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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (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, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all m
electrotechnical standardization.

described in the ISO/IEC Directives, Part 1. In particular, the different approval criteriayneede
d|fferent types of ISO documents should be noted. This document was drafted in aceordance
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this document'may be the s
pfatent rights. ISO shall not be held responsible for identifying any or all such patent rights. I
a
0

n the ISO list of patent declarations received (see www.iso.org/patents),

Ahy trade name used in this document is information given for thé.convenience of users and
c¢nstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific te
expressions related to conformity assessment, as well\as information about ISO's adheren
World Trade Organization (WTO) principles in the Teghnical Barriers to Trade (TBT) see
.drg/iso/foreword.html.

his document was prepared by Technical Comthnittee ISO/TC 211, Geographic information/Geq

T
This first edition of ISO/TS 19139-1 cancels-and replaces ISO/TS 19139:2007, which has been te
re¢vised.

Allist of all parts in the ISO 19139 seri€s can be found on the ISO website.

Apy feedback or questions on this document should be directed to the user’s national standard
copmplete listing of these bodies can be found at www.iso.org/members.html.

atters of

The procedures used to develop this document and those intended for its further maintenance are

d for the
with the

ubject of
etails of

y patent rights identified during the development of the document wilk be’in the Introductiogn and/or

does not

rms and
e to the
WWW.iSo

matics.

chnically
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Introduction

The importance of metadata describing digital geographic data is explained in detail in the text
of ISO 19115-1, and other International Standards, e.g. ISO 19110, ISO 19119, ISO 19157. Those
documents provide a structure for describing digital geographic data by defining metadata elements
and establishing a common set of metadata terminology, definitions and extension procedures. These

standards do not define encodings for those metadata.

To facilitate the standardization of implementations across the standards and in similar domain

schemas[ this document provides a delinitive set of rules for encoding ISU metadata standards
Extensible Markup Language (XML). The resulting XML schemas are meant to enhance interoperabili
by provifling a common specification for describing, validating and exchanging metadata. Theseirul
are intenjded to be used in parallel to the rules in ISO 19136:2007, Annex E for encoding applicatic
schemas|into XML/GML. The difference is that those rules are for data that represents feattres; the;
rules ard for metadata about that data.

ISO 19118 describes the requirements for creating encoding rules based on UML schemas and the XM
based erjcoding rules as well as introducing XML. This document uses the eneoding rules defined
[SO 19118 and provides the specific details of their application with regards-to deriving XML schen
for the UML models for other metadata standards.

These ryles were first used in creating ISO/TS 19115-3 as an XML encoding of ISO 19115-1, i.e. IS(
TS 191153-3 conforms to this document. They were also used to create ISO/TS 19157-2, an encoding

ndards within the Geographic Information series and models developed by other organization

n
y
S
n
e
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Geographic information — XML schema implementation —

Part 1:
Encoding rules

Scope

1

This document defines XML based encoding rules for conceptual schemas specifying ty
describe geographic resources. The encoding rules support the UML profile as usedyin the UM
co¢mmonly used in the standards developed by ISO/TC 211. The encoding rules us&) XML scheni
ofitput data structure schema.

The encoding rules described in this document are not applicable for encoding UML applicatio]
fdr geographic features (see ISO 19136 for those rules).

2| Normative references

The following documents are referred to in the text in sueh a way that some or all of theij
1Cndated references, the latest edition of the referenced.document (including any amendments]
[0 19118, Geographic information — Encoding

3C XMLName, Namespaces in XML. W3C Recommendation

(3C XMLSchema-1, XML Schema Part 1: Structures. W3C Recommendation

W

W

W3C XMLSchema-2, XML Schema Part,2: Datatypes. W3C Recommendation
W3C XML, Extensible Markup Language (XML) 1.0, W3C Recommendation

W

(3C XLink, XML Linking Language (XLink) Version 1.0. W3C Recommendation

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[40 and [ECyhaintain terminological databases for use in standardization at the following add

— [S@”Online browsing platform: available at https://www.iso.org/obp

pes that
. models
a for the

h schema

' content

nstitutes requirements of this document. For dated.xeferences, only the edition cited applies. For

applies.

fesses:

— JEC Electropedia: available at https: //www electropedia.org/

31
namespace

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

and attribute names
[SOURCE: W3C XML]

3.2
package
<UML> general purpose mechanism for organizing elements into groups

EXAMPLE Identification information, metadata entity set information, constraint information.

© IS0 2019 - All rights reserved
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[SOURCE: ISO 19103:2015, 4.27 — modified: The EXAMPLE has been added.]

3.3
polymorphism

characteristic of being able to assign a different meaning or usage to something in different contexts,
specifically, to allow an entity such as a variable, a function, or an object to have more than one form

Note 1 to entry: There are several different kinds of polymorphism.

[SOURCE: https://searchcio.techtarget.com/]

3.4
realizatjon

<UML> dpecialized abstraction relationship between two sets of model elements, one representing|a
specification (the supplier) and the other representing an implementation of the latter (the_client)

Note 1 tofentry: Realization indicates inheritance of behaviour without inheritance of structureé:

[SOURCH: ISO 19103:2015, 4.29]

4 Symbols and abbreviated terms

4.1 Abbreviated terms

UML Unified Modeling Language

URI Uniform Resource Identifier

XCT XML Class Type

XCPT XML Class Property Type

XCGE XML Class Global Element

XML Extensible Markup Language

XSD XML Schema Definition

4.2 Ndmespace abbreviations

Table 1 ggresents the extérnal namespaces used in this document. The left column shows the commqgn
namespdce prefix usedvto describe the elements in the namespace. The second column shows the
English ¢lescriptionef the namespace prefix. The third column is the URI of the actual namespac
These URIs do nat.correspond necessarily to the location of the schemas.

Table 1 — External namespaces used by this document

o

Nag:isf];;ce English description of the namespace URI of the actual namespace
gml Geography Markup Language http://www.opengis.net/gml/3.2
xlink XML Linking Language (XLink) http:// www.w3.org/1999/xlink
XS W3C XML base schemas http:// www.w3.0rg/2001/XMLSchema

© ISO 2019 - All rights reserved
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4.3 UML model stereotypes

4.3.1 Overview of UML model stereotypes

A UML stereotype is an extension mechanism for existing UML concepts. In addition to the stereotypes
already defined for describing geographic resources, this document defines stereotypes necessary for a

rules-based encoding into XML schema.

The elements of the UML diagrams depicted in Clause 7 can carry stereotypes specifying an XML

and UML packages.

4{3.2 Stereotypes of classes

In) this document the following Stereotypes of classes are used:

property of the class is implemented as an element of the choice.

c] <<xs:simpleType>>: The class represents an implementation‘type encoded as an XML simy

d) <<xs:simpleContent>>: The class represents an implefmentation type encoded as an XML
type with simple content.

4{3.3 Stereotypes of attributes

I1 this document the following Stereotypes of-attributes are used:
a] <<xs:attribute>>: The property is encoded as an XML attribute.

b] <<xs:attributeGroup>>: The property is encoded as an XML attributeGroup.

c] <<xs:element>>: The propertyis encoded as an XML element with a name and a type (<xs
name="propertyName” type="propertyType”/>).

4{3.4 Stereotypes oflinks

et

1) this document, the-following Stereotypes of links are used:

a] <<XCT>>¢[carried by realization relationships) The XCT of the abstract concept to impl
substituted by the specified external implementation.

b] <<XEGE>>: (carried by realization relationships) The XCGE of the abstract concept to imp
substituted by the specified external implementation.

€)~ <<XCPT>>: (carried by realization relationsnips) The XCPT of the abstract concept to 1mp
substituted by the specified external implementation.

implementation. Those stereotypes, listed in the following subclauses, are carried bﬁ classes
r¢presenting XML elements or XML types, UML attributes, UML links (realizations or dependencies)

<<xs:choice>>: The class represents an implementation type encoded@s,an XML choice blpck. Each

b] <<xs:complexType>>: The class represents an implementation typ®encoded as an XML complex type.

le type.

complex

:element

ement is

ement is

ement is

d) <<implement>>: (carried by dependency relationships) The source represents an XML schema

implementing the abstract concepts defined in the target.

e) <<include>>: (carried by dependency relationships) The source and the target represent XML

schemas. The source includes (<xs:include ... />) the target.

f) <<import>>: (carried by dependency relationships) The source and the target represent sets of
XML objects grouped within the same namespace. The source imports (<xs:import ... />) the target.

© IS0 2019 - All rights reserved
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4.3.5 Stereotypes of packages
In this document, the following Stereotypes of packages are used:
a) <<xmlSchema>>: The package represents an XML schema.

b) <<xmlNamespace>>: The package represents a set of XML objects grouped within the same
namespace.

5 Conformance

The frarhework, concepts, and methodology for testing, and the criteria to be achieved teo~claim
conformgince, are specified in ISO 19105. An XML schema implementation of geographic resources
conforms to this document if it passes the test modules defined in Annex A.

6 Requirements for encoding

6.1 Overview of requirements

Geographic resources are generally specified in other standards and, Specifications, e.g. metadata
according to I1SO 19115-1 and feature catalogues according to ISO 19110. Geographic resources afe
represerjted as conceptual schemas comprising a set of UML packages containing one or more UML
classes. These conceptual schemas provide an encoding-independent view of the related geographijic
resourc

XML offgrs many alternatives for structuring information fer‘exchange. Clause 7, in conformance with
ISO 19118, defines XML schema encoding rules more spegifically applicable to the conceptual schemas
of geographic resources.

Even within the reduced limitations of ISO 19118-and the encoding rules defined in this documen
there arg still choices for the creation of specifie XML schemas.

—t
-

This dochment provides the foundation needed to establish consistent XML schema implementations pf
geograpliic resources, in the form of a set'ef standardized encoding rules to be applied to the conceptupl
schemas|of geographic resources to cteate standard XML schema.

The detafils of XML namespaces arehot included in this document. A namespace is a collection of namg¢s
that can pe used in XML documents as element or attribute names. The namespace identifier is used fo
identify the names with a specific schema. A namespace identifier is a URI. A URI is often cumbersone
for readjng, writing and-including in human discussion, so this document will refer to commqgn
namespdce prefixes when identifying the contents of a namespace.

Before presentingthe details of the encoding, it is important to understand why certain encoding
rules ar¢ usedsGdining an understanding of the rules will make clear the capabilities, limitatiol;s

and besttpractice use. Some of the major goals considered when developing this encoding rule werte
interopefability with other ISO 19100 series specifications, predictability, extensibility and usabilitfy.
Additional details of these goals are described In 6.2 to 6.0.

6.2 Rule-based

This document defines a rule-based encoding built from UML models, e.g. those in the ISO 19100
series of International Standards, as required by ISO 19118. Using a rule-based method achieves three
important goals:

— first, the resulting XML schemas are based directly on the conceptual models and therefore increase
the chance for interoperability;

— second, the resulting schema is predictable since any class, attribute, association, etc. is encoded
just as all other UML elements of the same type are encoded;

4 © IS0 2019 - All rights reserved
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— third, XML schemas using these rules can be generated in an automated or semi-automated fashion.

6.3 Quality

XML schema quality in the context of this document implies that all elements of the conceptual model
are consistently implemented and that a user can directly create and/or understand the content of
an XML instance document using the conceptual schema of the corresponding geographic resource.
Additionally, an implementer can determine the XML schema implementation of a geographic resource
by knowing its conceptual schema and the encoding rules.

Aphother aspect to quality is completeness. This document enables encoding the entire co|nceptua1
sthema of a geographic resource without regard to usage or application.

6{4 Web implementations

One of the goals stated in 6.1 is usability. Usability, as it pertains to the design-ef'geographic r¢sources,
fdcuses on their exchange with the understanding that this will often™“happen in a wgb-based
environment. While there is no restraint against creating instance decuments that never|transfer
agross a network, there are many aspects to the design that are intended to aid Internet and |web-like
tjansfer of geographic resources.

5 Use of external XML implementations

6

Apother design principle that aids interoperability and usability is the re-use of existing XML gchemas.
Iffan XML schema standard already exists that encodés\a part of the ISO 19100 series pertaining to
geographic metadata, then it is advantageous to incorporate that XML schema standard. If the|external
XML schema is directly used, then interoperability.is enhanced. It is also likely that softwar¢ already
exists that can process instance documents that-conform to the external XML. Furthermofe, if the
external schema is well designed, it might begnore efficient than XML schema generated fronp a series
of encoding rules and this might help achieve the goal of usability.

While using an implementation that already exists has some important advantages, it is recommmended
that the external XML schemas should not violate the primary design principles defined hefrein. See
713.8 for details and examples.

6 Polymorphism

ssume different for'ms, i.e. to implement properties using their data type or any of its derived classes.
blymorphism allows implementers to extend the more general format of properties within their
hmespaces while still providing usable and understandable instance documents for users outside of
their organization. Polymorphism primarily derives from the property type encodings describled in 7.3.

6
The term polymorphismyis formally defined in 3.3. In general terms, polymorphism means the pbility to
a
p
n

7| Encoding rules

7.1 Overview of encoding rules

General rules for transforming UML to XML schema are described below and are in accordance with the
rules defined in ISO 19118. In some cases, ISO 19118 allows for multiple methods of transforming UML to
XML schema, and the rules defined here serve to clarify which method is to be used to conform with this
document. Background on classes and how they are the building blocks for encoding all data exchange
(and in this case metadata exchange) is purposefully absent from this document since ISO 19118 covers
this in detail. This document is based on the encoding rules in ISO 19118 and a familiarity with that
document will greatly enhance comprehension of the topics described throughout Clause 7.

NOTE The way the encoding rules are described doesn’t prevent adopting best practices in generating XML
schemas.

© IS0 2019 - All rights reserved 5
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7.2 Default encoding
7.2.1 XML class type (XCT)

7.2.1.1 Overview of XML class type (XCT)

The class is the fundamental modelling concept in UML (ISO 19118), so the fundamental encoding rules
focus on the encoding of a UML class and build from there. A class is made up of one or more properties.
It is important to recall from ISO 19118 that a property can represent an attribute, association,
aggregatfion or composition (150 19118]. For example, in Figure 1, the Class] class nas tNree properties:
attrl, atfr2 and rolel. For the sake of encoding into XML schema it is important to understand. that
there is[no distinction between properties that are UML attributes, associations, aggregations ¢r
composifions.

ISO 19118 also describes the need to use identifiers (ids) and domain unique identifiers’(DUIDs) as
identifiefs in XML schema. There is a special XML schema type in baseTypes2014.xsd in the g¢o
namespdce, gco:AbstractObject_Type, which provides the necessary identifiers. It'is mentioned here
because |t is part of the default XML Class type encoding.

7.2.1.2 | XCT rule

As a worked example, the UML in Figure 1 is encoded in XML using the fellowing requirements.

<<DataType>>
Class1

+attr1: typeAttr1
+attr2[0..1]: typeAttr2

+ro|e1il/ 1 *

<<DataType>>
Class2

+attrA: typeAttrA
+attrB[0..1]: typeAttrB

Figure 1 — Example

Requirement /req/default/XCT

A UML Class'shall be encoded into XML schema as an XML complex type (xs:complexType) referred to
as the XN EClass Type (XCT).

Requirement /req/default/XCT-name

Each XCT shall have a name attribute whose value is the class name with the suffix _Type:
EXAMPLE1  Step 1) of building the Class1 class shown in Figure 1 is:

<xs:complexType name='"Classl Type'>
(...)
</xs:complexType>

Requirement /req/default/XCT-complex-content

6 © IS0 2019 - All rights reserved
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All UML Classes following the default encoding rules shall have complex content, and to provide this
capability, the xs:complexType element contains an xs:complexContent element.

EXAMPLE 2 Step 2) of building the Class1 class shown in Figure 1 is:

<xs:complexType name="Classl Type'>
<xs:complexContent>
(...)
</xs:complexContent>
</xs:complexType>

> 4 VA L] L } FRWA VT alaal 4 J L 4 4
quIrcriclit /reg/7acjauit/ AL I=exieria-aosiract

All UML Classes following the default encoding rules shall extend the gco:AbstractObject(Type which is
dpne by adding an xs:extension element with the base attribute equal to gco:AbstractObject_Type.

™

KAMPLE 3 Step 3) of building the Class1 class shown in Figure 1 is:

A

ks :complexType name="Classl Type">
<xs:complexContent>
<xs:extension base='"gco:AbstractObject Type">
(...)
</xs:extension>
</xs:complexContent>
<Vxs:complexType>

pquirement /req/default/XCT-sequence

the class. This is accomplished by adding an xs:sequernce element, containing xs:element eleents for

R

AJl UML Classes following the default encoding rules shall have a sequence containing all the properties
0

eqch property of the class.

Repquirement /req/default/XCT-properties
T

he attributes of the xs:element element shall be:

)

QO

o

the name attribute, equal to the naime of the property;

b] the type attribute, equal to the name of the XCPT corresponding to the UML class specified as
the type of the property.«Subclause 7.2.3 explains that by default this is the class namle plus "

PropertyType" and 7.3,8.defines the only exceptions to this XCPT naming convention. Thg name of
the XCPT used as the¥alue for this type attribute will also be properly prefixed with the appropriate
namespace.

c] the minOccurs:and maxOccurs attributes, with the values described in ISO 19118:2011, Table C.5.
Additionally, if'a property of the class happens to be an attribute that uses the 'set’ or '§equence’
structurey,then the minOccurs attribute shall be "0" for optional attributes and "1" for mandatory
attributes and the maxOccurs is "unbounded”.

EKAMPLE'4  Step 4) of building the Class1 class shown in Figure 1 is:

A

ks:complexType name='"Classl Type'">
<xs:complexContent>
<xs:extension base='"gco:AbstractObject Type">
<xs:sequence>
<xs:element name="attrl" type="nsl:typeAttrl PropertyType"/>
<xs:element name="attr2" type='"nsl:typeAttr2 PropertyType" minOccurs="0" />
<xs:element name="rolel" type='"nsl:Class2 PropertyType" minOccurs="1"
maxOccurs="unbounded" />
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

© IS0 2019 - All rights reserved 7
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NOTE
in the UM

Throughout the examples in this document there is a namespace prefix, “ns1” that is not always shown
L. This fictitious namespace is used to illustrate when a namespace prefix should be present but it does

not correspond to any of the namespaces or corresponding prefixes defined in this document.

Requirement /req/default/XCT-properties-sequence

The order of the xs:elements within the xs:sequence shall be the same as the order of the property’s
corresponding entry in the data dictionary documenting the conceptual schema.

This requirement applies to default encodings as well as all special case encodings for XCTs.

7.2.1.3

Applying

The XCT

<xSs:comy
<xs:d
<x49

</xs
</xs:col

7.2.2 )}

7.2.2.1
The glob

Kigure 2 — StandAloneQualityReport information UML from-}JSO 19157:2013, 10.1

XCT rule example

the XCT Rule above to this UML example (from ISO 19157) results in the XML below.

DQ_StandaloneQualityReportinformation
+ reportReference: Cl_Citation
+ abstract : CharacterString
+ elementReport: DQ_Element [0..*]

corresponding to Figure 2:

lexType name="DQ StandaloneQualityReportInforfgatrion Type'>

omplexContent>

:extension base="gco:AbstractObject Type'2

<xs:sequence>
<xs:element name="reportReference" type="mcc:Abstract Citation PropertyType'/>
<xs:element name="abstract" type="g¢0:CharacterString PropertyType"/>
<xs:element name="elementReport" type="mdq:AbstractDQ Element PropertyType"
maxOccurs="unbounded" minOccurs=I0" />

</xs:sequence>

</xs:extension>
complexContent>
plexType>

(ML Class Global Element (XCGE)

Overview of the XML Class Global Element (XCGE)

hl element is-defined so that it can be referenced from other sections of the schema.

© ISO 2019 - All rights reserved
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7.2.2.2 XCGE rule
Requirement /req/default/XCGE

A UML Class shall also be encoded as a global element with a name attribute equal to the name of the
UML class and the type equal to the name of the XCT described in 7.2.1 (with the appropriate namespace
prefix included). Hereafter, this global element is referred to as the XML Class Global Element (XCGE).

EKAMPLE T I'he XCGE of the Classl class shown In Figure 1 1s:

2 2R -—>
<ks:element name="Classl" type="nsl:Classl Type"/>
D -——>

7|2.2.3 XCGE example

EKAMPLE 2 The XCGE corresponding to DQ_DataQuality shown in Figure 2 is:

S ol
<ks:element name="DQ StandaloneQualityReportInformation"
substitutionGroup="gco:AbstractObject"

type="mdqg:DQ StandaloneQualityReportInformation Type"/3

D e O S -—>

7|2.3 The XML Class Property Type (XCPT)

7]2.3.1 Overview of the XML Class Property Type (XCPT)

The XCPT rule is to support the property concept described in 7.2.1 and the potential for a givep class to
bg a property type for a set of container classes

7|12.3.2 XCPT rule
Requirement /req/default/XCPT
T

b support the property concept described in 7.2.1 and the potential for a given class to be a property
type for a set of containerclasses, each UML class shall also be defined as another XSD xs:complexType,
which is hereafter referred to as the XML Class Property Type (XCPT). Recognize that the confainment
of a property is managed through the XCPT of its data type. By default, both “By value” and|“By Ref”
containment are @llowed by the XCPT. The following list details the steps for encoding an X(PT, for a
default class.
R

pquirement /req/default/XCPT-name

] Totdistinguish the XCPTs from the XCTs, the xs:complexType element shall have a name pttribute
equal to the class name suffixed with _PropertyType.

EXAMPLE1  Step 1) of building the Class1 class XCPT shown in Figure 1 is:
<xs:complexType name="Classl PropertyType'>

(...)

</xs:complextype>
Requirement /req/default/XCPT-sequence

b) To provide "by Value" containment in a manner that supports the polymorphism requirements
described in 6.6, the XCPT shall have an optional xs:sequence element that contains one xs:element
element with a ref attribute equal to the XCT of the UML. The xs:sequence element is made optional,
in order to allow for the possibility that the property will be implemented "by Ref".

EXAMPLE 2 Step 2) of building the Class1 class XCPT shown in Figure 1 is:

© IS0 2019 - All rights reserved 9


https://standardsiso.com/api/?name=afa03f5ffc77b975508957c873d86112

ISO/TS 19139-1:2019(E)

<xs:complexType name='"Classl PropertyType">
<xs:sequence minOccurs="0">
<xs:element ref="nsl:Classl"/>
</xs:sequence>
</xs:complexType>

Requirement /req/default/XCPT-reference

c) To provide "by Ref" containment, the XCPT shall have an xs:attributeGroup element with a ref
attribute equal to "gco:ObjectReference".

D
T

EXAMPLF 2 Qi Q) 1 1. 41 Fall 41 N 1 S a X 4 -
o OLCP o) UT'DUIIUIIIE LIHT LIdSS 1 LIdSS AL SHOWITHTTIZSUTE LIS,

<xs:complexType name="Classl PropertyType'>
<xs:sg¢quence minOccurs="0">
<xs{element ref="nsl:Classl"/>
</xs:4equence>
<xs:aftributeGroup ref="gco:ObjectReference'/>
</xs:conplexType>

Requiren[nent /req/default/XCPT-nilReason

d) To provide Null value explanations when necessary, the XCPT shall havejan xs:attribute element
withl a ref attribute equal to “gco:nilReason”. The gco:nilReason XML attfibute manages null valug¢s
in af) XML instance document. At the property level, this attribute allows a reason (explaining why
the actual value cannot be provided) to exist in place of an actual value. The corresponding XML
schema fragment is shown below:

XML attribute |<xs:attribute name="nilReason" type="gml:NilReasonType"/>

The gml{NilReasonType is fully described in ISO 19136, and is an enumerated XML type allowing the

» o« » o« ” o«

values: “Inapplicable”, “missing”, “template”, “unknown? ahd “withheld”.
EXAMPLE 4  Step 4) of building the Class1 class XCPTshown in Figure 1 is:

<xs:compplexType name="Classl PropertyType'™
<xs:sgquence minOccurs="0">
<xs{element ref="nsl:Classl"/>
</xs:4equence>
<xs:afftributeGroup ref="gco:0bjectReference"/>
<xs:attribute ref="gco:nilReason”>
</xs:conplexType>

7.2.3.3 | XCPT example

EXAMPLES5  Sample X€PT corresponding to DQ_StandAloneReportInformation shown in Figure 2.

<xs:compplexType name="DQ StandaloneQualityReportInformation PropertyType'>
<xs:4equence\minOccurs="0">
<gs:elemént ref="mdg:DQ StandaloneQualityReportInformation"/>
</xs{segué&nce>

<xs:qttxibuteGroup ref="gco:0bjectReference"/>
<xXS:adttiibute ref="gco:nilRocason'

</xs:complexType>

Notice that there is no specific constraint introduced in the XCPT to force the containment information
of a property defined in UML. The UML containment instructions have to be managed by external
testing applied to the XML metadata. This issue is discussed in more detail in Annex A.

7.3 Special case encodings

7.3.1 Overview of special case encodings

While the encoding mechanisms described in 7.2 cover most classes found in the UML of the ISO 19100
series of International Standards, there are some special cases where different encoding rules are
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applied. The exceptions are generally based on special stereotypes applied to classes. A class without
a stereotype or a class with the stereotype Type or DataType will follow the default encodings. Other
classes will follow their corresponding encoding rules in 7.3.2 to 7.3.6.

There are some cases of specific XCT encodings described in this section where the XCT is an xs:
simpleType instead of an xs:complexType as described in 7.2. When an XCT is simple the corresponding
XCPT does not include the "By Ref" capabilities described in 7.2.3.2. Preventing the use of referencing on
simple types avoids a potential complexity that would exist if all property types could be implemented
by reference.

713.2 Abstract classes

713.2.1 Overview of abstract class

If] is recommended that abstract classes in conceptual models be consistently~identified so that
ihplementers realize there cannot be elements of such types.

713.2.2 Abstract class rule

Apstract classes are encoded using the default rules, with these additional requirements:

<<Abstract>>
AbsClass1

+attrX: typeAttrX
+attrY[0..1]: typeAttrY.

Figure 3 — Sample UML for an abstract class

pquirement /req/abstract/XCT-name
he word 'Abstract’ shall be prefiged to the abstract class name of the corresponding XCT.
pquirement /req/abstract/X€T-abstract

v

he attribute abstract shall be added to the xs:complexType element of the XCT with a value of '|true".

m 4 = =3 =

KAMPLE1  The XCF-¢orresponding to AbsClass1 as shown in Figure 3:

A

ks :complexType\mame="AbstractAbsClassl Type'" abstract="true">
<xs:comple&kCohtent>
<xs:extension base=''gco:AbstractObject Type">
<x$: sequence>
<xs:element name="attrX" type="nsl:typeAttrX PropertyType'/>
Ixs:element name="attrY" type="nsl:typeAttrY PropertyType" minOccurs="0"/>
</xs:sequence>
Scextension
</xs:complexContent>
</xs:complexType>

Requirement /req/abstract/XCGE-name

The word 'Abstract’ shall be prefixed to the abstract class name of the XCGE.

Requirement /req/abstract/XCGE-abstract

The abstract attribute with a value of "true"” to shall be added the xs:element element of the XCGE.

EXAMPLE 2  The XCGE corresponding to AbsClass1 as shown in Figure 3:

© IS0 2019 - All rights reserved 11
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<xs:element name="AbstractAbsClassl" type="nsl:AbstractAbsClassl Type" abstract="true"/>
Requirement /req/abstract/XCPT-ref

The appropriate prefixed class name shall be used in the ref attribute of the xs:element in the
corresponding XCPT. (Note that the word 'Abstract’ is not prefixed to the name attribute of the XCPT
because a property type will not be abstract in XML schema).

EXAMPLE 3  The XCPT corresponding to AbsClass1 as shown in Figure 3:

<xs:complexType name="AbsClassl PropertyType'>
<xs:sdquence minOccurs="0">
<xsjelement ref="nsl:AbstractAbsClassl"/>
</xs:4equence>
<xs:aftributeGroup ref='"gco:0bjectReference"/>
<xs:afftribute ref="gco:nilReason"/>
</xs:cqgmplexType>

7.3.2.3 | Abstract class example

Applying the rules above to this UML example (from ISO 19115-1) results in the’ XML below.

<<Abstract>>
EX_GeographicExtent

+extentTypeCode[0..1]:Boolean="1"

Figure 4 — The UML of the abstract class EX_GeographicExtent from ISO 19115-1

The XCT [corresponding to EX_GeographicExtent:

<xs:complexType name="AbstractEX GeographicExtent Type" abstract="true">
<xs:cdmplexContent>
<xsjextension base='"'gco:AbstractObjett Type">
<As:sequence>
<xs:element name="extentTypeéCode" type="gco:Boolean PropertyType" minOccurs="0"/
<[Axs:sequence>
</xg4:extension>
</xs:domplexContent>
</xs:conplexType>

The XCGE corresponding toEX-GeographicExtent:

<xs:elenfjent name="AbstractEX GeographicExtent" type="gex:AbstractEX GeographicExtent Typq"
abstract="true"/>

The XCPT corresponding to EX_GeographicExtent:

<xs:complexType name="EX GeographicExtent PropertyType'>
<xs:s¢qUernce minOccurs="0">
<xsleltment rof="gox-AhstrractiX Cnngraph-iﬂh‘yf-nnf-”
</xs:sequence> -
<xs:attributeGroup ref="gco:0ObjectReference"/>
<xs:attribute ref="gco:nilReason"/>
</xs:complexType>

7.3.3 Inheritance and sub-class encodings

7.3.3.1 Overview of inheritance and sub-class encoding

The concept of inheritance is implemented through generalizations that are considered simple
extensions. Admittedly, this is a simplification of the concept of inheritance and sub-classing, since it
neglects both cases of generalization relationships that provide restriction and cases of generalization
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relationships that address multiple-inheritance. This extension-only characteristic of generalizations
is by design. As far as XML schema is concerned, multiple-inheritance is not supported and can only be
simulated.

As with the default UML classes, those that are subclasses have corresponding XCT, XCGE and XCPT.

7.3.3.2 Inheritance and sub-class rule

The XCT of a sub-class differs from a default class in the following ways:

Requirement /req/inheritance/XCT

a] The xs:complexContent element of the XCT shall contain an xs:extension element)whpse base
attribute is equal to the namespace qualified XCT of the base (or super) class. (This differs|from the
XCT of a default UML class xs:extension element whose base attribute is a gco:AbstractObject_Type
to provide id and uuid attributes. Those necessary attributes still exist throughthe extensjon of the
base class). It is important to note that if the super class is an abstract classjthen its corresponding
XCT name will be prefixed with the word “Abstract” as described in 7.3.2.2.

<<DataType>>
Class1

+attr1: typeAttr1
+attr2[0..1]: typeAttr2

<<Data'Type>>
SubClass1

+attr3[0..1]: typeAttr3

Figure 5 — Sample UML for subclass

EKAMPLE1  Step a) of building the SubClass1 class shown in Figure 5 is:

A

ks :complexType (nawe="SubClassl Type">
<xs:compleX€onhtent>
<xs:éxténsion base='"nsl:Classl Type'>
(...)
</Xs:extension>
</xgs=eomplexContent>
<VxszcomplexType>

RbSa: realinheri XCL

b) The xs:extension element shall contain an xs:sequence that contains all the properties of the class
as described for a default UML Class in /req/default/XCT-properties-sets. Note that this sequence
only contains the properties that are specific to the subclass.

EXAMPLE 2 Step a) of building the SubClass1 class shown in Figure 5 is:

<xs:complexType name="SubClassl Type'">
<xs:complexContent>
<xs:extension base='"nsl:Classl Type'>
<xs:sequence>
<xs:element name="attr3" type='"nsl:typeAttr3 PropertyType"/>
</xs:sequence>
</xs:extension>
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</xs:complexContent>
</xs:complexType>

Requirement /req/inheritance/XCGE

The only difference between the XCGE of the subclass and the XCGE of a default UML class is that it shall
include the additional substitutionGroup attribute, equal to the namespace qualified XCGE of the base class.

EXAMPLE 3  The encoding of the XCGE for the SubClass1 class shown in Figure 5 is:

<xs:element name="SubClassl" type="nsl:SubClassl Type" substitutionGroup="nsl:Classl"/>

The XCPT of a subclass is encoded identically to the XCPT of a default UML class. See Requirement /keq/
default/XCPT and the following.

EXAMPLE4  The encoding of the XCPT for the SubClass1 class shown in Figure 5 is:

xs:complexType name='"SubClassl PropertyType">
<xs]sequence minOccurs="0">

<xs:element ref="nsl:SubClassl"/>
</x4:sequence>
<xsjattributeGroup ref="gco:0bjectReference"/>
<xs{attribute ref="gco:nilReason"/>

</xs:conplexType>

7.3.3.3 | Inheritance and sub-class example

EXAMPLES5  Sample SubClass in XML schema using actual ISO 19115-1 example.

<<Abstract>>
EX_GeographicExtent

+extentTypeCode[0..1]:Boolean="1"

1

EX_GeographicDescription

+geographigcldentifier: MD_Identifier

Figure 6 — UML of the Classes EX_GeographicExtent and EX_GeographicDescription from
ISO 19115-1

EXAMPLE 6  TheXCT corresponding to EX_GeographicDescription:

<xs:complexType name="EX GeographicDescription Type'>
<xsjcomplexContent>
<Xg:extension base="gex:AbstractEX GeographicExtent Type'>
<xs:sequence>
<xs:element name='"geographicIdentifier"
type="mcc:MD_Identifier PropertyType"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

EXAMPLE7  The XCGE corresponding to EX_GeographicDescription:

<xs:element name="EX GeographicDescription" type="gex:EX GeographicDescription Type" subst
itutionGroup="gex:AbstractEX GeographicExtent'/>

EXAMPLE 8 The XCPT corresponding to EX_GeographicDescription:
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<xs:complexType name="EX GeographicDescription PropertyType">
<xs:sequence minOccurs="0">
<xs:element ref="gex:EX GeographicDescription'/>
</xs:sequence>
<xs:attributeGroup ref="gco:0bjectReference"/>
<xs:attribute ref="gco:nilReason"/>
</xs:complexType>

7.3.4 Enumeration encodings

7 241 FaY H £ 3 A3
Ja ks L UVCI VIUYVY Ul CIIuIiiici ativil cut,uuluso

The conceptual schema language of the ISO 19100 series of International Standards(suppprts two
enumerated types whose "declaration defines a list of valid mnemonic identifiers (ISO-19103)". The

tyo enumerated types are Enumeration and CodelList, and it is important to recognize the djifference
between these two types.
A] class with the keyword enumeration "is a fixed list of valid identifiers\of named literdl values.
Aftributes of an enumerated type may only take values from this list.” (IS@419103).
Aph <<enumeration>> class is used only in the case where no extension to the list of values is n¢cessary;
otherwise a <<CodeList>> class is used.
<<enumeration>>
EnumClass1

+enumVal1

+enumVal2

+enumVal3

Figure 7 — Sample UMLor class stereotyped enumeration

7|3.4.2 Enumeration rule
Rpquirement /req/enumeration/XCT

The encoding of an <<enumeration>> class shall begin with the creation of an XCT starting wjth an xs:
simpleType element, with‘a’name attribute equal to the class name in the UML and with the addition of
the _Type suffix.

EKAMPLE1  Step-) of building the EnumClass1 class (shown in Figure 7) is:
<ks:simpleType name="EnumClassl Type">
(/)

<Vxs:simpheType>

Reqtiirement /req/enumeration/XCT-string

The xs:simpleType element shall contain an xs:restriction element, with a base attribute equal to an
xs:string.

EXAMPLE 2 Step b) of building the EnumClass1 class shown in Figure 7 is
<xs:simpleType name="EnumClassl Type'">

<xs:restriction base="xs:string">

(...)
</xs:restriction>
</xs:simpleType>

Requirement /req/enumeration/XCT-enumerations
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Each xs:restriction element shall contain a series of xs:enumeration elements whose value attributes

equal the attribute values in the UML model for the enumeration.

EXAMPLE 3  Step c) of building the EnumClass1 class shown in Figure 7 is:

<xs:simpleType name="EnumClassl Type'>
<xs:restriction base="xs:string">
<xs:enumeration value="enumVall'"/>
<xs:enumeration value="enumVal2"/>
<xs:enumeration value="enumVal3"/>
</xs:restriction>
</xSs:simptefsree

Requirement /req/enumeration/XCGE

The XCGE of an <<enumeration>> class shall follow the default XCGE rules (/req/default/XCGGE), with

the addifion of a substitutionGroup attribute equal to the "gco:CharacterString" XCGE.

EXAMPLE 4  The XCGE of the EnumClass1 class shown in Figure 7 is:

<xs:elenent name="EnumClassl" type="nsl:EnumClassl Type" substitutionGrefjp="gco:Characteys

tring"/

Requireinent /req/enumeration/XCPT

The XCPT of an <<enumeration>> class shall follow the default encoding'described for simple type XCTs

in 7.3.1.

EXAMPLES5  The XCPT of the EnumClass1 class shown in Figure 7 is:

<xs:complexType name="EnumClassl PropertyType">
<xs]sequence minOccurs="0">

<xs:element ref="nsl:EnumClassl"/>
</x4:sequence>
<xs{attribute ref="gco:nilReason"/>

</xs:conplexType>

7.3.4.3 | Enumeration example

Applying the enumeration encoding rule above to this UML example (from ISO 19115-1) results in the

XML belgw.

<<enumeration>>
MD_ObligationCode

+mandatory
+optional
+conditional

Figure 8 — MD_ObligationCode class from ISO 19115-1

EXAMPLE 6  The XCT corresponding to MD_ObligationCode:

<xs:simpleType name="MD ObligationCode Type">
<xs:restriction base="xs:string">
<xs:enumeration value="mandatory"/>
<xs:enumeration value="optional"/>
<xs:enumeration value="conditional'"/>
</xs:restriction>
</xs:simpleType>

EXAMPLE7  The XCGE corresponding to MD_ObligationCode:
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<xs:element name="MD ObligationCode" type="mex:MD ObligationCode Type" substitutionGroup="
gco:CharacterString"/>

EXAMPLE8  The XCPT corresponding to MD_ObligationCode:

<xs:complexType name="MD ObligationCode PropertyType">
<xs:sequence minOccurs="0">
<xs:element ref="mex:MD ObligationCode"/>
</xs:sequence>
<xs:attribute ref="gco:nilReason"/>
</xs:complexType>

7|3.5 CodelList encoding

3.5.1 Overview and building blocks of the CodeList encoding

7
Alclass that is stereotyped CodeList is an enumerated type like a class with the keyword enueration.
The difference is that the <<CodeList>> class is extensible.

N

<CodeList>> classes are sometimes described as part of the data dictionary, in tables With two
c¢lumns: Name and Definition.

Table 2 — CI_TelephoneTypeCode <<CodeList>> table from ISO 19115-1

Name Definition
CI_TelephoneTypeCode type of telephone Qv
voice telephone provides voice service
fax telephone provides facsimile service
sms telephone provides sms service

]

hch row in a Codelist table is intended to déscribe a unique concept or option that supports the intent
[ the CodeList's definition. The specific.encoding of the CodeList stereotype is meant to suppprt some
lharacteristics intended by the creatons. These characteristics are:

[elge]

a] CodeLists and their associatéd)definitions are controlled in registers. The data dictiondry is the
base concept register of the’CodeLists, and is the source for the establishment of registerg for user
communities.

b} The Name column_ofthe CodeList tables contains values that all software will use to recognize
each unique coneept or option defined in a row of a CodeList table. Consequently, the 'Naie' value
should not beregarded as a proper name (in any language, including English).

c] User communities may need to add new concepts or options that were not considered by the
creators\of the codelist, and it is necessary to control these extensions in user community ffegisters.
(Thisswould be like adding additional rows to a CodeList in the data dictionary).

7|3:5.2 CodelList encoding rule

Requirement /req/codelist/XCT

To satisfy the intended characteristics of a CodeList, a special "CodeListValue_Type" XCT is provided in
the gco namespace, with two attributes, as shown in the fragment below:

<xs:complexType name="CodeListValue Type'">
<xs:simpleContent>
<xs:extension base="xs:string'">
<xs:attribute name="codeList" type="xs:anyURI" use="required"/>
<xs:attribute name="codeListValue" type='"xs:anyURI"
use="required"/>
</xs:extension>
</xs:simpleContent>
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</xs:complexType>

The definition of the special XCT makes any CodeList substitutable to a CharacterString.

An XCGE based on this special XCT and an XCPT is defined for each CodeList as described in 7.2.2.

Consequently, any CodeList instance is an XML element. Its name is the name of its XCGE. It contains
text value and the two XML attributes defined by the special XCT.

a

The codelList attribute is intended to contain a URL that references a codeList's details, within a registry

or a codelist catalogue.

EXAMPLE 1  If Table 2 was contained in a catalogue of CodeLists on the ISO web site, then a possible valuef
the codellist attribute might be:

codeList = "http://standards.iso.org/iso/19115/-1/cit/1.0/codelists.xml#Cl”
TelephorjeTypeCode”

The codg¢ListValue attribute is intended to carry the identifier of the codelist value's'definition. Th

identifier is the value expressed in the name column of data dictionary tables. The codelist catalogye
(or registry) is expected to contain an explicit name and definition of the value in-the default language
of the m¢tadata, as well as alternate expressions in different code spaces, some of them corresponding

to the different locales supported by the geographic resource.

EXAMPLE 2  If a metadata instance document were intended to indicate a telephone type of "voice", then tlhe

value (within the metadata) for the codeListValue (based on Table 2), would be:
codeListValue="voice"
The content of the element is the name of the codelist value in'the default language of the metadata.

EXAMPLE 3  Below is a more complete metadata implementation instance excerpt, using a codelist value fro
the CI_TelephoneTypeCode:

<CI TelephoneTypeCode codeList="httpy//standards.iso.org/iso/19115/-1/cit/1.0/
codelisfls.xml#CI TelephoneTypeCode” codeListValue="voice">voice</CI TelephoneTypeCode>

The XMIf element value allows the user to dccess a valid default expression of the actual value of the
CodeList} while the two attributes allow(@n*application to access the full definition of the CodeList arjd
its valuef, typically for customization of the user interface (creation of a drop-down box providing the

registerdd or catalogued value of thé:eodelist, multilingual and multicultural management, ...)

7.3.5.3 | Details of the CodeList encoding

The CodgListValue_Typecwas introduced in 7.3.5.2, and that complexType serves as the XCT for 4
<<CodelLjist>> classes.

Requireinent /reqy/codelist/XCGE

The XCGE of as<CodeList>> class shall be encoded as a global element with a name attribute equal to t}
name of thé UML class and the type equal to the CodeListValue_Type. Like an <<enumeration>> clag
thlS XCG i [ L i n . : n

<<CodelList>>
CodelistClass1

+listVal1
+listval2
+listVal3

Figure 9 — Sample UML for class stereotyped CodeList
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EXAMPLE1 The XCGE defined for the CodeListClass1 Class shown in Figure 9 is:

<xs:element name="CodeListClassl" type="gco:CodeListValue Type"
substitutionGroup="gco:CharacterString"/>

The XCPT for a <<CodeList>> class follows the encoding rules defined in 7.3.1 for simple type encodings.

EXAMPLE 2  The XCPT defined for the CodeListClass1 Class shown in Figure 9 is:

<jorecomprexfype—rame—LCoderistClassi—FropertyFypel
<xs:sequence minOccurs="0">

<xs:element ref="nsl:CodeListClassl"/>
</xs:sequence>
<xs:attribute ref="gco:nilReason"/>
<Vxs:complexType>

EKAMPLE 3  Sample CodeList Class encoding using actual ISO 19115-1 example.

<<Codelist>>
Cl_TelephoneTypeCode

+ voice
+ facsimile
+ sms

Figure 10 — CI_TelephoneTypéCode Class from ISO 19115-1

EKAMPLE4  The XCGE corresponding to CI_DateTypeCode:

A

ks:element name="CI_TelephoneTypeCode" type='"gco:CodeListValue Type"
bstitutionGroup="gco:CharacterString"/>

9]

EKAMPLES5  The XCPT correspondingto CI_TelephoneTypeCode:

A

ks :complexType name="CI_Te&lephoneTypeCode PropertyType'>
<xs:sequence minOgcurs="0">
<xs:element gef="cit:CI_TelephoneTypeCode" />
</xs:sequence>
<xs:attribute\ref="gco:nilReason"/>
</xs:complexTyre>

7|3.6 Union encoding

713.6.1 .Overview of the Union encoding rule

The ¥nion encoding rule offers a choice between several items.

7.3.6.2 Union encoding rule
Requirement /req/union/XCT
All classes with the stereotype Union, like that shown in Figure 11, shall be treated as follows:

— the class will be transformed into an XCT via an xs:complexType, with the name attribute equal to
the class name in the UML and with the addition of the _Type suffix.

Within the xs:complexType element there will be an xs:choice element that contains one xs:element for
each attribute of the UML class.
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For each xs:element :
— the name attribute will be equal to the name of the attribute in the UML class; and

— the type attribute will be equal to the type of the attribute, but prefixed with the proper namespace
and suffixed with "_PropertyType".

<<Union>>
UnionClass1

+attr4: typeAitr4
+attr5: typeAttr5

Figure 11 — Sample UML for class stereotyped Union

EXAMPLE1  The XCT defined for the UnionClass1 class shown in Figure 11 is:

<xs:complexType name="UnionClassl Type'">
<xsjchoice>
<xs:element name="attr4" type='"nsl:typeAttr4 PropertyType s>
<xs:element name="attr5" type="nsl:typeAttr5 PropertyType™/>
</x4:choice>
</xs:conplexType>

Requireinent /req/union/XCGE

The XCGE of a <<Union>> class shall follow the default encoding rules described in 7.2.
EXAMPLE 2  The XCGE defined for the UnionClass1 class shown in Figure 11 is:
<xs:elempent name="UnionClassl" type="nsl:Union¢lassl Type"/>

Requireinent /req/union/XCPT

Since a Pnion is another case where referencing is undesirable, the XCPT shall follow the defaylt
encoding rules for simple types as described in 7.3.1.

EXAMPLE 3  The XCPT defined for the\UnionClass1 class shown in Figure 11 is:

xs:complexType name="UnionClas'sl PropertyType'>
<xs]sequence minOccurs="0">
<gs:element ref="msl:UnionClassl"/>
</x4:sequence>
<xs{attribute rets'"gco:nilReason'"/>
</xs:conplexType>

7.3.6.3 | Unionhiencoding example

Applying the Union encoding rule above to the UML Union example in Figure 12 (from ISO 19115-])
results inthe XML below.
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<<zlUnion=>
MD_Resolution

+ equivalentScale: MD_RepresentativeFraction
+ distance: Distance

+ vertical: Distance

+ angularDistance: Angle

+ levelOfDetail: CharacterString

Figure 12 — The MD_Resolution class from ISO 19115-1

EKAMPLES5  The XCT corresponding to MD_Resolution:

A

ks :complexType name="MD Resolution Type'">
<xs:choice>
<xs:element name="equivalentScale"
type="mri:MD RepresentativeFraction PropertyType"/>
<xs:element name="distance" type="gco:Distance Propentylype"/>
<xs:element name="vertical" type="gco:Distance ProgeftyType'/>
<xs:element name="angularDistance" type="gco:Angle_ PropertyType"/>
<xs:element name="levelOdDetail" type="gco:Chara&terString PropertyType"/>
</xs:choice>
<Yxs:complexType>

EKAMPLE 6  The XCGE corresponding to MD_Resolution;

<ks:element name="MD Resolution" type="mri:MP\Resolution Type"/>

EKAMPLE 7  The XCPT corresponding to MD_Resaglution:

A

ks :complexType name="MD Resolution PropertyType'>
<xs:sequence minOccurs="0">

<xs:element ref="mri:MD\Resolution"/>
</xs:sequence>
<xs:attribute ref="gco:fi{Reason"/>
<Yxs:complexType>

N

3.7 Encoding of MetaClasses

MetaClasses can onlybe instantiated through one of their realizations. The encoding an
realizations is diseussed in greater detail below.

d use of

<<MetaClass>> <<XCPT>> <<xs:simpleContent>>
MetaClass1 ns1:externallmpl_Property Type
<l------
<<DataType>>
Class1

+attr1: MetaClass1

Figure 13 — Sample UML for class stereotyped MetaClass

The realization of a <<MetaClass>> is used when determining the type attribute for an element, in
the sequence of a default encoded XCT. In other words, in the XCT of Class1 from Figure 13, instead of
the type for the “attrl” element being a “MetaClass1_PropertyType”, it would be a “nsl:externallmpl

© IS0 2019 - All rights reserved
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_PropertyType”, because of the realization shown between MetaClassl and nsl:externallmpl

_Propert

ylype.

EXAMPLE The XCT corresponding to the Class1 class shown in Figure 13 is:

<xs:complexType name="Classl_Type'">

<xs:

complexContent>
<xs:extension base='"'gco:AbstractObject Type">
<xs:sequence>
<xs:element name="attrl" type='"nsl:externallmpl PropertyType'/>
</xs:sequence>

</x4
</xs:con

7.3.8 [Encoding of externally identified implementations

7.3.8.1

:complexContent>
plexType>

Overview of externally identified implementations

The use

and usa
impleme
impleme
isusedt
are bein

7.3.8.2

There are three ways of encapsulating external impletifentations into concepts depicted in tf
ISO 1910)0 series of UML models. The names from the ISO*19100 series UML classes are preserved as 3

entry pojnt into the implementation schema based.on;the stereotype of the realization as described
ISO 1910[3.
7.3.8.2.1 Encoding through XCPT
Requireinent /req/external/XCPT
The simplest case of using an external encoding occurs when the existing implementation provids
class typles, global elements and class property types for the specified ISO 19100 series UML class¢
that matfh the default encoding rules described in 7.2. This is indicated in UML by the existence of 3
XCPT stdreotype on a realization relationship, as shown in Figure 14.

<<Type>>

Date

f externally identified implementations was introduced in 6.5, to impreveéthe interoperabilif
ility of this document. It is possible to use external implementatjons to take advantage
tations of the ISO 19100 series of International Standards that already exist, or to use extern
tations that are specific to a particular encoding technology. The UML Notation for realizatiq
indicate, in UML, where the XML schemas defined in other [S0.19100 International Standarg
used.

Encoding options

+ gentury : CharacterString
+wyear[0..1] : CharacterString

y
hf

hl
n
Is

1

LS

n

+ month[0..1] : CharacterString

<<XS.Cholce~>~>

+ day[0..1] : CharacterStrin
vo-1i n9 <<XCPT>> gco:Date_PropertyType

Figure 14 — ISO 19103 date realized by gco:Date_PropertyType

In this situation, no XCTs, XCGEs or XCPTs shall be created for the target class. When the target class is
the type for a property of an XCT, then the name of the source class shall be used as the value for the
type attribute. In most cases the value for the type attribute will follow the default encoding rule that
uses the target class name + "_PropertyType", but this is not always the situation.

22
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Figure 15 shows the UML for the CI_Date class.

<<DataType>>
Cl_Date

+date: Date
+dateType:Cl_DateTypeCode

™

KAMPLE The XCT corresponding to CI_Date shown in Figure 15 is:

A

ks :complexType name="CI Date Type">
<xs:complexContent>
<xs:extension base='"gco:AbstractObject Type">
<xs:sequence>
<xs:element name="date" type="gco:Date PropertyType"/>
<xs:element name="dateType" type='"cit:CI DateTypetede PropertyType
</xs:sequence>
</xs:extension>
</xs:complexContent>
<Yxs:complexType>

N

3.8.2.2 Encoding through XCGE
Requirement /req/external/XCGE

The next case of using an external encoding occ€urs when the existing implementation
class types and global elements that can be used, but where the inheritance trees of the
ithplementation should be preserved.

[1} this case, the following rules should be(applied:

a] an XCPT will be created using.the class name from the ISO 19100 series UML models. T
serves as an entry point into.the implementation schema, through the external impleme

as shown in Figure 16 below.

<<Type>> <<xs:element>>
GM_Point 1 SCCE2 | gmiPoint

+position: DirectPosition

Figure 16 — IS0 19107 GM_Point realized by gml:Point

/>

provides
external

his XCPT
ntation's

XCGE. This is indicated in UML by the existence of an XCGE stereotype on a realization reldtionship,

encoding

b}—When-therealization-has-anXCGE-stereotypethe XCRT for-thetarget-classwill follow-the
J
rules described in 7.4 for the encoding of the XCPT and use the name of the realization
class as the value of the ref attribute, in the xs:element tag.

EXAMPLE1 The XCPT for GM_Point based on Figure 16:

<xs:complexType name='"GM Point PropertyType">
<xs:sequence minOccurs="0">
<xs:element ref="gml:Point'"/>
</xs:sequence>
<xs:attributeGroup ref="gco:0bjectReference"/>
<xs:attribute ref="gco:nilReason"/>
</xs:complexType>

© IS0 2019 - All rights reserved
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Requirement /req/external/XCGE-element

In certain cases, the UML representing the external implementation may contain properties of the class
stereotyped xs:element. If this is the case then there will be an XCGE corresponding to the class shown
in the UML that resides in the namespace indicated by the namespace prefix used in the class name.
That XCGE shall be defined using an xs:element with the name attribute equal to the name of the XML
class shown in the UML minus the namespace prefix. The type attribute shall be equal to the only named
property shown in the UML. Any other attributes of the xs:element shall be indicated as properties of
the XML]|cTass shown in UML as the type of the property, and having a value sent to any default valje
displayedl in the UML.

EXAMPLE 2  Sample XCGE based on an xs:element in the gco namespace.

<<xs:simpleContent>>
gco:Unlimitedinteger_Type

<<xs:attribute>> + isInfinite[0..1] : xs:boolean

<<xs:attribute>>
+type

<<xs:element>>
gco:Unlimitedinteger

<<xs:attribute>> + nillable="true"

=y

jgure 17 — XCGE for gco:UnlimitedIntegershown as xs:element stereotyped class

EXAMPLE 3  The XCGE corresponding to Unlimited Integer:

<xs:elemjent name="UnlimitedInteger" \type="gco:UnlimitedInteger Type" nillable="true"/>

7.3.8.2.3 Encoding through XCT

7.3.8.2.3.1 General

Requirement /req/external/XCT-simpleType

Often, omly an XCTVis ' provided in the external implementation. This is the case when XML schenja
simpleTypes are utilized. When this is the situation, the realization from the ISO 19100 series class {o
the XML |schema-object carries an XCT stereotype.

7.3.8.2.

<<Type>>
CharacterString <<XCT>> <<xs:simpleType>>
TTTTTTTTTTT xs:string

Figure 18 — Realization of CharacterString with xs:string
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When the realization has an XCT stereotype and the source class has an xs:simpleType stereotype the
XCGE shall follow the encoding rules described in 7.3 for the encoding of the XCGE and use the name of
the corresponding XCT as the value of the type attribute.

EXAMPLE The XCGE for CharacterString based on Figure 18:

<xs:element name="CharacterString" type='"xs:string"/>

7.3.8.2.3.3 The xs:simpleContent stereotype

- X=

32!

quirentent /Teq/extermal/X€ T-simpile€omtent

<<xs:simpleType>>
xs:nonNegativelnteger

(hen the realization has an XCT stereotype and the source class has an xs:simpleContentstereotype an
CT shall be created corresponding to the source class.
he XCT shall conform to these requirements:
an xs:complexType will be created with a name attribute equal to the name of the xml clalss minus
any namespace prefix. If the xml class happens to be abstract, then thexs:complexType will contain
an abstract attribute with the value set to “true”;
The xs:complexType will contain an xs:simpleContent;
The xs:simpleContent will contain an xs:extension with,a ‘buse attribute set to the name of the
external implementation super class;
The xs:simpleContent will contain occurrences of Xs:attribute or xs:attributeGroup depending on
the properties and their respective stereotypes shewn in the UML representing the XML dlass.
If there is a type value present in the UMLsproperty, then the xs:attribute or xs:attribyiteGroup
shall have:
1) aname attribute equal to the nameé-of the property in the UML, and
2) atype attribute equal to the tyjpe shown in the UML.
If there is no type present fora property in the UML, then the xs:attribute or xs:attribyiteGroup
shall contain a ref attribute with a value equal to the name of the property in the UML.
Just as with default XC¥ encodings from 7.2, the minOccurs and maxOccurs values are pased on
[SO 19118:2011, TahleA.5.
KAMPLE Sample XCT realization on an xs:simpleConten,t in the gco namespace.

A

<<Type>> <<XCT>> <<xs:simpleContent>>

Unlimitedinteger [<]------- gco:Unlimitedinteger_Type
<<xs:attribute>> + isInfinite[0..1] : xs:boolean

Figure 19 — XCT realize for UnlimitedInteger_Type with xs:simpleContent stereotype
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The XCT

corresponding to UnlimitedInteger:

<xs:complexType name="UnlimitedInteger Type'>

<xs:simpleContent>
<xs:extension base="xs:nonNegativelnteger'">
<xs:attribute name="isInfinite" type="xs:boolean"/>
</xs:extension>
</xs:simpleContent>

</xs:complexType>

7.3.8.2.3

Requirement /req/external/XCT-complexType

When th
XCT shal

The XCT

a) anx
any

cont
b) The
c) The
exte

If th
Abst

d) The
the }

Any

sequence with:

1y
2)

Just
ISO

e) Afte
base]
ther

4 The xs:complexType stereotype

b realization has an XCT stereotype and the source class has an xs:complexTyperstereotype, gn
be created corresponding to the source class.

shall conform to these requirements:

5:complexType will be created with a name attribute equal to the nafneé'of the XML class minys
namespace prefix. If the XML class happens to be abstract, therithe xs:complexType shdll
hin an abstract attribute with the value set to “true”;

ks:complexType will contain an xs:complexContent;

xs:complexContent will contain an xs:extension, with a base attribute set to the name of the
Fnal implementation super class.

ere is no external implementation super class, then the base attribute will be set to gcp:
ractObject;

ks:extension will contain an xs:sequence, composed of xs:elements based on the properties pf
(ML class which are stereotyped xs:element.

property with the xs:element stereotype indicates the presence of an xs:element in the xis:

h name attribute equal to the'name of the property, and

the type attribute equal to the property type.

s with default X6T encodings from 7.2, the minOccurs and maxOccurs values are based gn
19118:2011, Table A.5;

" the xs:sequience element, there may also be occurences of xs:attribute or xs:attributeGroyp
d on any.properties of the XML class that are stereotyped xs:attribute or xs:attributeGroup. |If
b is a type value present in the UML element, then the xs:attribute or xs:attributeGroup will hav

@

1

b ndame attribute pnln:ﬂ tothename of the elementin the UMIL , and

2) atype attribute equal to the type shown in the UML.

If there is no type present for an element in the UML, then the xs:attribute or xs:attributeGroup
shall contain a ref attribute, with a value equal to the name of the element in the UML.

Just

as with default XCT encodings from 7.2, the minOccurs and maxOccurs values are based on

[SO 19118:2011, Table A.5.

EXAMPLE Sample XCT realization on an xs:complexType in the lan namespace.
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<<XCT>> <<xs:complexType>>
PT_FreeText -—==---| lan:PT_FreeText_Type

(from FreeText)

+textGroup \|y 1..*

<<xs:simpleContent>>

lan:LocalisedLharacterstring

<<xs:attribute>>id[0..1] : xs:ID
<<xs:attribute>> locale[0..1] : xs:anyURI

Figure 20 — XCT realize for gmd:PT_FreeText_Type with xs:complexType stereoty

The XCT corresponding to PT_FreeText:

A

ks :complexType name="PT FreeText Type'">
<xs:complexContent>
<xs:extension base="gco:AbstractObject Type">
<xs:sequence>
<xs:element name="textGroup"
type="lan:LocalisedCharacterString PropertyType"
maxOccurs="unbounded" />
</xs:sequence>
</xs:extension>
</xs:complexContent>
<Yxs:complexType>

3.8.2.3.5 The xs:union stereotype

pquirement /req/external/XCT-union

= =

(hen a class has an xs:union steréotype, the following rules shall be applied:

»)

an XCT will be created cerresponding to the UML class.
b] The XCT will be an xS;simpleType with the name attribute equal to the name of the UML cl

c] Within the xs:sifapleType, there will be one xs:union with a member attribute equal to the
the elements imthe UML class, separated by spaces.

33|

KAMPLE Sample XCT for an xs:union in the gco namespace.

<<Xs:union>>
gco:Date

pe

ASS.

names of

t Ae.datc
+ xs:gYearMonth
+ xs:gYear

Figure 21 — gco:Date XCT with stereotype xs:union

The XCT corresponding to Date:

<xs:simpleType name="Date Type'>
<xs:union memberTypes="xs:date xs:gYearMonth xs:gYear'"/>

© IS0 2019 - All rights reserved
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</xs:simpleType>

7.3.8.2.4

Creating the XCGE when encoding through the XCT

Requirement /req/external/XCGE

An XCGE
rules des

shall be created for any external implementation XCTs. The XCGEs follow the default encoding
cribed in 7.2 and 7.3.2 (for the case of abstract classes) and 7.3.3 (for the case of subclasses).

7.3.8.2.5 _Creating the XCPT
Requirejnent /req/external/XCPT

An XCPT!
a) thes
b) (foll

simpleType or xs:simpleContent.

EXAMPLJ

<xs:comy
<xS

shall also be created following the encoding rules in 7.2.3 if
ource class of the realization is stereotyped xs:complexType, or

wing the encoding rules in 7.3.1), the source class of the realization lis-stereotyped xs:

1  The XCPT for CharacterString based on Figure 32 is:

lexType name="CharacterString PropertyType'>
sequence minOccurs="0">
<xs:element ref="gco:CharacterString"/>

</xg:sequence>

<xs{attribute ref="gco:nilReason"/>
</xs:complexType>
If a class|is stereotyped xs:choice, then the XCPT will be slightly modified from the default encoding rules.
It is assumed that a class stereotyped xs:choice represents a unique XCP, and as such, its name should
already Include the suffix, “_PropertyType”. This ndme will be used as the name attribute in the xjs:
complex[ype element for the XCPT, which will @lso contain an xs:choice with a minOccurs attribute

set to “0f.

Within the xs:choice will be an xs:elemeft,corresponding to each property of the UML class. Each xis:

element
UML clas

shall contain one ref attribute containing the name of the XCGE specified as the property of the
s. After the xs:choice is closed, there is one gco:nilReason, and then the XCPT is closed.

<<xs:uhion>>

gco:Date
+ xs.date <<xs:simpleType>>
+ xs:gYearMonth xs:dateTime
¥ xs:gYear

<<xs:choice>>

gco:Date_Property Type

Figure 22 — Sample UML for class stereotyped xs:choice

EXAMPLE 2 The XCPT for gco:Date_PropertyType based on Figure 22 is:

<xs:complexType name="Date PropertyType'>
<xs:choice minOccurs="0">

<xs:element ref="gco:Date"/>
<xs:element ref="gco:DateTime"/>

</xs:choice>
<xs:attribute ref="gco:nilReason"/>
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</xs:complexType>

7.4 XML Namespace package encoding

The stereotype xmINamespace was introduced in 4.3 as a set of XML objects grouped within the same
namespace. A UML package can have dependencies that are defined as a relationship between two
modelling elements, in which a change to one modelling element will affect the other modelling element
(ISO 19103).

In the case of an <<xmlNamespace>> package, there are two types of dependency relationships to
consider.

a] The stereotype implement on a dependency has a source representing the XML-namegpace (or

namespace prefix) that implements the abstract concepts defined in the target. ’Ah intrjpduction
to the mrl namespace is provided in ISO/TS 19115-3, and Figure 23 shows thedependency in UML,
using an <<xmlNamespace>> package and an <<implement>> dependency.

ISO 19115-1
Lineage

<<xmINamespace>>

<<implement>>

Figure 23 — xmINamespace and'implement

b} The stereotype import on a dependency has a soutce representing objects grouped within one
namespace that depend on objects grouped within\another namespace. An <<import>> degendency
will exist between two <<xmlNamespace>> packages if there is a dependency relationship[between
the two abstract packages that are the target of <<xmlNamespace>> package <<implement>>
dependencies.

In Figure 24 an <<import>> dependéncy is shown between the mri package and the gco [package,
which are both defined in ISO/TS.19115-3. The <<import>> dependency is used to reference an
XML schema file from a differentHamespace (mri and gco in this example).

. <<xmlINamespace>>
<<import>> gco

space>>

Figure 24 — xmINamespace and import

The <<xmlINamespace>> package is not directly encoded into XML but it will have a corresponding
<gxmlSchema>> package that utilizes the <<implement>> and <<import>> dependency relatiopships to
génerate appropriate XML schema.

7.5 XML schema package encoding

A package stereotyped xmlSchema, as noted in 4.3, is a package that represents an XML schema. For any
<<xmlSchema>> package in the UML there shall exist an XML schema file with the same name as the
package. An <<xmlSchema>> package can utilize an <<implement>> dependency exactly as described
in 7.4 for an <<xmlNamespace>> and it can also utilize an <<include>> dependency. The <<include>>
dependency is used to reference an XML schema file from the same namespace. Each <<xmlSchema>>
package is one of two types.

The first type is a root <<xmlSchema>> package that corresponds directly to an <<xmlNamespace>>
package and has the same name as the <<xmINamespace>> package with the addition of the .xsd
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extension. This means that because there is an mri <<xmlNamespace>> package shown in Figure 24
there will also be a corresponding mri.xsd package with the stereotype xmlSchema and accordingly a
mri.xsd file that is created using the encoding rules defined in this document.

Each XML schema file starts with this XML declaration: <?xml version="1.0" encoding="utf-8"?>. The root
element in the same file is an xs:schema and shall have the attributes shown in Table 3.

Table 3 — Attributes of xs:schema element for a root <<xmlSchema>> package

Occur- Name- - .
rences|of space of |Name of attribute Value of attribute EREMPIe airi ; E
attribdte | attribute p
One N/A targetNamespace |http://standards.iso.org/iso/<- targetNamespace="

standardnumber>/<part>/<pack- |http://standards.iso

ageName>/<namespace version .org/iso/19113/23/mri/1.04"

number>
One xmlns  |xmlns http://standards.iso.org/iso/<- xmlns:mei="http:
standardnumber>/<part>/<pack- |//standards.iso
ageName>/<namespace version .0org4is6/19115/-3/mri/1.04"
number>
Zerotonjany| xmlns |packageName of |http://standards.iso.org/iso/<- xmlns:mri="http:

target of <<im- standardnumber>/<part>/<paek- |//standards.iso

port>> dependency|ageName>/<namespace version .org/iso/19115/-3/mri/1.04"
number> of target of <<iniport>>

dependency
One xmlns  |xs http://www.w3.org/2001/XML xmlns:xs="http://www.w3
Schema .org/2001/XMLSchema"
One N/A version <schema version number> version="1.2.3"

NOTE 1 | packageName in Table 3 refers to the name:9fthe corresponding <<xmlNamespace>> package of|a
root <<xmlSchema>> package.

EXAMPLJ The UML shown in Figure 25 would result in the existence of a file named mri.xsd with the
following|declaration of xs:schema:

<xs:schgma targetNamespace=http://standards.iso.org/iso/19115/-3/mri/1.0
xmlns:13dn="http://standards.isofexyg/iso/19115/-3/1lan/1.0"
xmlns:mqc=http://standards.isgo.org/iso/19115/-3/mcc/1.0
xmlns:mfi="http://standards.%sb.orqg/is0/19115/-3/mri/1.0" version="1.0"
xmlns:x4="http://www.w3.0rg}2001/XMLSchema">

The secqnd type of <<xmlSchema>> package is referred to as a regular <<xmlSchema>> package
and it corresponds directly to an existing package from the ISO 19100 series which is indicated by|a
dependehcy with the stereotype implement. The example in Figure 25 shows a regular <<xmlSchemax>
package pnd its tdrget ISO 19115-1 package.

<<xmlSchema>> . Lineage Information
lineage xsd <<implement>> (from ISO 19115-1
Metadata)

Figure 25 — Regular xmlSchema package

All regular <<xmlSchema>> packages have exactly one corresponding root <<xmlSchema>> package
which is either the direct source of an <<include>> dependency between the regular <<xmlSchema>>
package or is the root <<xmlSchema>> of a regular <<xmlSchema>> that is the direct source
of an <<include>> dependency to the regular <<xmlSchema>> of interest. In Figure 26 the root
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<<xmlSchema>> is root.xsd and the regular <<xmlSchema>> are schemal.xsd, and schemaZ2.xsd. The
root.xsd <<xmlSchema>> is the root of the two regular <<xmlSchema>>.

<<xmlSchema>>
root.xsd

A —

o)

Figure 26 — Hierarchy of <<xmlSchema>> packages

<<include>>

<<xmlSchema>>
schema1.xsd

<<include>>

<<xmlSchema>>
schema2.xsd

N

he XML declaration within each XML schema file that is created based on the existence of
xxmlSchema>> package is <?xml version="1.0" encoding="utf-8"?>. The root element in the same file is
W xs:schema with the attributes shown in Table 4.

Table 4 — Attributes'of xs:schema element for a regular <<xmlSchema>> package

W regular

Occu- Name- Name of at-
rances of | space of . Value of attribute Example attribute-valpe pair
. . tribute
pattribute | attribute
One N/A targetName- |http://standards.iso.org/iso/<-|targetNamespace="http://gtandards
space standardnumber>/<part>/<root-|.iso.org/iso/19115/-3/mrfi/1.0/"
Packagename>/<namespace ver-
sion number>
One xmlns |rootPacka- http://standards.iso.org/iso/<-|xmlns:mri=" http://standlards.iso
geName standardnumber>/<part>/<root-|.org/iso/19115/-3/mri/1J0/"
Packagename>/<namespace version
number>
Zero to xmlns |rootPack- http://standards.iso.org/iso/<-|xmlns:mri=" http://standards.iso
many ageName standardnumber>/<part>/<root-|.org/iso/19115/-3/mri/1.0/"
of target of PackageName of target of <<im-
<<import>> port>> dependency>/<namespace
dependency version number>
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http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/%3crootPackagename%3e/%3cnamespace
http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/%3crootPackagename%3e/%3cnamespace
http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/%3crootPackagename%3e/%3cnamespace
http://standards.iso.org/iso/19115/-3/mri/1.0/
http://standards.iso.org/iso/19115/-3/mri/1.0/
http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/
http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/
http://standards.iso.org/iso/19115/-3/mri/1.0/
http://standards.iso.org/iso/19115/-3/mri/1.0/
http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/
http://standards.iso.org/iso/%3cstandardnumber%3e/%3cpart%3e/
http://standards.iso.org/iso/19115/-3/mri/1.0/
http://standards.iso.org/iso/19115/-3/mri/1.0/
https://standardsiso.com/api/?name=afa03f5ffc77b975508957c873d86112
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Table 4 (continued)
Occu- Name- Name of at-
rances of | space of . Value of attribute Example attribute-value pair
. . tribute
attribute | attribute
One xmlns  |xs http:// www.w3.0org/2001/XML|xmlns:xs="http: //www.w3
Schema .org/2001/XMLSchema"
One xmlns  |xsi http://www.w3.0org/2001/XML|xmlIns:xsi="http: //www.w3
Schema-instance .org/2001/XMLSchema-instance”
One N//A Version schema version number version="1_2 3"

NOTE 2 | rootPackageName in Table 4 refers to the name of the corresponding <<xmlNamespace>> pagkage pf
the root 4<xmlSchema>> package.

8 Additional encodings

In order fo maximise use of existing approaches and technologies, some classes are specifically encodgd
using relevant implementations from ISO or other organizations. These encodings-are available at http:
//standalrds.iso.org/iso/19139/resources.

9 Encpding for modularity and reuse

9.1 UML packages and XML namespaces

In the prfocess of encoding UML models into XML schema decisions must be made about relationships
between|UML packages and XML namespaces. Rules controlling the relationship between packages ard
namespdces are:

1) the KML implementation will include a minimum of one namespace per UML package in the
condeptual model, i.e. multiple UML packageS)should not be combined into single namespaces;

2) UMIL packages may be split into multiple namespaces if necessary to ease the implementation arjd
manpgement of the life-cycles of various components;

3) exceptions to Rule 1 may be required to minimize dependencies between namespaces and eliminate
circylar dependencies.

9.2 UML model for XML-implementation

Relationships betweent classes in different UML packages result in dependencies between packages
that maKe reuse impossible without including both packages. In order to manage these relationships
and faciljtate modularization and automated schema generation, an XML-specific implementation layer
may be added te-the UML model without affecting the semantics. This layer includes

1) abstfact classes that allow decoupling of model packages,

2) addition of tagged values and stereotypes required by the UML to XML transformation software,

3) refactoring of some model packages where required to eliminate circular dependencies between
XML namespaces, and

4) abstract classes created to define substitution groups for classes that are, or might be, used by XML
implementations of other ISO models.

Abstract classes for linkage between namespaces are all included in a single package.

Requirement /req/modularity/
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