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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been

established has the right to be represented on that committee. International organizations
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft International Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of normative document;

— an ISOQ Publicly Available Specification (ISO/PAS) represents an agréement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb
of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréeement between the members of a techn
commiittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationpl Standard or be withdrawn.

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of pat
rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

IISO/TS 19103 was prepared by-~Fechnical Committee ISO/TC 211, Geographic information/Geomatics.
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Introduction

This Technical Specification of the ISO geographic information standards is concerned with the adoption and
use of a conceptual schema language (CSL) for developing computer-interpretable models, or schemas, of
geographic information. Standardization of geographic information requires the use of a formal CSL to specify
unambiguous schemas that can serve as a basis for data interchange and the definition of interoperable

se

vices. An important goal of the ISO geographic information standards is to create a framewo
a interchange and service interoperability can be realized across multiple implementation\.eny

k in which
ironments.

The adoption and consistent use of a CSL to specify geographic information is of fundamental importance in

ac

Th
reg

sp
UM

ieving this goal.

bre are two aspects to this Technical Specification. First, a CSL must be, ‘sélected that
uirements for rigorous representation of geographic information. This Technigcal Specification id

cification of geographic information. Secondly, this Technical Specifieation provides guidelin
L should be used to create geographic information and service maodels that are a basis for ac

go
0]

mgpping to encoding schemas as defined in ISO 19118, :as well as a basis for creating impl¢

Sp

| of interoperability.
goal of the ISO geographic information standards using UML“models is that they will provide

cifications for implementation profiles for various environments.

meets the
bntifies the

cofnbination of the Unified Modeling Language (UML) static structure diagram’with its associa’ted Object
Conxstraint Language (OCL) and a set of basic type definitions as the conceptual schema la

guage for
s on how
hieving the

A basis for
ementation
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TECHNICAL SPECIFICATION

ISO/TS 19103:2005(E)

Geographic information — Conceptual schema language

1 Seope

This Technical Specification provides rules and guidelines for the use of a conceptual schema langyage within
thg 1SO geographic information standards. The chosen conceptual schema language is the Unifiegd Modeling
Language (UML).

This Technical Specification provides a profile of the Unified Modeling Language (UML) for use with
gedgraphic information. In addition, it provides guidelines on how UML should be-used to create standardized
gedgraphic information and service models.

2 | Conformance

Anl conceptual schema written for a specification, including avprofile or functional standard, that claims

comformance with this Technical Specification shall pass all ef.the requirements described in the a

sui
md

3

Th
refi
do
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4.1

del in the source language into an equivalent model inAJML and that this model in UML is confor|

Normative references

following referenced documents are-indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
tument (including any amendments)/applies.

W

D 19101:2002, Geographic Jnformation — Reference model

D/IEC 19501:2005, Information technology — Open Distributed Processing — Unified Modeling
L) Version 1.4.2

Terms, definitions and abbreviations

ISO/TS 19103 terms

bstract test

fe in Annex A. Non-UML schemas shall be considered ¢onformant if there is a well-defined mapping from a

mant.

For dated
referenced

Language

Fo

the purposes of this rlnmlmnn’r, the fnlln\A/ing terms and definitions apply

41

A

application
manipulation and processing of data in support of user requirements

[1SO 19101]

41

2

application schema
conceptual schema for data required by one or more applications

[ISO 19101]

© 1SO 2005 - All rights reserved
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413

conceptual model

model that

defines concepts of a universe of discourse

[ISO 19101]

414

conceptual schema
formal description of a conceptual model

[1SO 1910

[m -

41.5

data type
specificat
EXAMPLE
NOTE
4.1.6
domain
well-define

NOTE

41.7
feature
abstractior

[ISO 1910

NOTE 1
is meant.

NOTE 2

on of a value domain with operations allowed on values in this domain
Integer, Real, Boolean, String, Date and SG Point (conversion of data into a series of codes).

Data types include primitive predefined types and user-definable types.

d set

Domains are used to define the domain set and range set of attribGtes, operators and functions.

of real world phenomena

[a—

A feature may occur as a type or an instance. Feature type or feature instance should be used when only

In UML 18] a feature is a property, such as operation or attribute, which is encapsulated as part of a list with

classifier, sdich as interface, class or data type-:

41.8

feature association

relationshi
[ISO 1910

NOTE 1

b that links instances of one feature type with instances of the same or a different feature type

J

A featuré.association may occur as a type or an instance. Feature association type or feature associa

instance is yised when only one is meant.

NOTE 2

Féature associations include aggregation of features.

pne

ion

41.9

feature attribute
characteristic of a feature

[1SO 19101]

NOTE 1

NOTE 2

A feature attribute has a name, a data type, and a value domain associated to it. A feature attribute for a
feature instance also has an attribute value taken from the value domain.

A feature attribute may occur as a type or an instance. Feature attribute type or feature attribute instance
should be used when only one is meant.

© I1SO 2005 — All rights reserved
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4.1.10
feature operation
operation that every instance of a feature type may perform

[1SO 19110]

EXAMPLE 1 An operation upon a “dam” is to raise the dam. The result of this operation is to raise the level of water in
a reservoir.

EXAMPLE 2 An operation by a “dam” might be to block vessels from navigating along a “watercourse”.

NQTE Feature operations provide a basis for feature type definition.
4111
mdtadata

dafa about data
[ISP 19115]
4.1.12

mgtadata element
disgrete unit of metadata

[ISPp 19115]

NQTE 1 Metadata elements are unique within a metadata entity.
NOTE 2  Equivalent to an attribute in UML terminology.

4113

schema

formal description of a model

[ISPp 19101]

4114

sefvice

distinct part of the functionality:that is provided by an entity through interfaces
[ISP/IEC TR 14252]

4115

value domain

sef of accepted/Values

EXAMPLE The range 3-28, all integers, any ASCII character, enumeration of all accepted values (green, plue, white).

4.2—UYhMiterms
The following are UML terms that are adapted from ISO/IEC 19501.
4.21
actor

coherent set of roles that users of use cases play when interacting with these use cases

NOTE An actor may be considered to play a separate role with regard to each use case with which it communicates.

© 1SO 2005 - All rights reserved 3


https://standardsiso.com/api/?name=2cedbf6bbc2a457ac57b06aa53847f6a

ISO/TS 19103:2005(E)

422

aggregation

special form of association that specifies a whole-part relationship between the aggregate (whole) and a
component part

NOTE See composition.
423

association
semantic relationship between two or more classifiers that specifies connections among their instances

NOTE A binary association is an association among exactly two classifiers (including the possibility of an assoCiafion
from a clasgifier to itself).

424
attribute
feature within a classifier that describes a range of values that instances of the classifier may hold

NOTE 1 An attribute is semantically equivalent to a composition association; however, the intent’and usage is normally
different.

NOTE 2  [‘Feature” used in this definition is the UML meaning of the term and is not'meant as defined in 4.1 of this
Technical Specification.

4.2.5
behaviour
observablg effects of an operation or event, including its results

4.2.6
cardinality
number oflelements in a set

NOTE Contrast: multiplicity.

4.2.7
class
descriptior] of a set of objects that share the same attributes, operations, methods, relationships
semantics

nd

o)

NOTE A class may use a set (of jinterfaces to specify collections of operations it provides to its environment. See:
interface.

4.2.8
classifier
mechanism that describes behavioural and structural features

NOTE Classifiers include interfaces, classes, datatypes, and components.
4.2.9
component

modular, deployable, and replaceable part of a system that encapsulates implementation and exposes a set of
interfaces

NOTE A component represents a physical piece of implementation of a system, including software code (source,
binary or executable) or equivalents such as scripts or command files.

4210

composition

form of aggregation which requires that a part instance be included in at most one composite at a time, and
that the composite object is responsible for the creation and destruction of the parts

4 © I1SO 2005 — All rights reserved
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NOTE Parts with non-fixed multiplicity may be created after the composite itself, but once created they live and die
with it (i.e. they share lifetimes). Such parts can also be explicitly removed before the death of the composite. Composition
may be recursive. Synonym: composite aggregation.

4.2.11
constraint
semantic condition or restriction

NOTE Certain constraints are predefined in the UML, others may be user defined. Constraints are one of three
extensibility mechanisms in UML. See: tagged value, stereotype.

212

dependency
relationship between two modeling elements, in which a change to one modeling element-(the independent
ent) will affect the other modeling element (the dependent element)

213

geheralization
taxonomic relationship between a more general element and a more specificielement that is fully|consistent
with the more general element and contains additional information

NQTE An instance of the more specific element may be used where the ‘more general element is allowed. See:
inhgritance.

.14

inheritance
mechanism by which more specific elements incorporate structure and behaviour of more genergl elements
related by behaviour

NQTE See generalization.
4.215
ingtance

NOTE See: object.
4.216
interface

megtamodel
mddel that defines the language for expressing a model

.18
method
implementafion of an operation

NOTE It specifies the algorithm or procedure associated with an operation.
4219

multiplicity

specification of the range of allowable cardinalities that a set may assume

NOTE Multiplicity specifications may be given for roles within associations, parts within composites, repetitions and
other purposes. Essentially a multiplicity is a (possibly infinite) subset of the non-negative integers. Contrast: cardinality.

© 1SO 2005 - All rights reserved 5
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4.2.20
object
entity with a well-defined boundary and identity that encapsulates state and behaviour

NOTE State is represented by attributes and relationships, behaviour is represented by operations, methods and
state machines. An object is an instance of a class. See: class, instance.

4.2.21
operation
service that can be requested from an object to affect behaviour

NOTE 1 An operation has a signature, which may restrict the actual parameters that are possible.

NOTE 2 [Definition from UML Reference Manual: A specification of a transformation or query that an object-may| be
called to exgcute.

NOTE 3  [|An operation has a name and a list of parameters. A method is a procedure that impleménts an operation. It
has an algofithm or procedure description.

4.2.22
package
general purpose mechanism for organizing elements into groups

NOTE Packages may be nested within other packages. Both model elements and diagrams may appear in a
package.

4.2.23
refinemeIT

relationshiip that represents a fuller specification of somethifng that has already been specified at a certain
level of defail

NOTE For example, a design class is a refinement of an“analysis class
4.2.24
relationship

semantic gonnection among model elements

NOTE Kinds of relationships include”association, generalization, metarelationship, flow and several kinds grouped
under depepdency.

4.2.25
specificatjon
declarativg description of what something is or does

NOTE Contrast: implementation.

4.2.26

stereotyp

new type Wmm.

NOTE Stereotypes must be based on certain existing types or classes in the metamodel. Stereotypes may extend

the semantics, but not the structure of pre-existing types and classes. Certain stereotypes are predefined in the UML,
others may be user defined. Stereotypes are one of three extensibility mechanisms in UML. The others are constraint and
tagged value.

4.2.27
tagged value
explicit definition of a property as a name-value pair

NOTE In a tagged value, the name is referred as the tag. Certain tags are predefined in the UML; others may be user
defined. Tagged values are one of three extensibility mechanisms in UML. The others are constraint and stereotype.

6 © I1SO 2005 — All rights reserved
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4.2.28

type

stereotyped class that specifies a domain of objects together with the operations applicable to the objects,
without defining the physical implementation of those objects

NOTE A type may have attributes and associations.

4.2.29
value
element of a type domain

NOTE™ A value may consider a possible state or an object within a Class or type (aomain).

NOTE 2 A data value is an instance of a data type, a value without identity.

4.3 Abbreviations

AP Application Programming Interface

CASE Computer Aided Software Engineering
CQRBA Common Object Request Broker Architecture
CSL Conceptual schema language

CSMF Conceptual Schema Modeling Facility

DJOM/OLE  Distributed Compound Object Model/Object.Liinking and Embedding

GHM General Feature Model

odL Object Constraint Language
onoMG Object Database Management.Group
OMG Object Management Group
ogpP Open Distributed Processing
onBC Open Database-€onnection
SRS Spatial Reference System
UML Unified Modeling Language
url Uniform Resource Locator
XML Extended Markup Language
XMI XML Metamodel Interchange

5 Organization

This Technical Specification contains a UML Profile which provides modeling guidelines for how to use UML
for modeling compliant with the ISO geographic information standards.

The main technical content of this Technical Specification is found in Clause 6. An introduction to the general
usage of UML is given in 6.1 and 6.2. The description of classes and attributes in 6.3 and 6.4 is based on
general rules for UML. Data types described in 6.5 are developed for this Technical Specification, as standard
UML does not prescribe the use of specific data types. More information on the necessary precision level of
UML models required by this Technical Specification is provided in 6.6, 6.7 and 6.8. The conventions for
defining optional attributes and associations are described in 6.9. Naming rules are described in 6.10.

© 1SO 2005 - All rights reserved 7
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Annex A describes an abstract test suite for checking that UML models are made according to the rules of this
Technical Specification.

An introduction to conceptual schema languages can be found in Annex B, and a set of modeling guidelines

for both information modeling and service modeling can be found in Annex C. The general UML as defined in
ISO/IEC 19501 is briefly described in Annex D.

6 The ISO/TS 19103 UML Profile

6.1 Intrpduction
This clausg provides rules and guidelines on the use of UML within the field of geographic infarmatior|. It
defines spgcific aspects for the use of UML compliant with the ISO geographic information standards. If is
based on general UML as defined in ISO/IEC 19501 (Annex D). Annex D follows the same siructure as this
clause, to make it easy to refer to the relevant standard UML concepts.
The subclguses are structured as follows:

— General usage of UML

— Classg¢s

— Attribdtes

— Data types

— Opergtions

— Relatipnships and associations

— Stereotypes and tagged values

— Optional, conditional and mandatory attribUtes and associations
— Naming and name spaces

— Packgges

— Notes

— Constfaints

—  Docurpentation of models

6.2 Generalusage of UML
UML (The Unified Modeling Language) shall be used in a manner that is consistent with ISO/IEC 19501.

NOTE Books, such as “UML User Guide” [l and “UML Reference Manual” 2] contain further information. The book
“UML Distilled” ! is a shorter introductory text.

All normative class models shall contain complete definitions of attributes, associations, operations and
appropriate data type definitions. Other kinds of UML diagrams may also be used as normative models. It is
the need for this completeness that makes it necessary to define this UML profile, as UML in general can be
used on various levels of precision and completeness.

8 © I1SO 2005 — All rights reserved
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6.3 Classes

A class according to this Technical Specification is normally viewed as a specification and not as an
implementation. Attributes are considered abstract and do not have to be directly implemented (i.e. as fields in
a record or instance variables in an object). This is not in conflict with the process of encoding as described in
ISO 19118, as this describes an external representation that does not have to be equivalent to the internal
representation.

For this reason, conceptual schemas adhering to this profile of UML shall stereotype all classifiers as
<<Type>> unless they specifically intend to specify internal representation.

NOTE
be jassumed to be abstract for conceptual schemas adhering to this profile of UML unless the schema-in.wh
deflned specifically states otherwise.

Fof each class defined according to this Technical Specification, the set of attributesidefined with
together with the sets of attributes of classes that are reachable directly or indirectly ‘'via association

su

Usg of multiple inheritance is an issue in many implementation environmeéents and can cause [
hamdled improperly in those environments. For this reason, the use“of multiple inheritance

mifimized or avoided unless it is a fundamental part of the semanticsof the type hierarchy. If
schema adhering to this UML profile shall not require that the implementation classes realizing the
specified types replicate the inheritance model of the types.

6.4 Attributes

Attfibutes are used according to standard UML (see D:4):

6.5 Data types

6.9.1 General considerations

The classes and templates (parameterized types) defined in this clause are those that are usually

the

of

for
md

Th

c)

Classifiers specified as <<DataType>> (lacking identity) are not usually assumed to be types i\l

icient to fully support the implementation of each operation defined for this particular class.

development environment’s data-definition language. Each of these types can be represented
ogically equivalent forms. Theones presented here are not meant to restrict the usage of other
ms native to the chosensdevelopment environment. ISO/IEC 11404 presents an equivalent dg
st of the types and templatés presented here.

b basic data types have been grouped into three categories, as shown in Figure 1:

Primitive typ€s: Fundamental types for representing values, examples are CharacterStrin
Boolean;-Date, Time, etc.

Implementation and collection types: Types for implementation and representation structures

are*Names and Records, and types for representing multiple occurrences of other types, exd
oAt o

Saociann~n

VIL, but may
ch they are

this class,
s, shall be

roblems if
should be
used, the
standards

defined by
n a variety
equivalent
pfinition for

g, Integer,

examples
mples are

ot Ro
oCtoay

Derived types: Measure types and units of measurement.

The basic types are defined as abstract types, class name in italic, and appropriate representations will be

de

fined by implementation and encoding mappings for the various subtypes.

The repertoire of basic data types is described in 6.5.2 - 6.5.7.

©l
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1] ] I

Primitive Implementation Derived
(from Basic Types) (from Basic Types) (from Basic Types)

1] ] [ 1]

<<lLeaf>> <<Leaf>> <<Leaf>>
Numerics Collections Units of Measure
(from Primitive) (from Implementation) (from Derived)

] [ ]

<<Leaf>> <<Leaf>>
Text Records
(from Primitive) (from Implementation)

1] 1

<<Leaf>> <<Leaf>>
Date and Time Names
(from Primitive) (from Implementation)

1]

<<Leaf>>
Truth
(from Primitive)

]

<<Leaf>>
Enumerations
(from Primitive)

1

<<Leaf>>
Multiplicities
(from Primitive)

Figure 1 — The basic data types

10 © 1SO 2005 — All rights reserved
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6.5.2 Primitive types

6.5.2.1 General

Figure 2 provides an overview of the primitive types to be described next. Figure 3 provides an overview of the
numeric types. Together with the class diagrams in the accompanying figures and the text of those figures, the
content in each of the packages is described in 6.5.2.1 — 6.5.2.14.

+ Prabability

Figure 2 — Primitive types

] ] ]

<<lLeaf>> <<Leaf>> <<lLeaf>>
Numeric Date and Time Enumerations

+ Decimal + DateTime + Sign

+ Vector + Date + Digit

+ Real + DatePrecision + Bit

+ Number + Time

+ UnlimitedInteger

+ Integer

1] 1] ]
<<Leaf>> <<Leaf>> <<Leaf>>
Text Truth Multiplicities
+ CharacterString + Boolean + Multiplicity
+ Sequence<Character> + Logical + MultiplicityRange
+ Character + Truth
+ CharacterSetCode + Discretedruth
+ LanguageCharacterString + ContinuousTruth

© ISO 2005 - All rights reserved
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<<Type>>
Number

+ =(n : Number) : Boolean
+ <>(n : Number) : Boolean <<Type>>

+ <(n : Number) : Boolean Unlimitedinteger
+ <=(n : Number) : Boolean
+ >(n : Number) : Boolean

+ >=(n : Number) : Boolean
+ +(n : Number) : Number

- {n . l\llumhnr) - Numbor

+ *(n : Number) : Number

+ /(n : Number) : Number

+ negate(): Number

+ abs(): Number

+ min(n : Number) : Number
+ max(n : Number) : Number
+ aslInteger() : Integer + vectorAdd(v Vector) : Vector

+ asReal() : Real + scalarMultiply(n; Number) : Vector
+ asString() : CharacterString

r

+ isInfinite : Boolean
+ value [0..1] : Integer

<<Type>>
Vector
+ dimension : Integer
+ coordinate : SequencegNumber>

<fType>> <<Type>> <<Type>>
Decimal Real Integer
+ asReal() : Real + floor() : Integer + div(j : Integer) : Integer
+ absoluteValue() : Real + mod(j : Integer) : Integer
+ asDecimal(length : Integer)\;'Decimal + asReal() : Real

Figure 3,— Numeric types

6.5.2.2 Number

have finite|representations, some-parts of this algebra for most types exhibits some inaccuracy. For example,
Integers cpnnot divide very well;“and reals and decimals cannot avoid certain types of inaccuracies that
depend on|their representationssemantics. Number is an abstract class.

Number is|the base type for all number data, giving the basic algebraic operations. Since all concrete tyEes

6.5.2.3 nteger

Integer is @ signed.integer number; the length of an integer is encapsulation and usage dependent. It consists
of an exacj integer-value, with no fractional part.

EXAMPLE 29, —65547.

6.5.2.4 Decimal

Decimal is a decimal data type in which the number represents an exact value, as a finite representation of a
decimal number. It differs from the common binary real implementation in that it can represent 1/10
(one-tenth) without error, while binary real representation can only represent powers of exactly 1/2 (one-half).
Since many currencies are decimal, these representations are preferred in dealing with such monies. This is
also true for mile markers, which are often given in decimals.

NOTE This differs from real, as real is an approximate value and Decimal is exact.

EXAMPLE 12,75.

12 © 1SO 2005 — All rights reserved
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6.5.2.5 Real

Real is a signed real (floating point) number consisting of a mantissa and an exponent, which represents a
value to a precision given by the number of digits shown, but is not necessarily the exact value. The length of
a real is encapsulation and usage dependent. The common binary real implementation uses base 2. Since
such reals can approximate any measure where absolute accuracy is not possible, this form of numeric is
most often used for measures. In cases were absolute accuracy is needed, such as currencies, then a
decimal representation may be preferred (assuming the currency is decimal, such as the U.S. dollar,
British pound, etc.). Where there are no subunits possible, integer numbers may be preferred. A real can be
considered as an integer part followed by a fractional part given in multiples of powers of 1/2 (halves).

EX]

6.9.2.6 Vector

Vegtor is an ordered set of numbers called coordinates that represent a position in a,ceordinate s\
cogrdinates may be in a space of any number of dimensions, as for instance in an knth degree”
spljne.

EXAMPLE (123, 514, 150).

6.9.2.7 CharacterString

A
an

EXI]

Th
prd

=

Fo
de

AMPLE 23.501, — 1234E-4, — 23.0.

CharacterString, as illustrated in Figure 4, is an arbitrary-length/sequence of characters, includi
I special characters from the repertoire of one of the adopted character sets:

ISO/IEC 10646: Universal Multi-Octet Coded Character Set (UCS), and

ISO 8859.

AMPLE “fErlige Kare sa sng for forste gang.”

vided for identification of the language of string values.

an implementation mappingzof*ta CharacterString, the handling of the following four aspects n
Cided:

1) Representation of value,
2) Representation of character set,
3) Representation of encoding, and

4) , \Representation of language.

Th

stem. The
polynomial

ng accents

b maximum length of a CharacterString;is dependent on encapsulation and usage. A language tag may be

eeds to be

s ean be handled for instance by choasing ISQ/IEC 10646

© 1SO 2005 - All rights reserved
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14

R ——

X I <<CodelList>>
<<Type>; T CharacterSetCode
Sequence +1S010646 = default

(from Collections) + 1508859
A
|
|
|
:
| <<Type>>
! Character

<<Type>>
Sequence<Character>

<<Type>>
CharacterString

+ size : Integer

/+ characterSet : CharacterSetCode = "ISO10646"
+ element[size] : Character

+ maxLength : Integer

+ isNull() : Boolean

+ =(s : CharacterString) : Boolean
+ <>(s : CharacterString) : Boolean
+ <(s : CharacterString) : Boolean
+ >(s : CharacterString) : Boolean
+ <=(s : CharacterString) : Boolean
+ >=(s : CharacterString) : Boolean
+ toUpper() : CharacterString

+ toLower() : CharacterString

+ subString(lower : Integer, upper : Integer) : CharacterString

Figure 4 — Character string

© I1SO 2005 — All rights reserved
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Date
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A date gives values for year, month and day. Figure 5 shows the Date type. Character encoding of a date is a
string that shall follow the format for date specified in ISO 8601. Encoding is further discussed in ISO 19118
and ISO 19136. Principles for date and time are further discussed in ISO 19108.

EXAMPLE 1998-09-18.
<<Type>> <<Type>>
Time Date
+ hour : CharacterString + century : CharacterString
+ minute[0..1] : CharacterString + year[0..1] : CharacterString
+ second[0..1] : CharacterString + month[0..1] : CharacterString
+ timeZone[0..1] : CharacterString + day[0..1] : CharacterString
<<Type>>
DateTime
Figure 5 — Date and Time types
6.52.9 Time

A tlme is given by an hour, minute and-second. Figure 5 shows the Time type. Character encoding pf a time is
a string that follows the ISO 8601 format. Time zone according to UTC is optional. Encoding is further
discussed in ISO 19118 and ISO 491.36. Principles for date and time are further discussed in ISO 19108.

EXAMPLE 18:30:59 or 18:30:69+01:00.

6.9.2.10 DateTime

A PateTime is a‘combination of a date and a time type. Figure 5 shows the DateTime type.| Character
engoding of aDateTime shall follow ISO 8601. Encoding is further discussed in ISO 19118 and ISO 19136.
Pripciples fof date and time are further discussed in ISO 19108.

© 1SO 2005 - All rights reserved
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6.5.2.11

Boolean

Figure 6 shows values specifying TRUE or FALSE.

EXAMPLE

TRUE or FALSE.

<<Type>>
Truth

+ truthValue() : Real

{truthValue >= 0,0}
{truthValue <= 1,0}

1

<<Type>>
ContinuousTruth

<<Type>>
Probability

<<Type>>
DiscreteTruth

+ value : Real

<<enumeration>>

<<enumeration>>

{truthValue() = value}

6.5.2.12

| ogical

Boolean Logical
+TRUE =1 + TRUE =1
+ FALSE =0 +FALSE =0
+ MAYBE =0,5

+ =(b : Boolean) : Boolean
+ or(b : Boolean) : Boelean
+ xor(b : Boolean) : Boolean
+ and(b : Boolean) : Boolean

+ implies(b :Boolean) : Boolean

+ not() : Boblean

+ =(b : Logical) : Logical

+ or(b : Logical) : Logical

+ xor(b : Logical) : Logical

+ and(b : Logical) : Logical

+ implies(b : Logical) : Logical
+ not() : Logical

Figure 6 — Truth data types

Logical is @ value specifying TRUE, FALSE or MAYBE (UNKNOWN).

6.5.2.13

Probability,

Probability

isTepresented as a number greater than or equal to 0,0 and less than or equal to 1,0.

16
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6.5.2.14 Multiplicity

Multiplicity defines the lower and upper bounds of the number of possible instances, as shown in Figure 7.

<<Type>>
Multiplicity

¢

+range 1.*

<<Type>>
MultiplicityRange {lower >=0}
+ lower : Integer = F-—----—- {upper >= lower}
+ upper : Unlimitedinteger

Figure 7 — Multiplicity

6.5.3 Collection and dictionary types

6.5.3.1 General

A ¢ollection type is a template type that contains multiple occurrences of instances of a specific type. There
arg different types of collections: set, bag and sequence. They have different semantics with regard to the
ordering of the elements and the possible operations allowed on the collection. A collection type ugually does
no{ have an upper bound, i.e. a limit on the ‘number of elements. The collection type is a template type
begause it takes a type as an argument. The'type of the element in the collection is provided as an[argument.
The maximum number of elements may be:specified as a constraint.

=

The major difference between colleetion types in this specification and in OCL is the inclusjion of the
TransfiniteSet (see Figure 8).

© 1SO 2005 - All rights reserved 17
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<<Interface>> '
TransfiniteSet

+ includes(element : T) : Boolean

+ includesAll(set : TransfiniteSet) : Boolean

+ subSet(set : TransfiniteSet) : Boolean

+ intersects(set : TransfiniteSet) : Boolean

+ equals(set : TransfiniteSet) : Boolean

+ union(set : TransfiniteSet) : TransfiniteSet<T>

+ intprqprtinn(seji:ansﬁnjijpt) - TransfiniteSet<T>

Protocols {
this super
have to be

useful to specify and analyze a set which has not'been explicitly instantiated.

+ symmetricDifference(set : TransfiniteSet<T>) : TransfiniteSet<T>
+ difference(set : TransfiniteSet) : TransfiniteSet<T>

+ isEmpty() : Boolean

+ notEmpty() : Boolean

+ contains(set : TransfiniteSet<T>) : Boolean

+ contains(element : T) : Boolean

&

<<Type>>
Collection

Figure 8 — Collectiondtype

hat do not depend upon the explicit instantiation of the membership of a set have been moved

lass level to define the behaviour of sets-of possibly infinite size. Instantiations of this set would
done implicitly, via a Boolean test, instead of by explicit enumeration of members. Sometimes it is

6.5.3.2 [Set

A Set is alfinite collection of objects, where each object appears in the collection only once. A set shall hot
contain any duplicated instances~Theé order of the elements of the set is not specified. The model for Sef is
shown in Higure 9.

The generic type to be instantiated is Set<T> where T is the data type of the legal elements.

EXAMPLE Set<GM( Point> is instantiated from the generic Set<T> where T is the data type of the legal elements

18 © 1SO 2005 — All rights reserved
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6.9.

Al

<<Type>>
Set

+ size : Integer

+ select(expr : OCL) : Set<expr.type>

+ reject(expr : OCL) : Set<expr.ty pe>

+ iterate(expr: OCL) : expr.evaluationType

+ forAll(expression : CharacterString) : Boolean
+sum(): T

+ size() : Integer

+ exists(expression : CharacterString) : Boolean
+ union(other : Bag<T>) : Set<T>

+ including(object : T) : Set<T>

+ excluding(object : T) : Set<T>

+ asSequence() : Sequence<T>

+ asBag() : Bag<T>

3.3

04"

+eleMments

Figure 9 — Collection types — Set type

Bag

shown in Figure 10.

Th

EX]

AMPLE

Bag <Integer> is instantiated from the generic Bag<T> where T is the data type of the legal el

ag may contain duplicate instances.:As with a Set, there is no specified ordering among the ele
bag. Bags are most often implementedthrough the use of proxies or reference pointers. The mode

E generic type to be instantiated is Bag<T> where T is the data type of the elements of the bag.

<<parameter>>
T

ements.

© ISO 2005 - All rights reserved
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for Bag is
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<<Type>>'----
Collection

<<Type>>
Bag

+ union(other : Bag<T>) : Bag<T>

+ union(other : Set<T>) : Bag<T>

+ asSequence() : Sequence<T>

+ asSet() : Set<T>

+ collect(expr : OCL) : Bag<expr.type>
+ excluding(object : T) : Bag<T>

+ including(object : T) : Bag<T>

+ reject(expr : OCL) : Bag<expr.type>

+ select(expr : OCL) : Bag<expr.type>

count : Integer

1

0..* +element

<<parameter>>
T

Figure 10'— Collection types — Bag type

6.5.3.4 [Sequence

A Sequenge is a Bag-like structure that orders the element instances. This means that an element may|be
repeated ih a sequence.\Sequences may be used as either lists or arrays. Arrays used in programmijng
languages| are sequences that can be directly indexed by an offset from the beginning of the sequenke.
Although lI{sts are notysemantically equivalent to arrays, the details of differences are in the implementation
and do nof] affect the polymorphic interface described here.

A sequendeds,a collection that specifies a sequential ordering between its elements. A synonym to sequence
is List. A uambﬁeqmberm—m—deﬁnEd—bﬁ—amﬂ%—mda—m—Sequm—Fﬁqu' i - i in

Figure 11.
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<<Type>>
Sequence

+ length : Integer

+ first()
+ last()

+ tail() :
+ at(position : Integer) : T

+ prepend(element : T) : Sequence<T>

+ deleteFirst() : Sequence<T>

+ deleteAt(position : Integer) : Sequence<T>
+ deletelLast() : Sequence<T>

+ asSet() : Set<T>

+ subSequence(begin : Integer, end : Integer) : Sequence<T>
+ concatenate(tail : Sequence<T>) : Sequence<T>
+ collect(expr : OCL) : Sequence<expr.type>

+ reverse() : Sequence<T>

+ append(element : T) : Sequence<T>

: Record<T, Integer = 1>
: Record<T, Integer = length>
Sequence<T>

1.7

0..1

offset : Integer |<>

T

=2

EX]
ele

<<Type>>'- - =+
CircularSequence

+ last() : NULL
+ asSequence(firstObject I T) : Sequence<T>

AMPLE
ments.

+element

Figure 11 — Collection type — Sequence type

Sequence<String> is instantiated from the generic Sequence <T> where T is the data

b generic type to be instantiated is Sequence <T> where T is the data type of the elements of thq

<<parar
1

heter>>

sequence.

type of the

Sequences can be used directly as a template type of a UML attribute, as in Sequence<T>, where T can be
any type, or as type definitions.

6.5.3.5

Dictionary

A dictionary is similar to an array, except that the lookup index for an array is expressed in integer numbers.
Although any index type (KeyType) or return type (ValueType) is acceptable, the typical use within this
Technical Specification will be to use character strings as the KeyType and numbers as the ValueType
(see Figure 12).

© ISO 2005 - All rights reserved
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' KeyType !

ValueT)
<<Type>> | /aleiype

Dictionary

+ select(key : KeyType) : ValueType

+ insert(key : KeyType) : value : ValueType) : Boolean
+ delete(key Key : KeyType): Boolean

+ keyList() : Sequence<KeyType>

<<bind>>
{KeyType, ValueType}

+elements | 0.% —_ ________,

|
|
<<Type>> ____ " O\
KeyValuePair

+ key : KeyType
+ value : ValueType

Figure 12 — Dictionary classes

6.5.4 Enpmerated types

6.5.4.1 General
Enumeratipn types
enum|{ value1, value2, value3 }

An enumefated type declaration defines a list of valid mnemonic identifiers. Attributes of an enumerated type
can take values only from-tHis list.

EXAMPLE attri\»BuildingType, where BuildingType is defined as Enum BuildingType { Public, Private, Tourist }.

6.5.4.2 Enumeration

Enumerations are modelled as classes that are stereotyped as <<Enumeration>>. An enumeration class can
contain only simple attributes which represent the enumeration values. Other information within an
enumeration class is void. An enumeration is a user-definable data type whose instances form a list of named
literal values. Usually, both the enumeration name and its literal values are declared. The extension of an
enumeration type will imply a schema modification for most implementation mappings, and one shall use
enumeration only when it is clear that there will be no extensions. If extensions are expected, the type
<<Codelist>> should be used. Example of Enumeration is shown in Figure 13.
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<<Enumeration>>
Weekday

+ Monday

+ Tuesday

+ Wednesday
+ Thursday

+ Friday

+ Saturday

+ Sunday

ISO/TS 19103:2005(E)

6.5.4.3 CodelList

Figure 13 — Example of Enumeration

CofelList can be used to describe an open enumeration. This means that it needs to‘be represented in such a
waly that it can be extended during system runtime. <<CodelList>> is a flexible ,enumeration that Uses string
values through a binding of the Dictionary type key and return values as_string types; e.g.|Dictionary
(CharacterString, CharacterString). Code lists are useful for expressing a long\list of potential valugs. If all the

ents of the list are known, an enumeration shall be used; if only the,likely values of the elgments are

knpwn, a code list shall be used. Enumerated code lists may be enceded according to an International

therefore often mnemonic. Different implementations are likely~to use different encoding schemes (with
tra slation tables back to other encoding schemes available). The chosen representatipn by an

lementation of a codelist is to represent the value/code(key) pairs as attributes with a stereotyped

<<LCodeList>> with an attribute name for each value and the’code(key) represented as an initial value. In the
cagse when only attribute names are shown, the codes’and their descriptions are equivalent. Examples of

CofelLists are shown in Figure 14.

<<Codelist>>

MD)DimensionNameType

+ row

+ column

+ vertical

+ track

+ crossTrack
+ line

+ sample

<<Codelist>>
SourceCodelist

+ Orto500 = 600
+ Orto1000 = 601
+ Orto2000 = 602

© 1SO 2005 - All rights reserved

FOrto5000="603
+ Orto10000 = 604
+ Orto20000 = 605
+ Orto50000 = 606
+ Digit500 = 610

+ Digit1000 = 611
+ Digit2000 = 612
+ Digit5000 = 613
+ Digit10000 = 614
+ Digit50000 = 615

Figure 14 — Examples of CodeLists
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6.5.5 Representation types: Record and RecordType

A Record is a list of logically related elements as (name, value) pairs in a Dictionary. A Record may be used
as an implementation representation for features (see Figure 15).

<<Type>> <<Type>>
RecordSchema Schema
> + schemaName : LocalName
+ locate(name : TypeName) : RecordType + asRecordSchema() : RecordSchema
Type - TypeName | +locatetnams TypaNams)Type——

‘ type : TypeName |

0.*
TypelList 0..* +schema
1 +description TypeList
<<Type>>
RecordType Attributes
attributeMember : MemberName }%
+ locate{name : MemberName) : TypeName
+memberType~/\1 1| +description
0..1 recordType
¥ P <<Type>>
RecordT) Type
ecort
yee >+ typeName : TypeName
+ RecordTypeRepresentation() : RecordType]
record | 0..*
<<Type>>
Record
attributeMernber : MemberName }<>
+ locdte(name : MemberName) : Any +memberValue |, 1
T
|
| <<Type>>
I Any
|

{ forEvlery n : MemberName -> locate(n).= memberValue(n)}
-- Record acts as a dictionaryon its attributes

{ forEvfery n : MemberName(=>is TypeOf.memberValue(n)(recordType.memberType(n)) }
-- the type of eachattribute is given in the associated RecordType

Figure 15 — Record types

6.5.6 Names

6.5.6.1 General

GenericName and subclasses of this are used to create a generic scoped and local name structure for type
and attribute names in the context of namespaces.

6.5.6.2 NameSpace

NameSpace defines a domain in which “names” given by character strings (possibly under local constraints
enforced by the namespace) can be mapped to objects via a getObject operation. Examples include objects
which form a namespace for their attributes, operations and associations, or schemas that form namespaces
for their included data types or classes. The model for NameSpace and Name types is shown in Figure 16.
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<<Type>>
NameSpace

+ isGlobal : Boolean
+ acceptableClassList[0..*] : TypeName = {Any}

+ name() : GenericName

+ select(name : GenericName) : Any

+ locate(name : LocalName) : Any

+ generatelD(registeredObj : Any) : LocalName

+ registerID(aName : LocalName, registeredObj : Reference<Any>) : Boolean

ar= cocaaie ed

+scope | 1
Scope

+name 0.*

<<Type>>
GenericName

+ getObject() : Any
+ parsedName() : Sequence<LocalName>

+ depth() : Integer
Z%<<Complete>>

|

<<Type>> <<Type>>
LocalName {depth = 1} ScopedName
- ———| {self = parsedName()}
+ aName() : CharacterString + head() : LocalName

+ push(new : GenericName) : ScopedName
+ scopedName() : CharacterString

% + tail() : GenericName

<<Type>> <<Type>> %heag((l){scogi)a = lscope'%} AN
push(head()).tail = se
TypeName MemberName {push(S:Scope).scope = S}

+ aName() : CharactersString + aName() : CharacterString
+ attributeType : typeName

Figure 16 — Name types

2 is either a

6.5.6.4 ScopedName

ScopedName is a composite of a LocalName for locating another NameSpace and a GenericName valid in
that NameSpace. ScopedName contains a LocalName as head and a GenericName, which might be a
LocalName or a ScopedName, as tail.

6.5.6.5 LocalName

A LocalName references a local object directly accessible from the NameSpace.
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6.5.6.6 TypeName

A TypeName is a LocalName that references either a recordType or object type in some schema. The stored
value “aName” is the returned value for the “aName()” operation. This is the type name.

6.5.6.7 MemberName

A MemberName is a LocalName that references either an attribute slot in a record or recordType, an attribute,
operation, or association role in an object instance or a type description in some schema. The stored value
“aName” is the returned value for the “aName()” operation.

6.5.7 Detived types
6.5.7.1 General
Figure 17 gives an overview of the units of measure data types that are described in the following-clauses.
<<Type>» - —---- -- conversion TolSOstandardUnit is not null
UnitOfMeasure only of the conversion,is*a simple scale
+/luomName : CharacterString
+|luomSy mbol : CharacterString .
. +subunit
+|measureType : MeasureTy pe xType>>
+|nameStandardUnit[0..1] : CharacterString 0..1 SubUnitsPerUnit
+|scaleToStandardUnit[0..1] : Real . ) factor - Numb
+|of f setToStandardUnit[0..1] : Real 0.. + factor : umber
+|formula[0..1] : CharacterString
+|convert ToStandard(m : Measure) : Measure oo 11i <<CodelList>>
+|convert FromStandard(m : Measure) : Measure | "0~ UnitOfMeasure StandardUnits
+[convert To(m : UnitOf Measure) : Measure i + meter
+[convert From(m : Measure) : Measure + second
+ radian
+ square meter
| | | [ + cubic meter
<<Typg>> <<Type>> <<Type>> <<Type>> * mette;s/setacond
UomAilea UomAngle UomTime UomVelocity + metermeter
+ kilogram
<<Type>> <<Type>> <<Type>> <<Type>>
JomLength UomScale UomVolume| (UomCurrency ﬁl
<<Type>> -
Measure +measure <<CerL}st>>
UnitsList
+ valugZNGmber 0.. + foot
+ gonvert(target : Unit Of Measure) : Measure + squareFoot
% + cubicY ard
| I I [ | P
1 I I 1 1 TICOUECIS =
<<Type>> <<Type>> <<Type>> <<Type>> <<Type>> MeasureTy pe
Length Angle Time Volume Weight +area
+ length
<<Type>> <<Type>> <<Type>> <<Type>> + angle
Velocity Scale Area Currency + time
+ velocity
<<Type>> + volume
Distance + scale
+ weight

Figure 17 — Units of Measure types
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6.5.7.2 Measure

A Measure is the result from performing the act or process of ascertaining the value of a characteristic of
some entity.

6.5.7.3 UnitOfMeasure
A unit of measure is a quantity adopted as a standard of measurement for other quantities of the same kind.

The role uom (Figure 17) is constrained by the value of the attribute uom in each Measure subclass.

6.9.7.4 Area

Arga is the measure of the physical extent of any two-dimensional geometric object.

6.5.7.5 UomArea
UomArea is any of the reference quantities used to express the value of area.-~\Common units inclyde square

lenigth units, such as square metres and square feet. Other common unit include acres (in the Unifed States)
andl hectares.

6.9.7.6 Length

Length is the measure of distance as an integral, for example the length of curve, the perimeter of a polygon
as fthe length of the boundary.

6.9.7.7 Distance

Di

gtance is used as a type for returning the separation between two points.

6.5.7.8 UomLength
UomLength is any of the reference quantities used to express the value of the length, or distance bgtween two

eniities. Examples are the English System of feet and inches or the metric system of millimetres, gentimetres
andl metres, also the System International (SI) System of Units.

6.5.7.9 Angle

Angle is the amount-of rotation needed to bring one line or plane into coincidence with another, generally
measured in radians/or degrees.

6.5.7.10 UomAngle

UomAngle is any of the reference quantities used to express the value of angles. In the United Btates, the
sexagesimal system of degrees, minutes and seconds is frequently used. The radian measurement system is
also used. In other parts of the world, the grad angle, gon, measuring system is used.

6.5.7.11 Scale

Scale is the ratio of one quantity to another, often unitless.

6.5.7.12 UomScale

UomScale is any of the reference quantities used to express the value of scale, or the ratio between quantities
with the same unit. Scale factors are often unitless.
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6.5.7.13 Time

Time is the designation of an instant on a selected time scale, astronomical or atomic. It is used in the sense
of time of day.

6.5.7.14 UomTime

UomTime is any of the reference quantities used to express the value of or reckoning the passage of time
and/or date, (e.g., seconds, minutes, days, months).

6.5.7.15 Volume

Volume is the measure of the physical space of any 3-D geometric object.
6.5.7.16 MJomVolume

UomVolune is any of the reference quantities used to express the value of volume.

6.5.7.17 Nelocity

Velocity is| the instantaneous rate of change of position with time. It is usually(ealculated using the simple
formula, the change in position during a given time interval.

6.5.7.18 UomVelocity

UomVelocfty is any of the reference quantities used to express the value of velocity.
6.5.7.19 JAngularVelocity

AngularVejocity is the instantaneous rate of change of angular displacement with time.

6.5.7.20 MUJomAngularVelocity

UomAngulgrVelocity is any of the reference quantities used to express the value of angular velocity.

6.5.8 NULLL and EMPTY values

Several of|the operations defined in.this Technical Specification use NULL and EMPTY as possible values.
NULL medns that the value asked foris undefined. This Technical Specification assumes that all NULL vallies
are equivalent. If a NULL is returned when an object has been requested, this means that no object matchling
the criterid specified exists. EMPTY refers to objects that can be interpreted as being sets that contain|{no
elements. Unlike programming systems that provide strongly typed aggregates, this Technical Specificafion
uses the mathematical tautology that there is one and only one empty set. Any object representing the emjpty
set is equivalent to any-other set that does the same. Other than being empty, such sets lack any inherent
information, and so.a NULL value is assumed equivalent to an EMPTY set in the appropriate context.

6.6 Opgrations

Operations are used according to standard UML, as described in D.6.

6.7 Relationships and associations

Relationships and associations are used according to standard UML, with the additional requirements
specified in this subclause.

All associations shall have cardinalities defined for both association ends. At least one role name shall be
defined. If only one role name is defined, the other will by default be inv_rolename.

If an association is navigable in a particular direction, the model shall supply a “role name” that is appropriate
for the role of the target object in relation to the source object. Thus in a two-way association, two role names
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will be supplied. The default role name is “the<target class name>”" in which the target class is referenced from
the source class (this is the default name in many UML tools). Association names are principally for
documentation purposes.

Relationships involving more than two classes shall be avoided in order to reduce complexity. Cardinality for
associations is specified as UML multiplicity specifications.

An association with role names can be viewed as similar to defining attributes for the two classes involved,
with the additional constraint that updates and deletions are consistently handled for both sides. For one-way

additional

6.8.2 Stereotypes

In this Technical Specification, the following stereotypes are defined:

a) | <<CodelList>> is a flexible enumeration that uses string\values through a binding of the Dictipnary type
key and return values as string types; e.g. Dictionary (String, String). If the elements of| a list are
completely known, an enumeration shall be used;-if-only the likely values of the elements ar¢ known, a
code list shall be used.

b) [ <<Leaf>> is a package that contains definitions, without any sub-packages.

c) | <<Union>> is a type consisting of on€.and only one of several alternatives (listed as member jattributes).
This is similar to a discriminated.:union in many programming languages. In some langudges using
pointers, this requires a “void” ‘pointer that can be cast to the appropriate type as determjined by a
discriminator attribute.

Stgreotypes are essential inthe“creation of code generators for UML models. Generally speaking, gtereotypes
acf| as flags to language—compilers to determine how to create implementation models from thg abstract.
Enlimeration and CodeList are prime examples of this. As opposed to the creation of a class, these classes
generate small value-domains, one value per “attribute” in the model. In an Enumeration, these (values are
usdially represented as a 1-up number code for the attributes listed, and the list is assumed to be completely
defined in the Abstract Specification. In a CodelList, the code values are not specified, and the list is|extendible
at any time/For examples, CodelLists can be used to implement the ISO country codes and language code
usg¢d commaonly in metadata specifications.

6.9 “Optional, conditional and mandatory attributes and associations

6.9.1 Mandatory

In UML, all attributes are by default mandatory. The possibility to show multiplicity for attributes and
association role names provides a way of describing optional and conditional attributes.

An attribute that has a multiplicity with a lower bound of 1 is mandatory.
NOTE The default multiplicity for attributes is 1.

An association that has a multiplicity with a lower bound of 1 at the target end is mandatory for the class at the
source end.
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6.9.2 Optional

A multiplicity of 0..1 or 0..* means that an attribute or association may be present or may be omitted, wh
means that it is optional.

The most appropriate way of specifying optionality is to use a tagged value. However, since different to

ich

ols

have different ways of handling and presenting tagged values, multiplicity for the sake of readability is used.
Optionality means that a null value must be represented in the instance model, e.g. a place holder element or

a null value. An optional or conditional attribute shall never have a default value defined.

6.9.3 Co

An attributp or association may be specified as conditional, meaning that whether it is mandatory of. optio
depends gn other model elements. The dependencies may be by existence-dependence of other (optior
elements gr by the values of other elements. A conditional attribute or association is shown as optional with
OCL constraint attached.

6.10 Naming and name spaces

Naming cqnventions are used for a variety of reasons, mainly readability, consistency and as a protect
against cage-sensitive binding.

The name$ of UML elements shall:
1) Upse precise and understandable technical names for classes, attributes, operations, and paramete
—  Correct: index

— Incorrect: n

Equals(other : GM_Object) as opposedio Equals(otherGeometryObject : GM_Object)

nal
al)
an

jon

— Short parameter names shall be used when the parameter type carries meaning; Ulse

2) Cpopmbine multiple words as needed to form precise and understandable names without using any

“ oy W

tervening characters (such as “ *, “-”, or space).

5

EXAMPLE ComputePartialDerivatives (not: Compute Partial Derivatives or compute_Partial_Derivatives).

3) Fpr attributes and operation names, association roles and parameters, capitalize only the first le
of each word after the-first word that is combined in a name. Capitalize the first letter of the first w
fgr each name of a'class, package, type-specification and association names.

EXAMPLE ComputePartialDerivatives (not computepartialderivatives or COMPUTEPARTIALDERIVATIVES).

EXAMPLE 2 (Class): CoordinateTransformation (not coordinateTransformation).

ter
brd

4) Usedocumentation fields to further explain the meanings (semantics) of names.

5) Keep names as short as practical. Use standard abbreviations if understandable, skip prepositio
and drop verbs when they do not significantly add to the meaning of the name.

— numSegment instead of numberOfSegments,
— equals instead of IsEqual,

— value() instead of getValue(),

— initObject instead of initializeObject, and

— length() instead of computeLength().

ns,
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All classes shall have unique names. All classes shall be defined within some package. Class names shall
start with an upper case letter. A class shall not have a name that is based on its external usage, since this
may limit reuse. A class name shall not contain spaces. Separate words in a class name shall be
concatenated. Each subword in a class name shall begin with a capital letter, such as “XnnnYmmm?.

To ensure global uniqueness of class names, every class name shall be defined with an alphabetic prefix
separated from the body of the name by an underscore “ ”. These prefixes are essentially name space
specifiers and are used within the ISO 19100 series of standards to prevent confusion without using full
package name prefixes in each place where a class name is used. Most prefixes are two characters but some
are three characters and can refer to common XML namespace prefixes. Preflxes shall honour package
high-level
its topology
required in

imlementations where name spaces are properly handled.

The name of an association shall be unique within the context of a class and its supertypes.
In most cases using OCL, the name space is the class in which the operation,is defined, but |t can also
incJude the package name in which a class is defined. Where name spaces aréeclass identifiers, thgy can take
only one of two forms.

type :== class-name | package-name::class-name

The “::” is a resolution operator indicating the name space of thatwhich follows.

Unless there is a potential for confusion or a need for emphasis, the package name is not included.
The UML naming scope with package::package::className allows for the same className to be| defined in
dif:l‘elrent packages. However, many UML tools do not currently allow for this. Therefore, a moreg restrictive
naming convention is adopted:

—| Although the model is case sensitive, alkclass names shall be unique in a case insensitive maner.

—| Class name shall be unique across.the entire model (so as not to create a problem with many UML tools).

—| Package names shall be unique ‘across the entire model (for the same reason).

—| Every effort should be applied to eliminate multiple classes instantiating the same concept.

6.11 Packages

P

Q

Ckages shall be-structured according to a three-level structure as follows:
1) Top:level structures are used for structuring the various main parts of a model.

2) ™ Second-level (internal) packages contain only other subpackages.

3) Third-level (leaf) packages contain only class-diagrams.

This three-level structure makes the meaning of package dependencies clearer. A package shall also be used
to represent an application schema. An application schema that contains any package defined in another
schema shall also contain all of its dependencies. Application schemas shall contain at least one package
diagram that specifies dependencies between the packages defined by the ISO geographic information
standards and the packages defined by the application schema. An example package structure of
dependencies between the ISO geographic information standards is shown in Figure 18.
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ISO—19115 ISO/TS 19103 — Conceptual
Metadata schema langage
AN
o AN
\ / N
\ 7/ \ N
\ 4 \ \
}( \ \
\
] N \ 1]
\
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\
\ \
\
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N \ \ /

ISO 19109 — Rules for
application schema

Figure 18 — Example.package structure

Leaf pack
packages
Actually, o
both redun

dant and difficult to maintain.

UML packages shall be used to group/classes and their associations. Some rules for doing this are:

All clagses shall be part of Some defined UML package.

If a ppckage component class is used in another package diagram, that diagram shall reference

original package to>which the class belongs.

6.12 Notes

hges are dependent on one anotherqifitheir contained objects depend on one another. Internal
are dependent only if, at some level, one of their leaves is dependent on leaves in the other.
nly leaf-to-leaf dependencies need to be shown. The extension of dependencies beyond the ledf is

the

Notes are Speeified-aceording-to-standard-Uiv

6.13 Constraints

Constraints are specified according to the standard UML OCL, Object Constraint Language [3] (see D.12).

6.14 Documentation of models

In addition to the presentation of the model in diagrams, it is necessary to document the semantics of the
model. The meaning of attributes, associations, operations and constraints shall be explained. The following

template is suggested for documenting models.

32
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For the diagrams, readability concerns shall be taken into account. Font size shall be no smaller than 8 points
after diagram scale is taken into account (a 12-pt font at 90% is 12*0.9 = 10.8 pt). Each package shall have a
class diagram for the entire package (without any associations, operations or attributes shown).

Each class shall have a context diagram (all of its associations, operation signatures and attributes shown).
Each class shall have a definition describing its intended meaning or semantics. Each operation, attribute and
relation shall have a textual description in the text near its context diagram. Note that closely related classes
can share a context diagram as long as the combined diagram is neither overly cluttered nor difficult to read.

Most diagrams in the standard parts will be “context diagrams” which centre on a single class and display its

att

ibutes aperations and important relationshins.
LA g ™ ™

Pafkage dependency diagrams shall be included, including external package dependencies.
diagrams consisting of all major classes in a document may be included if found feasible.

Fof each class there shall be a textual description of the semantics at least as follows:

<Ap

General description of class A

clags name: A

SpEcializes: a list of superclasses/supertypes

Atfributes:

ngme: description of attribute meaning

Aspsociations:

ro

e: description of role meaning

Operations:

Operation: name

Dgscription: <text>

Precondition: <text + OCL>

In

but parameters;: ‘<description>

Ouitput parameters : <description>

Returfivalue: <description>

Exceptions: <description>

Postcondition: <text + OCL>

Constraints: < any sequencing constraints in the use of this operation with other operations?>

Other Constraints:

Any other constraints to be described. <text + OCL>
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Annex A
(normative)

Abstract test suite

To check conformance of UML models to this Technical Specification, it is necessary to check that the models
have been made following the rules in Clause 6 of this Technical Specification.

a) Test Hurpose: Verify that the usage of UML has been done according to the rules in ISO/TS 19103,

b) Test Method: Inspect the diagrams, use the checking/validation capabilities of the UML toels” that are
being used.

c) Refergnce: ISO/TS 19103.

d) Test Type: Basic.

Verify thatthe usage of the following elements has been done according to 6.2« 6.14.
— General usage of UML,

— Classgs,

— Attribdtes,

— Data types,

— Opergtions,

— Relatipnships and associations,

— Stereotypes and tagged values,

— Optional, conditional and mandatéry attributes and associations,

— Namirng and name spaces,

— Packgges,

— Notes

— Constfaints, and

— Documentation of models.
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Annex B
(informative)

On conceptual schema languages

Figure B.1 shows the ISO geographic information standards' approach of bringing together concepts and
technology from the geographic information and information technology disciplines. The 1SO geographic
information standards were originally grouped into five areas: Framework and reference model, data models
angl operators, data administration, geographic information services, and profiles and functional'[standards.
The information technology input shows conceptual schema languages as one of the main.inputs into this
work.

(Geographic information \

* Spatial reference

Framework and referefice model

« Temporal reference Reference model, Qverview,
« Spatial properties Conceptual schema)language,
« Spatial operations Terminology, Conformance and testing
* Topology
« Quality
T / Geographic Information
Services
Positioning services
Portrayal
Services
Encoding
Data Data models ProfilesE
administration & operators | functiongl
Cataloguing Spatial schema standards
Reference by coord. Temporal schema
i Reference by geo. id. Spatial operators
Information technology | Quality principles Rules for
« Open Systems Environment (OSE) ( Quality evaluation application schema
A : y procedures
« Information Technology Services Metadata
* Open Distributed Processing (ODP)
« Conceptual Schema Languages (CSL)

- /

N\ ¢

Figure B.1 — ISO.geographic information standards work based on both GIS and IT congepts

A ¢onceptual schema classifies objects into types and classes, identifying types of objects accordjng to their
prdperties«(structure and behaviour) and associations between types of objects.

=

Figure.B.2 describes the relationship between modeling reality and the resulting conceptual $chema. A

urtiverse-of-discoetrse™is—a—setected p;cuc of chal;ty” (UI & hyputhct;ual WOt :d) that-ahuman bc;nt wishes to
describe in a model. The universe of discourse may include not only features such as watercourses, lakes,
islands, property boundary, property owner and exploitation area, but also their attributes, their operations and
the relationships that exist among such features. A universe of discourse is described in a “conceptual model”.
The “conceptual schema” is a rigorous description of a conceptual model for some universe of discourse. A
conceptual schema that defines the universe of discourse relating to a specific application or a set of
applications shall be called an “application schema”. A conceptual schema also defines relationships between
model elements and constraints on the elements and their relationships. These constraints define valid states
of the modelled system. An actual universe of discourse can be digitally represented by data that are
structured according to the specification in the corresponding conceptual schema.

© 1SO 2005 - All rights reserved 35


https://standardsiso.com/api/?name=2cedbf6bbc2a457ac57b06aa53847f6a

ISO/TS 19103:2005(E)

P

defines

Real world

Universe of
discourse

basis for one or more
formally represented by

eptual schema Ianguage(s)\

—Conceptuat
. ) - Conceptual model
formalism provides concepts
for describing

if digitally repreésented by

[ Lgxical languages Conceptual schema
( J 4 >
- provides formal
{ Graphical languages language for v

) representing

Figure H
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contains a

A concept
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a concept
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discourse.
relevant to

schema language

or graphical, can adhere to and-be_mapped to the same conceptual formalism.

Conceptud

a conceptyal schema language. These conceptual schemas are integrated into “application schemas” wh
structure ofigeographic data processed by computer systems. Encoding of geographic informat

define the
in support

bf implementation is addressed in ISO 19118.

ISO 100% Principle
~ - static aspects

data

.2 — From reality to conceptual schema, based on a.conceptual formalism and conceptual

ual schema language” is used to describe a coneeptual schema. A conceptual schema languagg
a formal language that can be parsed by a computer\er a human being. A conceptual schema langus
| linguistic constructs necessary to formulate a conceptual schema and to manipulate its contents.

B is
ge

lal schema language is based upon.a f‘conceptual formalism”. The conceptual formalism provigdes
onstraints, inheritance mechanisns, events, functions, processes and other elements that make
lal schema language. These, elements may also be used to create conceptual schemas f{
given information system or.information technology standard, if this is the chosen universeg
A conceptual formalism_provides a basis for the formal definition of all knowledge conside
an information technology application. More than one conceptual schema language, either lex

up
hat
of
red
cal

| schemas developed for parts of the ISO geographic information standards are represented usfng

ich
jon
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- —dynamic aspects
Universe of

discourse
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Real world model

- Problem
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Information modeling
Data modeling
Solution
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Basis for

Information
system

Figure B.3 — The ISO 100 % principle for conceptual modeling
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Earlier 1ISO work (ISO/TR 9007) defined and established the 100 % principle for conceptual modeling (see
Figure B.3). The goal is to represent 100 % of both the static and the dynamic aspects of the universe of
discourse. This implies a need to represent both structure and behaviour for the area of interest.

Figure B.4 shows the metamodel layers of CSMF, the Conceptual Modeling Facility.

Defining Meta-Metamodel
schema

is described in a

A A A % ¥ language based on

Metamodel 2

_ — 9| Metamodel 1 [

Normative
schema

Metamodel

Metamodel n

¥ _ Modeling
Schema

Application Application ':A%%'gatlon
schema schema

Figure B.4==Metamodel layers of CSMF — Conceptual Schema Modeling Facility

The General Feature Model (also presented in 1SO 19109) was developed independently of existing
megtamodels.and has been used as a guide for defining rules for application schema modeling. The General
Fegpture Mdodel focuses on modeling features together with their associated attributes, relationships, and
ope¢rations. Attributes might have associated quality. The General Feature Model is mapped ontp the UML
metamodel in ISO 19109. Figure B.5 shows the relationship of the General Feature Model and UML|.
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Th Requirement L M P
on selection of
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| e RN Applieation level
! N /// ‘\\\\ ‘
v Used in - 1 I
Feature ISO 19100
typ Application standardized
definitions schema conceptual
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Integrated in

T
1
|
1
1
I
1
|
1
1

Data level
\ 4

Geographic
dataset

Figure B.5 — Relationship of the General Feature Model and the UML model
The Gendral Feature Model identifies the following special attributes as particularly important for the
geographi¢ information domain:
— Temperal,

— Spatigl (Position/Topology),

— Quality,

— Geogrlaphic identifier, and

— Thematic attributes.

The General Feature Model identifies the following special relationships as important for the geographic
information domain:

— Specialization,
— Aggregation,
— Spatial (Position/Topology), and

— Logical/Association.
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The General Feature Model is further presented in ISO 19109. Figure B.6 shows the kernel of the General

Feature Model.

GF_lInheritanceRelation

izati 0..*
Generalization + name :
Specialization * descrlpt_uon :
+ exhaustive :
+supertype +subtype 0..* | + uniquelnstance :
1 1.*

<<Metaclass>>

GF_FeatureType <]

<<Metaclass>>
GF_AssociationType

typeName : +memberOf +linkBetween
0..*| definition : 0.
1.*
+constrainedB
0..*| +carrierOfCharacteristics y
<<Metaclass>> <<Datatype>>
GF_PropertyType 0.* | GF_Constraint \%
memberName : . description : 6\
definition : +constrainedBy Q
p N
0.* +charact§miBy
4 1.
\‘S‘
GF_Operation <<Metaclass>> <Z)$ AttributeOfAttribute | <<Metaclass>>
signature : GF_AttributeTy, GF_AssociationRole
valueType ; (@) . valueType :
valueDomain> | *+characterizes cardinality :
cardi : 1
C)\
§§ 0.. 0.. 0..
+triggered luesOf
99 {.@
O«%ﬂservesValuesOf
o +affectsValuesOf +dependsOn

S

Figure B.6 —

The kernel of the ISO 19109 General Feature Model
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ISO 19109 contains a further description of the relationship between the General Feature Model and UML and
the UML metamodel. 1ISO 19109 also includes a further description of terms such as feature, feature
association, feature attribute and feature operation. Figure B.7 shows the essential parts of the UML core
metamodel.

GeneralizableElement

g

Associption

Ho..

AssociatfonEnd Classifier | g +features Feature
0.* 0.
1
0.* 0.7
StructuralFeature BehaviouralFeature
DataType Class ﬁl K
Attribute Operation

initialValue : Expression | | Specification
isPolymorphic : Boolean
concurrency : CallConcurrencyKingl

Figure B.7 — UML core metamodel
The UML ¢ore metamodel is sufficiently similanto the ISO 19109 General Feature Model, with small changes,
that it can pe used as a baseline for meeting.the requirements of the General Feature Model.

NOTE Feature in Figure B.7 is a different concept from feature as defined in the General Feature Model.

UML has Heen developed in a metamodel framework similar to CSMF, as shown in Figure B.8.
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of UML user

Figure B.8 — The metamodel architecture for UML

ISO 19101 contains information, on the use of the ISO RM-ODP viewpoint approach for miodeling of

ge

Th
ap

bgraphic information and services.

b following is a short .introduction to the goals and concepts in each of the ODP viewpoints, and the
lication of these viewpoints within the ISO geographic information standards (see Figure B.9).
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Figure B.9 — Viewpoints in the ISO RM ODP modegl

The enterprise viewpoint is concerned with the purpose, scope and policies of the enterprise or busingss
related to the specified systems and services. An enterprise specification of a service is a model of the serice
and the environment with which the service interacts. It describes the\role of the service in the business, gnd
the humarn user roles and business policies related to the service’\Fhe enterprise viewpoint provides a bdsis
for defining the scope and context of the conceptual models<for geographic information. The enterpiise
viewpoint Will vary between different organizations and is thus\used only for the generation of requirementg. It
is normallyl not part of the ISO geographic information stapdards.

The computational viewpoint is concerned with the interaction patterns between the components (services)
of the system, described through their interfaces: A computational specification of a service is a model of the
service interface as seen by a client, togetherWwith the required interactions that this service has with other
services. The interactions among services may be described as a series of information sources and sinks{ In
geographig¢ information, it is particularly important to show how a service is seen from a client perspective. The
computatignal viewpoint is provided with implementation and technology neutral UML package and class

N

diagrams, pnd OCL constraints. Guidelines for the computational viewpoint are further described in Annex C.

The information viewpoint is-cencerned with the semantics of information and information processing. |An
information specification of annODP system is a model of the information that it holds and of the informatjon
processing that it carries aut.“The information model is extracted from the individual components and provides
a consistgnt common view on information which can be referenced by the specifications of information
sources and sinks,-and the information flows between them. For geographic information, the information
viewpoint shows hoew’the underlying information model (from the conceptual model) relates to the serviges
identified ip the ‘Computational viewpoint. This model is strongly related to the geographic information domfain
models. This_will be described with UML package diagrams, UML class diagrams, and OCL constraints|[3l.
This informatiormodelis-implementation-and-technology-neutral Guidslinesforthe-informationviewpsint-are
further described in Annex C. Aspects dealing with the modeling of application schemas are described in
ISO 19109.

The engineering viewpoint is concerned with the design of implementations within distributed, networked
computing systems, i.e. the infrastructure required to support distribution. An engineering specification of an
ODP system defines a networked computing infrastructure that supports the system structure defined in the
computational specification, and provides the distribution transparencies that it defines. It describes
mechanisms corresponding to the elements of the programming model, effectively defining an abstract
machine which can carry out the computational actions, and the provision of the various transparencies to
support distribution. ODP defines the following distribution transparencies: access, failure, location, migration,
relocation, replication, persistence and transaction. In the ISO geographic information standards, engineering
issues are separated from the functional specification in the information and computational viewpoints. Since
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the ISO geographic information standards focus on implementation neutral models, there is little emphasis on
this viewpoint. It is assumed that the handling of various distribution transparencies will be done in the context
of making implementation models in the technology viewpoint.

The technology viewpoint is concerned with the provision of an underlying infrastructure. A technology
specification defines how a system is structured in terms of hardware and software components and
underlying supporting infrastructure. In the ISO geographic information standards, it is important to show how
a particular service can be mapped onto an underlying implementation technology such as SQL-3/ODBC,
ODMG, CORBA, DCOM/OLE, Internet or similar infrastructure. This is also the area where we define
mappings of the models from the information viewpoint onto underlying technologies with Geographic
Infarmation alale h 3 he Qpen AP’ aor QDB QORBA OM/O DB _and Internet. For this
viewpoint, implementation specific UML models will be created in conformance with the implémentation
nelitral models representing the information and computational viewpoints. This can beJuded as an
¢rmediate step in the mapping down to implementation specifications directly in a‘ Janguage of the
enyironment, such as CORBA IDL, COM IDL or SQL.

T
()

ure B.10 shows the architectural reference model from ISO 19101. A conceptualschema langugge is used
to describe both the services and the spatial domain models that are shared.or transferred. The spatial
domain models include the spatial schema, the temporal schema and the metadata schema.

GIS applications GIS applications
Services and

domain models will

be described A
A through schémas :
GIS S GIS S
orees 4 in the SCL :s ervices
J | )
IT Services IT Services

L [ T ]
| HTI ISl | csl csl IS| HTI |
@ NNI NNI C% [j

Data sharing and
exchange/transfer
based on domain models

Figure B.10 — ISO 19101 architectural reference model

The UML (Unified Modeling Language) can be used to describe different kinds of models. One distinction of
valfious kinds of models is into conceptual, specification and implementation models.

Copeeptual models — describe the domain under study, independent of any computer pr system
representation of the model.

Specification models — describe both domain and system service models in an implementation neutral way,
suitable for further detailing into an implementation model.

Implementation models — describe the realization of domain and system service models in an implementation
specific way, related to the characteristics of the underlying platform.

The geographic domain models within the ISO geographic information standards have been developed as
conceptual models and then further refined to specification models to be a suitable implementation neutral
basis for system representation and data exchange. The service models within the ISO geographic
information standards have been developed as specification models to reflect required system interfaces in an
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implementation neutral way. Some parts of the ISO geographic information standards also further describe
implementation models for given specification models, to define corresponding implementation and platform
specific models.

It is relevant to note that a conceptual modeling language can also be used to model software and hardware,
if the domain under study is chosen to be a system. The benefit from this within the ISO geographic
information standards is that the same conceptual schema language (UML) can be used for both domain
models (information modeling) and for system models (service modeling).
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Annex C
(informative)

Modeling guidelines

odels that
odels with

different implementation environments.

Object Management Group (OMG) in January 1999 adopted the XMI specification for exchanging UML
mddels using XML. In the future, the XMI specification will allow¢for-interoperability among UML topls. A new
diagram interchange format based on XMI, also including graphical layout, is expected to be standardized by
OMG. In the future, the ISO geographic information standards UML models should be made available using
thg XMI specification and the new diagram interchange fermat. In the meantime, models should be made
electronically available using modeling tools. Many UML.modeling tools are able to read formats of pther tools.

The 1ISO geographic information standards focus-on abstract, implementation-neutral UML mode|s that can
selve as specifications for implementations using various implementation mappings.

A general structure of work products and_models for a software development process using UML can be
desgcribed as follows (adapted from the WUnified software development process):

—| Business/Domain models

Domain model, Business Model, Business use cases (reverse/as-is, forward/to-be)
—| Requirements models

Use case-model, Actors, Architecture view, Glossary, User Interface Prototype

—| Analysis/Architecture models

Architecture model — identify, service/control objects, information/entity/feature ohjects and
boundary/interface objects, Analysis packages/classes, Use Case realization

— —Desigmmodefs(may be imptementation neutrat)

Design Model, Design System, Design Subsystem, Interfaces, Use Case realization — design, Design
classes, Architecture view, Deployment model

— Implementation models

Implementation model, Components, Implementation subsys, Interfaces, Integration build plan,
Architecture view

— Test models

Test model, Test cases, Test plan/procedure, Test component, test evaluation
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The goal of the ISO geographic information standards is to create platform independent (implementation
neutral) models. This will provide a baseline for creating platform specific (implementation specific) models for
various environments, such as SQL, COM/OLE, CORBA, EXPRESS/SDAI and others. It is not necessary to
standardize the process for how to create these models, only to specify the requirements for how to document
the final models using UML, and this is the purpose of this Technical Specification.

The following guidelines assume that the problem domain has already been well understood, i.e. through the
informal use of class modeling, to describe the essential concepts in the domain. It is also assumed that there
is a general knowledge of the usage of the models — i.e. through a use-case based requirement specification
and analysis, and that an analysis has been done to identify potential service types/objects and entity
types/objects

The following guidelines are focused on the process for creating implementation neutral models (abstriact
specifications) that later can be further transformed into detailed design and implementation fmodels [for
various pldtforms and environments.

The follow|ng “rules of general good behaviour” are not focused on the documents, but on.the process. They
are listed here as general guidance to those who do information and/or service modeling:

— Defingd specialized terms used. Define everything that is not common software)language. Avoid jargpn,
which|requires one to recognize jargon.

— Do not use hidden assumptions. One of the purposes of modeling isd{o expose assumptions. Documgnt
the ddcisions, assumptions and reasons behind the model.

— Answer people's questions about the model, and document .answers in the base document. Answers
should be discussed in public technical committee meetings,so that a consensus on controversial isslies
can be¢ arrived at.

— Document the model in a UML tool, paying special) attention to fill in all documentation fields when
possihle. If done properly, the content of the tool medel is logically equivalent to the document. Make the
tool model file available with your documentiso that all readers can import your classes withput
misinterpretation.

— Use precise technical names for attributes and operations to avoid confusion. Use documentation figlds
extengively. Do not reiterate class names inside the attribute names. Keep names short if possible. Kgep
naming style consistent.

— Do naqt include redundant interfaces. For example, do not include class attributes that record class
assoclations that are shewn in the class diagram; do not include class operations for modifying class
assocl|ations that are shown in the class diagram.

— All geperal associations should have role names, excluding composition (closed diamond), aggregation
(open| diamond),) and generalization (triangle or inheritance) associations. The assigned names| of
assocl|ations.need not be shown on class diagrams, when at least one role name is shown on that
assoc|ation,

Interoperability requires consistency. If software modules are to be plug and play, they need to be plug
compatible, which means that they have to do the same thing the same way. Even if identical services are
provided by logically separate components, those services should be consistent.

All classes referenced in a model should be defined, as should all type-expressions used as attribute types,
operation result types, and operation input argument types.

Packages should not reinvent semantically equivalent interfaces if similar interfaces exist in other packages.
They should instead be imported from these other packages. Diagrams should include visibility tags including
package labels (necessary to maintain and document the proper dependency relations between packages).
Imported classes should not be modified. An appropriate request for changes to the source (server) document
should be filed instead.
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When reusing operation signatures from other interfaces for semantically similar or semantically mappable
operations, the order of parameters should be maintained. This way, object classes that realize both
interfaces in question can use the same implementation method and signature.

Attributes and operations on imported classes and interfaces should not be listed in a client document.

The practice of maintaining full documentation of the same interface in two places makes the client document
dependent on changes to those interfaces in the server document. Since an interface represents an abstract
service, most minor changes in API protocols should not effect client package design. For imported classes,
V|S|b|I|ty tags include a from <package-name>” label in the class name box. Most CASE tools will do this

In [the following a separation is made between information modeling and service modeling. Information
mddeling typically deals with modeling related to persistent information that is handled_by a gdographical
information system, and is typically the approach that will mostly be used to model _geographic ipformation.
Sefvice modeling deals with the modeling of system component interfaces, and is itypically the approach that
will mostly be used to model geographic services.

Sirjce the emphasis for information models and service models is slightly different, it has been|chosen to
separate the modeling approach in a specialization for each of those.

C.R Guidelines for information modeling

This is the approach to be taken for most of the modeling'that is being done within the ISO geographic
infprmation standards and for modeling compliant withdSO geographic information standards. I describes
phases for the use of UML. The main principles hére are adapted from [°l, “Information Modeling: The
EXIPRESS way”. These are general principles for_information modeling, and also apply to other gonceptual
mddeling languages than UML.

Phpses of modeling
The focus here is on describing infofrmation models. In object-oriented modeling, one often|separates
objects/classes into various categories, such as interface/boundary classes that are responsible [for system
int¢rfaces, service/control classesthat are responsible for computational services, and entity/featyre classes
that represent the persistent model parts of a system. For information modeling, we are mainly congerned with
the entity classes, and we therefore talk about entities.
The following modeling-phases are recommended:

—| Phase 0: Identify scope and context.

—| Phase X Identify basic classes.

—| Phase 2: Specify relationships, attributes and operations.

— Phase 3: Completion of constraints using text/OCL.
— Phase 4: Model definition harmonization — with sub-models and other work items.
The first three phases are of vital importance when creating the schemata compliant with the ISO geographic

information standards. Phase 4 is also important when it comes to integrating the different schema into one
consistent model.

© 1SO 2005 - All rights reserved 47


https://standardsiso.com/api/?name=2cedbf6bbc2a457ac57b06aa53847f6a

ISO/TS 19103:2005(E)

Phase 0: Identify scope and context
Tasks:
1) Identify the goals and scope of the models.

2) Identify related models and the wider context.

Major question that needs to be answered: What are goal and scope of the model?

= A rittan cnanifinatinn Af ~anle oA oA ANt Af
L

Deliverable—A—written-speeification-ef-goalsseope-and-contextef-me

Phase 1a:|ldentify basic classes

Tasks:

-_—
=
o

entify generic and specific concepts/terms.
2) Describe each of the classes so that they really differ.
3) Watch out for synonyms and homonyms.
4) Develop a glossary of concepts/terms.
Major quegtions that need to be answered:
— What pre the classes according to the scope?
— What o we know about the attributes of the classes?
— Can we categorize the classes?
— What |ocal consistency constraints apply to.the classes?
— Are al| the classes and attributes documented?
— Is the use of basic data types correct?

Minor congerns:

— Which, if any, combinations of attribute values uniquely identify a class instance?
— Is the existenceoftan instance of one class dependent on its usage by another class?

— Are the values of some attributes derivable from other attribute values?

Deliverable—Agrapticat UMt ctass=diagramwithawrittemgtossary of terms— T heterms—shoutdbetonside

for input to the ISO geographic information standards glossary.

Phase 1b: Consistency with rules for application schema

Is the modeling approach consistent with the approach described in ISO 191097

Tasks:

ed

Check that the modeling approach, granularity of classes, etc. is consistent with the approach described in

ISO 19109.
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ase 2: Specify relationships, attributes and possibly operations

Major questions to be asked:

What are the relationships between the classes?
Can we categorize the classes?

Is the use of basic data types correct?

ATe additionatattributes Tequited to characterize a class ?
Are the values of some attributes derivable from other attribute values?

Is the existence of an instance of one class dependent on its usage by another class?
Which, if any, combinations of attribute values uniquely identify a class instance?

Are all the classes, relationships and attributes documented?

Is there a need for operations associated with the classes? If s6, what are their intended &
input- and output-arguments, and possible exceptions?

Mimor questions:

De

Ph

For a complex model, is it partitioned into topic areas?
iverable: UML class model

hase 3: Completion of constraints

Mdjor questions to be asked:

De

Ph

Do

What are the global consistency rules?

Are all existence dependencies captured?
Are all other cardinality, constraints captured?
Are all the constraints captured?

Is the model-well partitioned?

iverable; English and OCL-based documentation of all constraints.

ps@4: Model definition harmonization

harmonization with sub-models and other parts.

ehaviours,

When developing a large information model as in the ISO geographic information standards, the work is
broken down into separate work items. This is done so that the series of standards can be done in parallel.
Thus, there exist a number of modeling groups that develop individual pieces of the ISO geographic
information standards of standards, e.g. quality schema, metadata schema, spatial schema, etc. This work
arrangement facilitates the rate of progress, but at a cost. The end result is that the different models may not
fit together into an integrated information model, if not extra steps are taken to harmonize models.
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Major questions to be asked when comparing with other schemas:

— Are there redundancies or conflicts?

— Are there any ambiguities?

— Are the models complete?

— Do the abstraction levels match?

The follow
— Have
— Have
— Isthe
— Have
— Have
— Have

— Have

C.3 Gui

This is the
software G
described
componen
services u

The focus
objects/clal
interfaces,
represent

Ng CNecCkKIlst Nas pechn aetineda 10r aevelopment or Data/information viodels.

scope and context of the model been defined according to the guidelines?

basic classes in the model been defined according to the guidelines?

modeling approach consistent with the rules for application schema?

UML been used according to the ISO geographic information standards UML Profile?
felationships, attributes and operations been defined according to thé guidelines?
Constraints been defined according to the guidelines?

he models been harmonized with other models according.to the guidelines?

delines for service modeling

approach to be taken for the modeling of geographic services, viewed as computational geographic
omponents within a distributed architecture. A reference architecture for geographic serviceg is
in 1SO 19101 and I1SO 19119. The reader is also referred to a simple process for specifying
s in the book “UML Components™8l. This process describes how to specify components and
5ing UML.

in this section is on describing service models. In object-oriented modeling, one often separates
Sses into various categories, such as interface/boundary classes that are responsible for system
control/service classés)that are responsible for computational services, and entity classes that
he persistent model‘parts of a system. For service modeling, we are mainly concerned with the

service cIIsses, and we therefore talk about service in the following modeling phases. However, miost

services h
through pr

The follow

ndle and manipulate information/entity objects, and it is necessary to relate to the definitions made
bvious or parallel information modeling.

ng modeling phases are recommended:

— Phasqg

07)dentify scope and context — use cases.

— Phase 1: Identify basic service responsibilities.

— Phase 2: Specify operations, attributes and service relationships.

— Phase 3: Completion of constraints on operations.

— Phase 4: Service definition harmonization.
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Phase 0: Identify scope and context — use cases
Tasks:

1) Identify the goals of the service.

2) ldentify related services and the wider context.

Major questions that need to be answered:

\A Lk ot ko H L ] = H F 4l o
vvTiat dic Uic oTTVILToryvudlio aLULUTUITY U UT1C OVUPT

—| How are services grouped and associated with elements from the information models?

Deliverable: A written specification of the goals, scope and context of the service, as they-relate tg the scope
of the work item. Possibly supported by use-case scenarios describing the potential use“of the servite.

Phpse 1: Identify basic service responsibilities

Tapks:

1) Identify the basic responsibilities of a service.

2) Describe the basic interaction sequences between a clienf/and the service.
3) Divide the service into logical sub-services/interfaces.

4) Specify collaboration/sequence diagrams.

Defiverable: An object model (UML) showing the basic interactions between the service (possibly dgscribed as
a set of interfaces) and its potential clienis. " The basic interactions might be supplemented |with UML
collaboration/sequence diagrams.

Phpse 2: Specify operations, attributes and service relationships

For each identified interface, dothe following:

—| Specify operations with'input and output arguments and exceptions.

—| Relate the arguments to the specified data/information models.

—| Specify abstract attributes (as pair of set/get operations — only get for read-only).

—| Specifysthose events that may be generated by the service.

—| Eorcomplex services — provide a state diagram for allowed dynamic behaviour.

— Consider if new data/information objects need to be defined.
Minor questions:
— For a complex service, can it be partitioned into sub-services/interfaces areas?

Deliverable: Graphical UML class model with operation signatures.
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Phase 3: Completion of constraints on operations

Major questions to be asked for each operation:

— What does this operation mean (explain semantics)?

— What does each parameter mean?

— Are there any constraints or preconditions on parameters?

— What

— Are st

— Are th

— Are th

Deliverablé

OES €ach USEr exception mean?
Andard exceptions used? What does each mean?

ere any other constraints or pre/post-conditions?

ere any sequencing constraints in the use of this operation with other operations?

- English and OCL-based documentation of all operational constraints.

Phase 4: $ervice definition harmonization

Major ques
— Howd
— Areth
— Areth
— Do thg
Deliverabls
The follow
— Have

— Have

tions:

oes the service relate to and interact with other services?

ere any ambiguities?

e models complete?

abstraction levels match?

. Revised UML models with updated:decumentation.

ng items are a checklist for Service/Process Models:

he service’s scope and context been defined according to the guidelines?

pasic service responsibilities been defined according to the guidelines?

— Has UML been usedyaccording to the UML Profile?

— Have

— Have

bperations, attributes and service relationships been defined according to the guidelines?

Constraints on operations been defined according to the guidelines?

— Has the service specification been harmonized with other services according to the guidelines?

C.4 Model harmonization

The main checkpoint for model harmonization is to ensure that the various models are consistent with each

other and can be used together in an application schema and in an actual application setting.

The following guidelines should be followed in the context of model harmonization.
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Cosmetic — Produce a consistently styled output. Do not make changes to the content or structure of

the model.

2) Editorial — Apply the principle of “one name and one idea”.

3) Continuity — Identify redundancies and gaps between two schemata, remove declarations and add
missing declarations.

4) Structural — Identify general underlying concepts that should be used in other parts of the model and
rewrite the model.

5) Core based — Define a core information model that can be divided into separate‘mnjodels and
developed in parallel. The core model should identify the context and the scope~of’ tHe different
submodels. This is a top-down strategy.

6) Evolutionary based — Start with an existing model and extend this model with a.core based view. This
is also called a middle-out strategy.

7) Model quality — The integrated model should not change the semantics associated with the different
schemata.

Cheecklist

The following aspects should be evaluated by each project team.fon parts that include UML models:

1)
2)

3)

4)

5)

6)

7)

8)

9

Readability — is the schema (information model) desighed for a human reader?

Scope — are the defined scopes and assumptions of the different schemata in accordan
scope of the standard?

The nym principle — is the principle of ‘@ne name, one meaning, one definition followed? B
synonyms and homonyms (nym).

ce with the

e aware of

Context independence — are-the classes defined as context independent as possible? If the class is

applicable for use in more than one context, it should not have defined context dependent

Implementation indepéndence — are the models focused on describing what and not ho
focused on the effi¢iency of file exchange or implementation?

Invariance — thé)meaning of a class should not be dependent on the values of its attributes|

Constraints'— are the value domains of the attributes and relationships appropriately restr
can be,done by OCL expressions and relationship cardinalities.

Reality — are the declared classes in correspondence with reality?

constraints.

W, e.g. not

cted? This

Redundancy — are there redundancies that can lead to possible ambiguities in the model inj

stances?

10)

11)

Concepts — are the underlying concepts expressed? Surface appearance, syntax descri
the use of optional attributes should be avoided.

Hierarchies — Are inheritance hierarchies used for data aggregation or vice versa?

ptions and

12) Basic data types — are the attribute types correctly specified? Simple types such as integer, real,

string, etc. carrying no semantics should be avoided.

Deliverable: Revised UML models.
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