[modes of travel permitted or otherwise supported:on ‘a particular Road Segment (e.g. bicycles,
motorized vehicles). Its values may be defined more preeisély with the use of the code:hasCode pfoperty.
Thd network types for Road Links and Roads may be-defined based on the Road Segments they fontain.

A Rail Line is a type of Travelled Way. It describes a part of the physical transportation infrastructfire that
has beep fitted with tracks to allow travel by trains-and other sorts of rail vehicles. No distinction [is made
between Rail Line types at this level. A Rail Line.is identified as such by a governing body. It is defined with
the follgwing property:

— aggdregationOf: identifies the Rail Cink that a Rail may be decomposed into in order to reprgsent its
lengths at a finer granularity.

A Rail Link is a type of Travelldd )Way Link that represents a length of a Rail Line. It has the fqllowing
property:

— aggregateOf: identifiesthe Rail Line that the Rail Link is an aggregate of.

A Rail Jegment is a type of Travelled Way Segment that represents part of a Rail Link. It has the fqllowing
propertly:

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

A Bridge is.a‘type of Infrastructure Element. It describes a part of the physical transportation infrasfructure

that end Whlac travnl Avznry o givgnyn awng TE oy codb oty oo Ad Coagyranntc A DT T 3000 Chagyannde A rld e iS
auUuito trdavoili uuvel d slv\zll ATICd. 1IU lllu‘y CUITUATIIT OUIIIC l\U(A\A u\zslll\/llLJ \v sy l\blll LITIcC u\,slll\,llt.d 14X 1D g

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.

© ISO/IEC 2024 - All rights reserved
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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

rep

resent 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:
— supportsidentifies—Travetted—Way Segmemnts—thatare supported—by {ie—travetoverj—the] Tunnel
Segment, if any.
6.4.3 |Formalization
Table 6 — Key classes in the Transportation Infrastructure pattern
Class Property Value restriction
TravellddWay rdfs:subClassOf infras:InfrastructureElément
aggregationOf only TravelledWayLink
TravellddWayLink rdfs:subClassOf infras:InfrastructureElement
aggregateOf only TravelledWay
TravellddWaySegment |rdfs:subClassOf infrasiInfrastructureElement
partwhole:properPartOf some TravelledWayLink
Road rdfs:subClassOf TravelledWay
aggregationOf only RoadLink
RoadLink rdfs:subClassOf TravelledWayLink
aggregateOf only Road
RoadSegment rdfs:subClassOf TravelledWaySegment
partwhole:properParfOf some RoadLink
networkType only RoadNetworkType
RoadNetworkType hasCode code:Code
RailLing rdfs:subClassOf TravelledWay
aggregationOf only RailLink
RailLink rdfs:subClassOf TravelledWayLink
aggregateOf only RailLine
RailSegment rdfs:subClassOf TravelledWaySegment
partwhole:properPartOf some RailLink
Bridge rdfs:subclassOf InfrastructureElement
partwhole:hasProperPart only BridgeSegment
SUpPPOTTS 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

© ISO/IEC 2024 - All rights reserved
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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 capty
and areh.

6.5.2 [Key classes and properties

The key| classes and properties are formalized in Table 7 and Table 8, respectively. A Building is a st
with a roof and walls. It is defined as a type of Infrastructure Element and has the following key pro

builldingFacility: identifies a Facility(s), e.g. kitchen, bath, or air conditiehing that is containe|
Building.

hagdBuildingUnit: identifies the Building Unit(s), if any, that are contained by the Building.

numBuildingUnits: identifies the total number of Building Unit(s) in a Building as a (non-n
int¢ger value.

[T the quantities and units of attributes requ1red for fand value considerations, such as sate prices

ructure
perties:

d in the

pgative)

haqdBuildingFootprintArea: identifies the footprint occupied by the Building as a cityunjts:Area

qudntity.

hadBuildingFloorArea: identifies the floor areaccupied by the Building as a cityunits:Area quantity.

Thd floor area accounts for the area of each floorof the building. However, floor area excludes ung
arefps such as basements.

flogrAreaRatio: identifies the building’sifloor area ratio as a cityunits:Ratiolndicator quantity.
ratio of the gross floor area (the valueof hasBuildingFloorArea) to its “buildable area” (i.e. lot si

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

numFloors: identifies the number of floors in a Building as a (non-negative) integer value. This ref
a tdtal count of all floors-in the building (including those below ground).

numAboveGroundFleors: identifies the number of above ground floors in a Building a (non-n
intdger value.

windowToWallRatio: identifies the percentage area of a Building’s exterior envelope that is 1
of dlazing (i.e/glass installed in fixed openings such as windows and doors). The value is specif
cityjunits;Ratiolndicator quantity.

ccupied

[hisis a
v.e).

resents

pgative)

hade up
ied as a

builtAccordingToConstructionCode: identifies the name of any construction code(s) a

p 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 r
to conform to the code throughout the construction of the building.

equired

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

classification system.
hasConstructionStatus: identifies the Construction Status of a Building.

yearOfConstruction: identifies the year that construction on the Building was completed as
DateTimeDescription object.

© ISO/IEC 2024 - All rights reserved
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— propertyRegistrationlD: identifies the unique identifier of the real estate in the property register of
authority where the Building is located.

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

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

A Build
have itg
with thq

ngUnit refers to a part of a building that 1s physically separate (1.e. has its own entrance), |
own identifier within the building and has a number of other characteristics that maybe
e following properties:

— unitInBuilding: identifies the Building that the Building Unit belongs to (is contained ).

— loc;
pat

— con
— has

— has

hasLocation: identifies the individual location of the Building Unit, as defined in the I
fern.

tact:hasAddress: identifies the address of the Building Unit, as defined\in the Contact patte

Rent: identifies the rental fee for the Building Unit, if any.

UnitSize: identifies the size of the Building Unit as an Area, defined in the City Units pattern|.

— nu

berOfRooms: identifies the number of rooms in the Building Unit.

— numpmberOfBedrooms: identifies the number of bedrooms’in the Building Unit.

— flo
the

rToCeilingHeight: identifies the floor to ceiling-height in the Building Unit as a Length, de
City Units pattern.

— buildingFacility: identifies any Facility(s)-contained in the Building Unit. This is distinct fy

Fac
and

Differer
defined
examplg
degree

not. Not
building

lities that the owners of the unit would\have access to (e.g. provided by the building to its ocd
includes only those that are part of'the Building Unit.

t types (subclasses) of Building”such as House, Apartment Building, or Office Building
as required. It is recommended to avoid confusing type of building structure with building
e, a “Detached House” is altype of building whereas an “Office” is not. A Building also requir
bf permanence; a “Duplex” or a “Garage” may be defined as types of buildings, whereas a t
e also that a Building refers only to the structure, not the surrounding area; an airport term
, an aircraft hangar-s a building, but the entire airport complex is not.

F should
defined

ocation

fined in

om any
upants)

may be
use. For
S some
Ent may
inal is a
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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
numFloors max 1 xsd:nonNegativelnteger
use only BuildingUse
hasConstructionStatus max 1 ConstructionStatus
yearOfConstruction max 1 time:DateTimeDescription and time:dpy
exactly 0 rdfs:Literal and.time:month exactly 0 rdfs:
Literal and time:year gxactly 1 rdfs:Literal
numBuildingUnits max 1 xsd:nonNegativelnteger
propertyRegistrationID max 1 rdfs:Literat
floorAreaRatio max 1i72:Ratiolndicator and (i72:hasDenonjinator
only i72:Area) and (i72:hasNumerator only i} 2:
Area)
numAboveGroundFloors max I*xsd:nonNegativelnteger
windowToWallRatio max 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
BuildingUnit 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
nuimberOfRooms max 1 xsd:nonNegativelnteger
nimberOfBedrooms 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[@satype of Location, which may be described as a geometry. I hey may also be related to ottjer Land
Areas (¢r arbitrary Locations) by the spatial relations such as containment, contact, overlaps, etc

6.6.2 [Key classes and properties

The key] classes are formalized in Table 9. A Land Area is a way of defining some area-in‘an urban system. It
has the following key properties:

— locihasLocation: identifies the geospatial representation of a Land Area’sJecation.

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

— hagArea: identifies the size of a Land Area as cityunits:Area quantity.

— hagPopulation: identifies the population of a Land Area as aini72:Population quantity.

Land Uge Classifications provide a means of describing theland use in a standard way. The Land Use
Classifigation class is intended to serve as the root class that may be extended with various classification
systemg as required for a particular application. Its valuessmay be defined more precisely with the uge of the
code:hagCode property.

6.6.3 |Formalization

Table 9 — Key'classes in the Land Use pattern

Class Property Value restriction
LandArga loc:hasLocation loc:Location
landUse min 1 LandUseClassification
hasArea only cityunits:Area
hasPopulation only cityunits:Population
LandUsg¢Classification code:hasCode only code:Code

6.7 Personpattern

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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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:

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

— name: identifies 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.

— con
— con
— has
— bir
— bir
— ded

— ded

tact:hasAddress: identifies any instances of a contact:Address associated with the Personsx
tact:hasPhoneNumber: identifies any instances of PhoneNumbers associated with the Perg
Email: specifies zero or more email addresses as xsd:string values.

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

thplace: identifies the contact:Address where the Person was born.

thdate: identifies the time:Instant when the Person died.

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

— citi
(ti

different time intervals. It is recommended that a Countryybe defined with using ISO 3166-2[4] a
letter country code, however different systems may be;accommodated with the Code pattern.

— parjent: identifies any parents of the Person. Note\that we define the parent relation in a gener
(inqluding either the legal or biological relation): This property may be specialized and restri

exa
— spd
— chi

— SeX

from that of a person’s genderyAs distinguished by Statistics Canadal2] “Sex refers to sex assigned

Sex

vallies may be definedmpore precisely with the use of the code:hasCode property.

— gern
per|
bas
def

— inc

enOf: specifies one or more Citizenships, each specifying the country (Country) and time
e:Properinterval) the Person is a citizen. A Person can.bé.a citizen of more than one country

ple hasBiologicalMother: exactly 1 Person.
use: identifies any spouses of the Pexison.
dren: identifies any children of'thee Person.

: identifies a Person’s sex. A®Person is associated with at most one sex. The definition of sex is

is typically assigned based on a person's reproductive system and other physical characteris

derldentity: identifies a Person’s associated Gender identity. The value of this may differ
son's sex at birth, or it may be the same. Precisely how Gender is defined and instantiate
ed upon eentext and so may be defined by the user of this standard as appropriate. Its values
ned moreprecisely with the use of the code:hasCode property.

biie: specifies the Person’s annual income.

on.

interval
and for
pha-2 2

hl sense
ted, for

distinct
ht birth.
bics.” Its

from a
l varies
may be

— hasSKkill: 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.

© ISO/IEC 2024 - All rights reserved
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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:

issiedBy: identifies the agent:Agent that issued the ID.
6.7.3 |Formalization
Table 10 — Key classes in the Person pattern
Class Property Value restriction
Person rdfs:subClassOf agent:Agent
hasPersonID only Personld
name max 1 PerséniName
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
childyen 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

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
ide tifieric valid
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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)

validityPeriod subPropertyOf time:hasTime

6.8 Cjty Resident pattern

6.8.1 |General

NOTE Resident has been defined in a separate pattern because it is a specializationof the Person category defined
in 6.7. Combining the two concepts into a single category would not be incorrectfrom a logical perspective. However,

the categ

rories are separated to define a core Person pattern, independent of any spécializations, to facilitate t

this dociiment.

As diffe
the coreg
the con
unique
domicil
"Reside

6.8.2

The key
the Cityj
be defin

— has
dist

— ow
org

—  ope

All speq
where t

properties required by each. For example, the city of Toronto’s definition of a city resident

e in which the resident spends significant amouiits of time; they can own it, rent it, or just s
' has both a temporal and spatial dimension.

Key classes and properties

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

ed as a subclass in an extension. to this document. These properties are:

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

hnizations.

rates: specifies an EntityOperation where the entity is an Organization that the resident op

their ug

eln the context of specializations of Resident. For example, if an optional property is use

he use of

rent cities have different definitions of who is that city’s Résident, the City Resident pattern dontains

ncludes

Cept of owning property or owning or operating a business in the city. For Beijing, nationglity is a
hspect. Central to all the definitions is the concept, of residing, variously referred to as a lpome or

ay in it.

brties of

Resident class are used to constfuct the definition of a resident for a particular city, which njay then

Residence: specifies one ormore individuals of Residence, where each individual specifies ar¢sidence

h

hs: specifies an EnfityOwnership where entities owned include include buildings, land afreas, or

brates.

ializations (subclasses) of Resident shall have at least one hasResidence property that identifies
hey<réside. The remaining properties are optional and their specifications are intended to cdnstrain

d in the

definition of Toronto Resident, then 1ts range 1s restricted to what 1s specified 1n Kesident.

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 cities. The Residence class identifies the following key properties:

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

— hasHomeType: identifies the type of home, such house, apartment, or shelter. Its values may be defined
more precisely with the use of the code:hasCode property.

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

— 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 CorlltrolledEntity and Citizenship classes are necessary to capture the time interval during'w

entity is
followin

— ent

owned or operated, or the person is a citizen of a country. The ControlledEntity classddent
g key properties:

ity: identifies a thing that is controlled.

hich an
fies the

— time:hasTime: identifies the time interval during which controlled relationship is held for the entity

(i.e
The Cor
to indid
speciali
— ent

— per

The Ent
followin

— ent

during which the person controls it).

trolledEntity class is further specialized with the EntityOwnership@nd EntityOperation sul
te the entity control more precisely. EntityOwnership indicates-an instance of ownershi
zed with the following properties:

ity: identifies a land area, organization, or building that isowned.
centOwnership: identifies the percent of the entity that is owned.

ityOperation class indicates an instance of entityycontrol via operation. It is specialized ¥
g property:

ity: indicates an Organization that is contrglled. In some implementations it can be possible

bclasses
b and is

vith the

to infer

ent|ty operation on the basis of a person’s role‘'within an organization, but this is not formalized| here.
6.8.3 |Formalization
Table 12 % Key classes in the City Resident pattern
Class Property Value restriction
CityRes]dent rdfs:subClassOf person:Person
hasResidence only Residence
residentOf only city:JurisdictionalArea
owns only EntityOwnership
operates only EntityOperation
Residenice 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

© ISO/IEC 2024 - All rights reserved

17


https://standardsiso.com/api/?name=000d1424819b1f80899b0ba5fa2f666a

ISO/IEC 5087-2:2024(en)

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 housg¢hold is an important concept in many areas of the city. Households are distinct;ythough often
closely [related to families and residences. This document does not provide an explicit ' r€pres¢ntation
of a Farpily, though one could be inferred from the properties of some Persons (as defined in thg Person
pattern). Residence is described in the City Resident pattern, and household is described’in this patt¢rn. The
behavidur of a household can be represented by the collective activities of its members. Thus, memnbership
is a key|property of a household.
6.9.2 [Key classes and properties
The key] classes are formalized in Table 13. A Household refers to a collection of persons occupying 4 shared
place of residence. Households may be (but are not necessarily) comprised of family members. Dffferent,
more precise definitions of Household may be adopted as requijred for different contexts and appliications
through extensions to this class. A Household has the following Key properties:

— hot

col

— org

— time:hasTime: specifies the time interval the Household exists in its current configuration.

sha]Led by its members. A Household is defined by this'residence, such that if the members moj

IseholdOccupies: identifies the cityresident:Residence that it occupies, i.e. the residence

ctively), the new residence constitutes a new.Household.

_s:hasMember: identifies a person:Person\who is a member of the Household.

that is
e (even

6.9.3 |Formalization
Table 13 — Key classes in the Household pattern
Class Property Value restriction
Househgld householdOccupies max 1 cityresident:Residence
org_s:hasMember only person:Person
time:hasTime only time:Properinterval
6.10 Cjty Organization 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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Key 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.

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

—  ope

— has
res

— loc
tha
org

An Orgg

Profit Organization. A For-Profit Organization has the following additional key properties:

— has

ratingHours: identifies the OperatingHours of the Organization.

Goal: identifies the Goal(s) of the Organization. This allows for the representation of various
bonsibilities and intents.

hasLocation: identifies the loc:associatedLocation(s) of the Organization.\This is more
h the contact address, and allows for the representation of any number of-spatial locations
hnization is associated with occupying (e.g. office spaces or other facilities}):

inization may be further classified as a For-Profit Organization, Government Organization,

IndustryType: specifies an Industry Type assigned to the organization based on the kind of

groups'

general
that the

or Non-

usiness

conducted. There are different classifications of Industry Type€s, the inclusion of each is outside the scope

of t
— hag
A Gover
— hag
— jur
A Non-H
— hag

A Rolei
extends

— has
— has

— has

his document. Its values may be defined more precisely with the use of the code:hasCode pra
Establishment: specifies a Business Establishment where the organization conducts busine
nment Organization has the following additionalkey properties:

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

sdiction: specifies the Jurisdictional Area that the organization is responsible for.
rofit Organization has the followihg additional key properties:

Program: specifies a servicé:Program defined for the organization.

5 a specialization of org(s:Role as defined in the Organization Structure Pattern in ISO/IEC 5
the class with the follgwing properties:

Goal: specifies aGoal defined for the Role. Any agent in the Role will have this as a Goal.
Process: specifies an activity:Activity that is performed as part of the Role.

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

A Goal
activit

esCribes a desired state for an Organization, Organization Agent, or Role. It is defined as 4

perty.

SS.

P87-1. It

kind of

State.

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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— 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
inherited by the agent’s Role, or defined directly for the Agent.

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

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:

Ger
Ret
an ¢
the

— has
— em

— has
be
at-H
as 1
has

Comper
as eithe

— has

Wage is
followin

—  hot

— 0V€
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Salary i
followir

— anr

Operati

Cl dl foibc/lclb'l il,dl, fﬁauufau'uu illg/CUllbll LlLlLiUll/lTl dL‘le, Pl UfcbbiUlld}/Ividlldgt'lllcll‘l./T
pil Sales and Service. Enumeration of this categorization is outside of the scope of this decu
xtension as required for a given application. Its values may be defined more precisely sith th
code:hasCode property.

Compensation: identifies the monetary compensation received by the agent.

ployedBy: identifies the Organization that the agent is employed by.

rategorized as one of: full-time regular, part-time regular, full-timetwork-at-home, part-tim
ome. Enumeration of this categorization is outside of the scope\of’this document in an ey
equired for a given application. Its values may be defined more precisely with the use of tl
Code property.

sation is a generalization of monetary compensation (received for employment). It is further
I a Wage or a Salary and has the following property:

Pay: identifies the cityunits:MonetaryValue of the.€ompensation.

a type of compensation that is defined on-an hourly basis. It specializes Compensation ¥
g properties:

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

e of overtime compensation.

s a type of compensation that is defined on an annual basis. It specializes Compensation v
g property:

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

bn specifies the time during which an organization regularly conducts business (i.e. if
ition). It uses-the Recurring Event pattern (defined in ISO/IEC 5087-1) to define its operat

g event{Operation specializes a Recurring event with the following properties:

hnical;
ment in
e use of

EmploymentStatus: identifies the Employment Status of the employee.'’An employment stafus may

e-work-
tension
e code:

defined

vith the

rtimePay: identifies an additiogal\rate of pay as cityunits:MonetaryValue to be paid per hoyr in the

vith the

s hours
jon as a

eration.

— 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 N
ForProfjtOrganization rdfs:subClassOf Organization ,-\6[;
hasIndustryType only IndustryType “,l/
hasEstablishment only BusinessEstablishmeRf\’ v
GovernmentOrganization rdfs:subClassOf Organization (AQ‘U
hasProgram only service:Program
jurisdiction only city: ]urlsdlqéﬁnalArea
NonProfitOrganization rdfs:subClassOf Organization. \ O\
hasProgram only servg{:b\?{”ogram
Role rdfs:subClassOf org_S(IRcﬁ-é‘
hasGoal op@%al
hasProcess \Q\rlﬂy activity:Activity
hasResource s\\—\’?)nly resource:Resource
Goal rdfs:subClassOf x\\@ activity:State

BusinessEstablishment

N

loc:hasLocation

max 1 loc:Location

contact:hasAddress\‘\\w

only contact:Address

OrganizationAgent rdfs:subClassOf , O agent:Agent

org_s:memlqe{&‘f~ B only Organization

playsRole(" N\ only Role

hasGog\ only Goal

haéﬁ\ployment only Employment
Employment &n‘ployedAs some Occupation

% asCompensation some Compensation
%\ employedBy some Organization
09 hasEmploymentStatus only EmploymentStatus
Compensation [\?*\ hasPay max 1 cityunits:MonetaryValue
Wage \Y rdfs:subClassOf Compensation
&?\ hourlyPay max 1 cityunits:MonetaryValue
% overtimePay only cityunits:MonetaryValue

Salary rdfs:subClassOf Compensation

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

recurringevent:hasDayof Week

day, tuesday, wednesday}

max 1 {friday, monday, saturday, sunday, thurs-

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 0 org s rdfs-subPropertyQf orgAddress
siteAdd

F'ess

hourlyP

ay rdfs:subPropertyOf hasPay

overtim)

ePay rdfs:subPropertyOf hasPay

hasAnn

1alPay rdfs:subPropertyOf hasPay

hasOpenpingTime rdfs:subPropertyOf recurringevent:startTime

hasClos

ngTime rdfs:subPropertyOf recurringevent:endTime

6.11 C
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6.11.2

The key
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occupy
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has

res
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res
tha

hadGovernment: identifies the GovernmentOrganization that manages the JurisdictionalArea.

hagBylaw: identifies the bylaws in existence in the JurisdictionalArea.

ty pattern

General

bvernment organizations and administrative areas, and associated bylaws.

Key classes and properties

classes are formalized in Table 16. More genetal than a City is the concept of a Jurisdictiona
tionalArea is an abstract entity that is chardcterized not only by its location, but by the obje
t (persons, buildings, etc.), the governing body(s) it is subject to, and the activities that occu
the power to implement administrative or policy decisions (made and enacted on its beh3
ng body). A Jurisdictional Area has:the following properties:

prop:hasName: The name assigned to the Jurisdictional Area.
LandArea: identifies the(spatial area occupied by the JurisdictionalArea.

jdentPopulation: nimber of residents of the area. Note in many cases that this number

dent populationiS/determined based on the definition of a resident which is often times more
h an occupanbofan area.

r pattern combines information captured in several patterhs) specifically: the land areas occypied by

Area. A
cts that
- within
If by its

may be

inct from the population associated with the Land Area that an Administrative Area occuplies. The

specific

adrn

be distinct and can be hierarchical.
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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 Valwerestrictiomr

JurisdicfionalArea genprop:hasName max 1 xsd:string
landuse:hasLandArea only landuse:LandArea
residentPopulation max 1i72:Population
hasGovernment only org:GovernmentQrganization
hasBylaw only bylaw:Bylaw
administrativeArea only JurisdictionalArea
administrativeAreaOf only JurisdietionalArea

City rdfs:subClassOf JurisdictionalArea
legalName max Axsd:string

CityAdmpinistrativeArea rdfs:subClassOf JurisdictionalArea
administrativeAreaOf some City

6.12 Cjty Service pattern

6.12.1 |General

NOTE In some contexts (namely, computing) the,inclusion of an Application category can also be expectgd, given
that conkept of an application is closely related, to-that of a service. However, the technology-oriented concepts of
Applicatjon and Service have not been identified,as appropriate for this document. The concept of service d¢fined by
the City Pervice Pattern is more generic, as described below.

Cities provide a variety of services toresidents and businesses, including health and social services. The City
Service|pattern is based on the C4nadian Government Reference Model (CGRM).[Z! It identifies the fqllowing
concepts as a basis for understanding the services that governments provide:

— Programs: these are major city initiatives that address the needs of their constituents (citizens, [clients).
Thdy are a mandate“to achieve outcomes by delivering services. For example, ending homelessnégss.

— Seryices: these deliver outputs to clients that contribute to program outcomes. For example, pgoviding
shelters for the'homeless.

— Processes:-these are activities that deliver services. For example, homeless person registratjon, bed
allgcation, 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.

hag
has

has

A progi
activitig

act
has
has
has
has

has

Outcom|
and neg

has
gen
has
fro

has
pre

intg¢

BeneficialStakeholder: identifies the stakeholders that benefit from the program.
Input: identifies the inputs to the program.
Output: identifies the outputs of the program.

am is composed of one or more services. In turn, each services may be¢cemprised of ¢
s, inputs, outputs and outcomes. The following are the service properties;

vity:hasSubActivity: identifies more specific activities that comprise\the service.
Input: identifies the inputs to the service.

Output: identifies the outputs of the service.

Outcome: identifies the outcomes that are specific to the/service.
ContributingStakeholder: identifies the stakeholders that contribute to the service.
BeneficialStakeholder: identifies the stakeholders that benefit from the service.

es are what stakeholders experience as a result of a program or service. Outcomes capture
ative, intended and unintended results. Qutcome contains the following properties:

Indicator: identifies an i72:Indicatoerito measure to the outcome.

prop:hasDescription: identifies-a general description of the outcome as a string.
BeneficialStakeholder: jdentifies the stakeholder affected.

mPerspectiveOf: identifies the stakeholder who is determining the importance of the impag

Importance: specifies how important the impact is (e.g. high, medium, low). Its values may
cisely defined asinig the code:hasCode property.

endedImpaget: identifies the intended direction of the change (e.g. positive, negative). Its val

be inore precisely defined using the code:hasCode property.

A Stake
both. It

holder is a person or organization that either contributes to or benefits from a program or se

ifferent

positive

o

De more

les may

rvice or

has'the following properties:

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 isa type of resource: TermmalResourceState that provides a quant1tat1ve summary of an act1v1ty For

a produfction output could produce 100 meals for the homeless Bas1c elements of these outputs ard
has beeh produced and the quantity.

— usddByIndicator: identifies the indicators that use this output in determining the value|of the Ir

— 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 refere

Prograrh by classes in other patterns.

6.12.2.1 Formalization

Table 17 — Key classes in the City.Services pattern

evel 3". Or
“what”

dicator.

ce to a

Class Property

Value restriction

Prograr rdfs:subClassOf

1=}

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
hasOutput 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

nastontributingstakeholder

only StakKeholder

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:TermiinalResourceState

usedBylIndicator

only i72:Indicator

genprop:hasName

max 1 xsdistring

genprop:hasDescription

max I'Xsd:string

6.13 Copntract pattern

6.13.1 |General

A contrjct is a legal document that specifies an agreément(s) between two or more parties. The ail
Contradt pattern is not to formalize the semantics of-all possible involved legal concepts, but rather t
to reprg¢sentation of the general structure and contents of a particular contract. A Contract is defi}

type of focument and is distinct from the agreement it specifies.

6.13.2 [Key classes and properties

The key|classes and properties areformalized in Table 18 and Table 19, respectively. A Contractis a dc
with th¢ additional following properties:

— spdcifiesAgreement:ddentifies the agreement(s) that are specified by some Contract.

— hagParty: identifiesthe person(s) and/or organization(s) that are involved in the Contract.

— hagSignatoryidentifies the person(s) responsible for signing the Contract.

— hadContractualElement: identifies the decomposition of a Contract into more precise parts.

m of the
h enable
ned as a

cument

— 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.

— Wagranty: a part of the Contract that promises some indemnification ifan assertionmade in the (

is false.

A generpl hasContract property is also defined to associate other objects (e.g. serfvices, employment

Contradt object.

e at the

ontract

) with a

6.13.3 |Formalization
Table 18 — Key classes in the Contract pattern
Class Property Value restriction
Contracft specifiesAgreement some agreement:Agreement
hasParty min 2 (person:Person or org:0Organization|
hasSignatory min 2 person:Person
hasContractualElement some ContractualElement
isValidFor only time:Interval
isExecutedOn only time:TemporalEntity
ContractualElement inverse (Was€ontractualEle- some Contract

ment)

hasContractText

some xsd:string

ConditignPrecedent

tdfsisubClassOf

ContractualElement

ContracfualCommitment

rdfs:subClassOf

ContractualElement

specifiesAgreement

some agreement:Agreement

ContracfualDefinition rdfs:subClassOf ContractualElement
NonBinglingTerm rdfs:subClassOf ContractualElement
Represgntation rdfs:subClassOf ContractualElement
Warranty rdfs:subClassOf ContractualElement
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)

b) Amending bylaws, which reflect material changes, in principle or substance, to an existing bylay

c¢) Reyision bylaws, which reflect limited changes to an existing bylaw.

Ma

6.14.2

Ac

materials. They wish to know what restrictions existing on the handling, storage and manufact
hazardous materials. The various search mechanisms are able to precisely find the informatio

byl

profvides the appropriate tagging of the information.

Ah
are
byl

lawjamongst the myriad of information found.

6.14.3

The keyj classes are formalized in Table 20. Thie:core concept of the Bylaw pattern is Law, of which
is a spdgcific type. Its properties decomposge a Law into conceptually relevant components that
connectlion with other city concepts. The following are a Law’s properties:

gerlprop:name: identifies a shartname for the Bylaw, to be used in other descriptions to refer to

leg
leg

abdtract: specifieSabrief statement of the Law purpose. The range is a xsd:string.

keywords: identifies keywords used to categorize the Law for search purposes. The range ig

mo

leg

n bylaws;

Use cases

mmercial organization operating within the city is considering storing\0r'manufacturing ha

w explicitly specifies the resources or activities or both that arethe focus of the bylaw, as the

bmeowner in the city wishes to remove a tree for their ptoperty. They wish to know wheth
any restrictions regarding tree removal. They use their'favourite search engine to find the
hw as the bylaw was tagged using the pattern, making'it easy for the search engine to find the

Key classes and properties

slationJurisdiction: identifies the jurisdiction that enacted the Law.

slationldentifier:specifies a unique identifier for the bylawLaw. The range is a xsd:string.

e xsd:string.

slationLegalForce: specifies whether the Law is currently in force, not in force or partially

v; and

zardous
uring of

h as the

pattern

er there
relevant
relevant

O Bylaw
support

he Law.

zero of

n force.

hasDefinition: words or phrases that are defined to have a specific meaning within the context of the
Law. The range is restricted to Definition.

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

legislationDate: date which the Law is officially adopted/signed by the legislationJurisdiction city:
JurisdictionalArea.

datePublished: date the Law is officially published.

datelnEffect: date after which the Law is in effect.
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— expires: date on which the Law expires.

— has

— has

Clause: clauses that make up the body of the Law. Restricted to Clause.

PenaltyClause: 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.

— has

the

— has
of t

A Bylaw
— leg
— leg

RepealClause:clauses-that specifv all nrevigus Laws that deal with subiects that are addressed in
o T Y i T

new bylaw are required to be either repealed or amended.

Schedule: schedules that are attached to the Law and are referenced by the Law. A Schedul
he Bylaw.

is a type of Law put in place by city. It adds and specializes with the followingproperties:
slationjJurisdiction: identifies the city:City that enacted the Bylaw.

slationType: type of bylaw chosen from bylawMain, bylawAmending-or bylawRevision.

— im

JurisdictionalArea, and/or Activities.

A Main

— leg
An Amsg
— leg
— leg
A Revis
— leg
— leg
A Defin
— ger
— ger
— paj

A Claus

acts: who and/or what is impacted by the Bylaw. Restricted to Person, Organization, LandAry

ylaw is a subclass of Bylaw and has the following additionalproperties:
slationType: value bylawMain

ndingBylaw is a subclass of Bylaw and has the folldwing additional properties:
slationChanges: the Bylaw that is being amended.

slationType: value bylawAmending.

onBylaw is a subclass of Bylaw andcas the following additional properties:
slationChanges: the Bylaw thatis being amended.

slationType: value bylawRevision.

prop:hasName;the formal term being defined. It is an xsd:string.
prop:hasDeseription: the definition of the genprop:hasName.
twhole:properPartOf: the law that the definition is a part of.

b jsa 'statement of a rule, provision, requirement, etc. that is part of the body of the Bylaj

b is part

ea, Ccity:

tion concept that specifies the defined terms used in the Bylaw. It has the following properties:

v, or its

schedul

s, penalties, etc. It has the following properties:

— 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 Formratization
Table 20 — Key classes in the Bylaw pattern
Class Property Value restriction
Law genprop:hasName only xsd:string
legislation]urisdiction max 1 city:JurisdictionalArea
legislationldentifier max 1 xsd:string
abstract max 1 £sdstring
keywords onlyxsd:string
legislationLegalForce ofaly {InForce, NotInForce, PartiallyIn-
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
hasSeveranceClatuse only Clause
hasTransition€lause only Clause
hasRepealClause only Clause
hasSchedule only Schedule
Bylaw rdfs:subClassOf Law
legislationJurisdiction max 1 city:City
legislationType only {mainBylaw, amendingBylay, revi-
sionBylaw}
impacts only (person:Person or org:Orgarjization
or landuse:LandArea or city:
JurisdictionalArea or activity:Activity)
MainBy|aw 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}

hasClause only Clause
partwhole:properPartOf exactly 1 (Law or Clausg)

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 1)Law

6.15 Copntact pattern

6.15.1 |General

Contact{information is relevant for a range of concepts in the\¢ity domain. For example, a building dan have

an assofiated address. Similarly, a person or an organization can have a contact address (or phone humber,

email adldress, etc.). A person’s contact address can differfrom their place of residence.

Rather {
general

6.15.2

The key
accomn
concept

location.

The Add

— has
def

— has

han define these attributes separately for pérsons, organizations, etc., it makes sense to cap
concepts associated with contact information in a separate pattern.

Key classes and properties

F classes are formalized in«Table 21. Both Address and PhoneNumber classes are desi

fure the

bned to

odate international versiens: In addition to drawing from the iContact ontology, the patterm reuses

s from the Spatial Location pattern (defined in ISO/IEC 5087-1) to associate an address

[ress Class has the following properties:

AddressType:Specifies the type of address, e.g. home, work. The values for AddressType
ned more-precisely with the use of the code:hasCode property.

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

with a

may be

— minpStreetNumber: a subproperty of hasStreetNumber, specifies the minimum street numb

br of an

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

— maxStreetNumber: a subproperty of hasStreetNumber, specifies the maximum street number of an
address in the case that it is defined with a street number range.

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

— hasStreetType: specifies the type of the street for the address, e.g. road, drive. The values for StreetType
may be defined more precisely with the use of the code:hasCode property.

— hasStreetDirection: specifies the direction of the street for the address, e.g. east, west. The values for
StreetDirection may be defined more precisely with the use of the code:hasCode property.

© ISO/IEC 2024 - All rights reserved
31


https://standardsiso.com/api/?name=000d1424819b1f80899b0ba5fa2f666a

ISO/IEC 5087-2:2024(en)

— 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.

— has

— has

PostalCode: specifies the zip or postalcode for the address.

Country: specifies the country for the address. The values of Country may be definedmiere pirecisely

with the use of the code:hasCode property. Use of the ISO 3166-2 alpha-2 2 letter country|code is
recpmmended.
— locjhasLocation: specifies the geospatial representation of the location of the address.
The PhqneNumber class has the following properties:
— hagCountryCode: specifies the country code for the number.
— hagAreaCode: specifies the area code for the number.
— hagPhoneNumber: specifies the remaining digits of the number after the area code.
— hagPhoneType: specifies the type of phone number, e.g. ¢ell phone, home phone, etc. PhoneTypg 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
Addresq hasAddressType only AddressType
hasStreetNumbér max 1 xsd:string
minStreetNumber max 1 xsd:string
maxStreetNumber max 1 xsd:string
hasStfeet 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
L Lt C 43 1 Aeciisd
uaouu,_y JUCLIUIT TITAA 1T " ASU.OLTL llls
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 Sensors pattern

6.16.1 |General

NOTE Sensors are included in the city-level of the ISO/IEC 5087 series (this docuthent) due to thejir broad
relevande across city services. Actuators and other categories of knowledge specific/to Control systems| are not

currently identified as relevant for multiple services and so are not included in this docunént.

The Serjsors pattern is included in this document due to the importance-of data collection for all

manner

of city gervices. Data collection efforts take various form, whether through manual canvassing or|the use
of sensg@rs. With a growing access to the Internet of Things, data from*available sensors will confinue to

expand| likely to include observations about persons, vehicles, and-8g on. It is important to not only

the coll¢cted data, but also the source of the observations.

The repfesentation of sensors shall conform to the ontology specified in The W3C Recommendation “
(Semantic Sensor Network) Ontology”.[e] It is included in its ehtirety with the prefix ‘ssn’. The W3C's

capture

[he SSN
fandard

ontologl for sensors and their observations, the SSN (Semantic Sensor Network) Ontology, accessgd from
https://www.w3.org/ns/ssn/ shall be used in the context of this document.
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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 applcatiqn areas
identifi¢d include: “urban and landscape planning; architectural design; tourist and, leiSure adtivities;
3-dimensional cadastres; environmental simulations; mobile telecommunications; digsaster management;
homelapd security; vehicle and pedestrian navigation; training simulators and{mebile robotigs.” It is
intendef to capture the data necessary to generate 3-dimensional portrayals in appropriate tools, pfoviding
not only geometry but data regarding surface characteristics and objects of ifaterest (e.g. buildingp, water
bodies)|Data mappings between related terms are identified and summarized in Table A.1.

A.1.2 [Relevance

Although the purpose of CityGML is to support the capture andexchange of 3-dimensional city [models,
the thegnatic extension modules of CityGML capture informatiotyon city objects and so are relevant to this
document.
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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 for addresses.
Many of the properties identified for a contact:Address
have correspondences with xAL elements (though

there are no formal definitions, so precise mappings
arenot ?nccihln) ”nurnwnv‘ thex AL -Address-element

itself defines an address as a free format in confrast
with the properties specified for contact:Addrefs.

CityGML also associates a MultiPoint geometrywith an
Address object via the multiPoint property. Simjilar-
ly, contact:Address is also associated to a geometry
through the loc:hasLocation property. Howeveyj it is
not restricted to multipoint geometries.

building

:Building

Building

The CityGML representatien-captures differentfparts of
a building such as structural elements and logidal sub-
divisions, whereas building:Building’s focus is qn units
(as these are central-to representing occupancy)). Both
describe a number of physical characteristics, spch as
the number of floors (storeys). CityGML introdyces a
property for)a building’s function and usage, whereas
building:Building only identifies building:Build|ngUse.
building:Building also identifies construction-rg¢lated
information such as relevant contruction codes|and
canstruction status. The intended meaning of the
terms is generally aligned though neither one i a spe-
cialization (or generalization) of the other.

landuse

LandArea

LandUse

LandUse objects are areas that (are identified t¢) have
specific physical and biological uses/characteriptics.
ISO/IEC 5087-2 defines LandArea in a similar way.

The LandUse class distinguishes between assodiated
functions (intended purposes) and uses (actualfuses)
of the land area, whereas landuse:LandArea spgcifies a
single property for land use that can capture bdth use
and function (depending on the classification system
used).

landuse

LandUse

L'anndUseFunctionValue,
LandUseUsageValue

The land use classification of some area is reprgsent-
ed with the LandUse class in ISO/IEC 5087-2. A given
classification system may identify intended usef actual
use, or both. It is identified with code lists for LandUse-
FunctionValue and LandUseUsageValue in CityML.
The main distinction between these approaches is

that the LandUse class supports a more detailed
representation with possible extensions to defihe the

claccificatiaon SYSEOIMRS; and-mere-detailedinformation

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 transinftras:Bridge defines Blridge-

Segments.

Overall, the Tunnel term in CityGML pravjides amore
detailed definition than that of transinfras:Tunnel. It
specifies more specific properties{e.g. relating [to the
tunnel’s usage, construction matetials) that are|not
captured in ISO/IEC 5087-2. Despite this, transinfras:
Tunnel identifies a relation§hip between a tunngl and
a transinfras:Travelled WagSegment that it supfjorts;
nothing comparable is<captured in CityGML.
Both terms specifya-decomposition - CityGML Hefines
TunnelParts, whiletransinfras:Tunnel defines Tun-
nelSegments,

transinfras:Tunnel Tunnel

bections
, there
m-

n

ents.

il

transinfras:RailLine Railway In CityGML, Railways are associated with Inter
and subdivided into Sections. In ISO/IEC 5087-2
is no specification of intersections, but the deco
positon is more detailed, distinguishing betwee

transinfras:RailLinks and transinfras:RailSegn{
CityGML specifies detailed attributes such as r3

function and use that are not included in ISO/IE
2. The terms are closely related but neither one
specialization (or generalization) of the other.

C 5087-
is a

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

transinfras:RoadLinks and transinfras:RoadSeg

CityGML specifies detailed attributes such as ra
function and use that are not included in ISO/IE
2. The terms are closely related but neither one
specialization (or generalization) of the other.

ions

, there
m-

n
Fments.
ad

C 5087-
is a

A.2 INSPIRE

A2.1

The INS E_dire e saimed at suppg g aring o o-spatial-data ou
EU, particularly data that can have an impact on the environment. INSPIRE aims to create an infra

out the

structure

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 Relationship
term
landusefLandArea CadastralParcel The CadastralParcel term in INSPIRE is a specializg-

tion of LandArea as defined in ISO/IEC 50872y INSPIRE
describes the CadastralParcel as “...a single area offEarth
surface (land and/or water), under homogeneous rfeal
property rights and unique ownership,'\real propeifty
rights and ownership being defined by national lay.”[11]

In the context of ISO/IEC 5087-2, al.andArea is a g¢neric
representation of an identified-.region of land (posgibly but
not necessarily with uniqué\ownership).
CadastralParcel has an-associated cadastral referepce and
optional portrayal attributes, whereas a LandArealdoes
not. Both terms haye.some associated geometry arnld area.

landusetLandArea CadastralZoning The CadastralZening term in INSPIRE is a specialijation of
LandArea asydefined in ISO/IEC 5087-2. INSPIRE dgscribes
the CadastralZoning as “the intermediary areas (sfich as
municipalities, sections, blocks, ...) used in order td divide
national'territory into cadastral parcels.”[11] In thel context
of ISO/IEC 5087-2, a LandArea is a generic represeftation
of ah identified region of land. Different levels of LgndAr-
eas may be defined, but no distinction is made betyveen
them. CadastralZoning has an associated cadastral zoning
reference and optional portrayal attributes wheregs a
LandArea does not. Both terms have some associafed
geometry and area.

city:JurisdictionalArea |AdministrativeUnit The AdministrativeUnit in INSPIRE represents thelspatial
area itself, whereas the city:Jurisdictional Area clags rep-
resents the abstract entity that has jurisdiction over the
spatial area. In other words, the INSPIRE Administjrative-
Unit corresponds to the landuse:LandArea defined|for a
city:Jurisdictional Area.
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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

SYSTeIs.

INSPIRE provides a generic structure (LandCoverNomen-
clature) for definining classification codes whereag ISO/
IEC 5087-2 does not. INSPIRE distinguishes betwe¢n vec-
tor and raster land cover representatigns whereas|{[SO/IEC
5087-2 does not. In ISO/IEC 5087-2 land cover classes are
associated with LandAreas in the’same way as langl use
classes are assigned to areas. INSPIRE captures laijd over
as observations and associatés-an observation datg. It al-
lows for the specification of'a*‘covered percent” where in
ISO/IEC 5087-2 it is assumed that the land cover is|defined
to completely cover théidentified area of land.

landuse
landuse

LandArea,
hasLandUse

ExistingLandUseObject,
ExistingLandUseSample,
ExistingLandUseGrid,
ZoningElement

ISO/IEC 5087-2 provides a generic approach to repfe-
senting land use{Two land use classification systerps are
currently ineluded, but it is intended to be easily ejftended
with others.INSPIRE requires the use of the HILU(S (Hier-
archical INSPIRE Land Use Classification System), but also
allows for the specification of other classification systems.

INSPIRE clearly distinguishes between Land Use apd Land
Cover, whereas ISO/IEC 5087-2 does not, allowing for clas-
sification systems that combine the two notions.

ISO/IEC 5087-2 describes land use with the property
hasLandUse that is associated to a LandArea. INSP[RE
introduces different classes (geometries) to repregent Ex-
isting Land Use, Sampled Land Use, Gridded Land (se, and
Planned Land Use (zoning). Existing, Sampled and [Gridded
Land Use are not identified explicitly in ISO/IEC 5087-2
but can be captured with different spatial representations
of the area being described.

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

building

:Building

AbstractBuilding, Buildin-
gAndBuildingUnitInfo,

In INSPIRE, AbstractBuilding (subclass of AbstractCon-
struction): allows for the representation of buildings and
building parts. Like the Building class in ISO/IEC 5p87-2, it
captures information such as building use and dwdllings,
but represents only a count of these features, wherjeas
building:Building represents the actual relationships (e.g.
between a person and a dwelling).

INSPIRE SUpports extended representations ot 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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