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Foreword

021(E)

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 matters of

electrotechnical standardization

The procedures used to develop this document and those intended for its further maintens
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeede
different types of ISO documents should be noted. This document was drafted in accerdance
dditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

nce are
1 for the
vith the

atent rights. ISO shall not be held responsible for identifying any or all such-patent rights. D
ny patent rights identified during the development of the document willdbe in the Introductio
n the ISO list of patent declarations received (see www.iso.org/patents):

OO S N

donstitute an endorsement.

Hor an explanation of the voluntary nature of standards,))the meaning of ISO specific teq
gxpressions related to conformity assessment, as well ‘as information about ISO's adherenc
World Trade Organization (WTQO) principles in the Technical Barriers to Trade (TBT), see www
ipo/foreword.html.

This document was prepared by Technical Committee ISO/TC 184, Automation systems and inté
Jubcommittee SC 4, Industrial data.

A list of all parts in the ISO 10303 series can be found on the ISO website.

Any feedback or questions on this dgcument should be directed to the user’s national standardg
domplete listing of these bodies dan'be found at www.iso.org/members.html.

tails of
and/or

\ttention is drawn to the possibility that some of the elements of this documerit may be the S}bject of

Any trade name used in this document is information given for theé-éonvenience of users and loes not

ms and
e to the

iso.org/

gration,

body. A
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Intro

ISO 103

duction

03 is an International Standard for the computer-interpretable representation and exchange

of product data. The objective is to provide a neutral mechanism capable of describing product data
throughout the life cycle of a product and independent from any particular system. The nature of this
description makes it suitable not only for neutral file exchange, but also as a basis for implementing and

sharing

This document is a member of the description methods series. This document specifies a mappin

product databases and archiving.

gq

of SysML XMI to the XSD. This document supports the STEP extended architecture.l1ZIl18][19] Thj

docume]

The obj
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support]
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arbitrar

A detail
useful.

The main components of this document are:

— the

— the
Sys

vl

nt specifies the transformation from a STEP data model in SysML XMI to a STEP XSD.

bct management group (OMG) has standardized the XML metadata interchange spéeification
lat integrates the OMG systems modeling language (SysML), the OMG unified modeling languagg
nd the World Wide Web Consortium (W3C) extensible markup language (XML)Sy$sML inheritps
interchange capability from UML. XMI is a mechanism for the interchange of pietadata between
5ed modeling tools. OMG has also standardized an XMI compliant interchatnige format for the
hus specifying a lexical representation of SysML models based on a standardized metamodel qf
L.

C has standardized the XML schema definition (XSD). XSD allowsto-define shared vocabularief
w machines to carry out rules made by developers. They previde a means for defining thp
e, content and semantics of XML documents.

=}

ument specifies a description method of the STEP parts.family, which defines the transformatio
L constructs to the XSD constructs. Because the XMI standard specifies the XML representatio
[. metamodel constructs, standardizing the binding of SysML constructs into XSD construct]
5 the representation of SysML models as XML schémas.

Vi =

=}

cified mapping is a one-way transformatien*from SysML information model represented i
b an XML schema. These limitations make the mapping unsuitable for the transformation d
y SysML models to XSD.

o)

1%2]

ed knowledge of the W3C XML and-XSD languages, and the OMG systems modelling language i

Structure, conventions and concepts of the XSD;

specification of the transformation from SysML XMI to XSD for each STEP element modelled in
ML.

Vi
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Industrial automation systems and integration — Product

data representation and exchange —

1 Scope

Vide Web Consortium's XML schema definition language) constructs for the purpose of repr
he SysML model represented in XMI (ISO/IEC 19509:2014) as XML (World-Wide Web Cons
(ML) schemas. The specified mapping is a one-way transformation frem SysML informatio
epresented in XMI into an XML schema. These limitations make the ‘mapping unsuitable
ransformation of arbitrary SysML models to XML schemas.

o e SV N e P —ce B S |

The following are within the scope of this document:

XML implementation method;

+ the transformation of SysML metamodel constriicts represented in XMI to XSD construct
purpose of representing SysML information madels as XML schemas.

The following are outside the scope of this document:

STEP extended architecture;

+ the transformation of SysML-hietamodel constructs into XSD constructs for other purpo
representing SysML constructs as STEP concepts;

+ codes and scripts to transform SysML XMI to XSD schema;

1SO/IEC 19757-3);

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
donstitutes requirements of this document. For dated references, only the edition cited app|
yndated references, the latest edition of the referenced document (including any amendments)

'his document specifies the transformation of SysML (ISO/IEC 19514:2017) constricts to XSO} (World

psenting
brtium's
nh model

for the

+ thespecification of the structure, components, and conventions of the XSD for the STEP (ISO 10303-1)

5 for the

4+ the transformation of SysML metamodel constructs into XSD constructs that are not usgd in the

bes than

+ the transformatjen.of SysML constraints (OCL, see ISO/IEC 19507) into Schematron (see

content
lies. For
applies.

ISO 10303-11:2004, Industrial automation systems and integration — Product data representa
exchange — Part 11: Description methods: The EXPRESS language reference manual

ISO/IEC 19505-1:2012, Information technology — Object Management Group Unified Modeling L
(OMG UML) — Part 1: Infrastructure

ISO/IEC 19514:2017, Information technology — Object management group systems modeling |
(OMG SysML)

© IS0 2021 - All rights reserved
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10303-11, ISO/IEC 19505-1,
ISO/IEC 19514 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

J— ISO Onlinabhrawcinag nlatform: ~uailabhla at bhttne: //oarurazrico ora /ohn
e WSS Pprattreorar—=v =2

TrIToroTe-Tre Ittty YV v vv v royOTOT v

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

3.1.1 [Terms and definitions for generic concepts

3.1.11
EXPRESS
language by which aspects of product data can be defined

3.1.1.2
application object
atomic ¢lement of an application reference model that defines a unique.coiicept of the application angl
contain$ attributes specifying the data elements of the object

[SOURCE: ISO 10303-1:1994 2.1.11]

3.1.1.3
data

represehtation of information in a formal manner suitable for communication, interpretation, of
processing by human beings or computers

[SOURCE: ISO 10303-1:2021, 3.1.29]

3114
data m¢del
descriptfion of the organization of data.in-the management information system of an enterprise.

[SOURCE: ISO/IEC 2382:2015, 2121422]

3.1.1.5
implementation method
techniqyie used by computer systems to exchange product data

—

[SOURCE: ISO 10303<1:2021, 3.1.39, modified — In the definition, "part of ISO 10303" has been replace
with "technique’-and the text after "data" has been removed.]

3.1.1.6
inform(Ltion
facts, concepts, arinstructions

[SOURCE: ISO 10303-1:2021, 3.1.41]

3.1.1.7
resulting XSD
XSD based on the transformation specification

3.1.1.8
information model
conceptual model of product data

Note 1 to entry: In ISO 10303, an information model is based on the object-relationship modeling technique that
organizes the product data as represented in different system aspects.

2 © IS0 2021 - All rights reserved
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Note 2 to entry: In ISO 10303, information models may be developed using EXPRESS modeling language.
EXAMPLE Application resource model for ISO 10303-242 managed model-based 3D engineering

[SOURCE: ISO 10303-1:2021, 3.1.42, modified — In the definition, "formal" has been replaced with
"conceptual”; in Note 2 to entry, "are" has been replaced with "may be"; the Example has been changed.]

3.1.1.9

uniform resource identifier

URI

Tring of characters that unambiguousty tdentiffes a particutar resource

[SOURCE: RFC 3986]

3.1.2 Terms and definitions for SysML constructs

31.21

danonical XMI

gpecific constrained format of XMI that minimizes variability andcprovides more predictable
ifdentification and ordering

Note 1 to entry: A canonical XMI file is itself a valid XMI file.
Note 2 to entry: The full definition is provided in ISO/IEC 19509:2014{.Annex B.

3.1.2.2

dssociation

dssociation classifies a set of tuples representing links\between typed model elements
Note 1 to entry: The full definition is provided in ISO/AIEC 19505-1:2012, 11.5.

3.1.2.3

Jquxiliary

dtereotype applied to an abstract blockthat has no properties

Note 1 to entry: The full definition is-ptovided in ISO/IEC 19505-1:2012, Clause 22.

3.1.2.4

block

hodular construct usedfor-defining an entity

Note 1 to entry: Usedfor defining application activity model concepts, application data planning objects,
dpplication domain-model business objects, core model objects and ARM in SysML entities. They can include:
reference, part, and-value properties; constraints. They can be specializations of other blocks.

Note 2 to entry: The full definition is provided in ISO/IEC 19514:2017, Clause 8.

3.1.2.5
domposite aggregation
rlesponsibility for the existence of composed object

Note 1 to entry: If a composite object is deleted, all of its part instances that are objects are deleted with it.
Note 2 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 11.4.1.

3.1.2.6

directed association

association between a collection of source model elements and a collection of target model elements
that is said to be directed from the source elements to the target elements

Note 1 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 7.2.3.3.

© IS0 2021 - All rights reserved 3
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3.1.2.7
enumeration
value type whose values are enumerated

Note 1 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 10.2.3.3.

3.1.2.8
enumeration literal
named value for an enumeration (3.1.2.7)

Note 1 td entry: The full definition 1s provided in [SO/IEC 19505-1:2012, 10.2.3.3.

3.1.2.9
data type
type whose instances are identified only by their value

Note 1 td entry: The full definition is provided in ISO/IEC 19505-1:2012, 10.2.3.1.

3.1.2.1¢
generalization
directed relationship between a more general supertype and a more specific-stibtype

Note 1 tp entry: Each generalization relates a specific classifier to a more general classifier. Given a classifief;
the trangitive closure of its general classifiers is often called its generalizatigns, and the transitive closure d
its specific classifiers is called its specializations. The immediate generalizations are also called the classifier
subtype,|and where the classifier is a class, its supertype.

T <

Note 2 td entry: The full definition is provided in ISO/IEC 19505-1:2012, C.1.1.

3.1.2.11
primitiye type
definitign of a predefined data type, without any substructure

Note 1 td entry: The full definition is provided in ISQAEC 19505-1:2012, Clause 21.

3.1.2.17
part prpperty
property that specifies a part with strong ownership and coincidental lifetime of its containing block

Note 1 td entry: It describes alocal usage or a role of the typing block in the context of the containing block. Ever}y
part property has composite aggregation and is typed by a block.

Note 2 td entry: The full definition is provided in ISO/IEC 19514:2017, 8.3.2.3, paragraph 6.

3.1.2.13
referenice property
property that spécifies a reference of its containing block to another block

Note 1 td entry¢ The full definition is provided in ISO/IEC 19514:2017, 8.3.2.3, paragraph 6.

3.1.2.14
stereotype

limited kind of metaclass that cannot be used by itself but must always be used in conjunction with one
of the metaclasses it extends

Note 1 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 12.3.3.4.

3.1.2.15
value property
property of a block that is typed with a value type

Note 1 to entry: The full definition is provided in ISO/IEC 19514:2017, 8.3.2.3, paragraph 6.

4 © IS0 2021 - All rights reserved
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3.1.2.16

value type

stereotype of UML data type that is used to define types of values that may be used to express
information but cannot be identified as the target of any reference

Note 1 to entry: The full definition is provided in ISO/IEC 19514:2017, 8.3.2.14.

3.1.3 Terms and definitions for XSD constructs

3131

gychema definition language
language for XML schemas

Note 1 to entry: The purpose of an XSD schema is to define and describe a class of XML documents [by using
gchema components to constrain and document the meaning, usage and relationships of their constitugnt parts:
datatypes, elements and their content and attributes and their values.

[SOURCE: World Wide Web Consortium's XML schema definition language (W3C XSD)]

3.1.3.2
global complex type
domplex type (3.1.3.3) that is defined globally in an XML schema

Note 1 to entry: A xsd:complexType can also defined globally and-given a name. Named xsd:complexTypes can
then be re-used throughout the schema, either referenced directly or used as the basis to define other xsd:
domplexTypes. This makes it possible to build more object-ori€nted data structures that are easier to work with
gdnd manage. Only complex types defined globally (as childrén of the <xsd:schema> element can have their own
rlame and be re-used throughout the schema). If they are’defined inline within an <xsd:element> thely cannot
Have a name (anonymous) and cannot be reused elsewhéte.

Note 2 to entry: The full definition is provided in Werld Wide Web Consortium's XML schema definition language.

3.1.3.3
domplex type
det of attribute definitions and contenttype for an element in an XML schema

Note 1 to entry: A xsd:complexType-provides the definition for an XML element. It specifies which element and
Jttributes are permitted and théwrules regarding where they can appear and how many times. They can be used
ip-place within an element definition or named and defined globally.

Note 2 to entry: the full definition is provided in World Wide Web Consortium's XML schema definition language.

3.1.3.4
jttribute type
ame, type ahd-occurrence for a property in an XML schema

Note 1 tojentry: An attribute provides extra information within an element. Attributes have name and type
froperties. An Attribute can appear 0 or 1 times within a given element in the XML document. Attrilputes are
dithér optional or mandatory (by default they are optional). The "use" property in the XSD definition if used to
gpecify if the attribute is optional or mandatory. An attribute is specified within a xsd:complexType, |the type
information for the attribute comes from a xsd:simpleType (either defined inline or via a reference to a built in or
user defined xsd:simpleType definition). The type information describes the data the attribute can contain in the
XML document, such as string, integer, date. Attributes can also be specified globally and then referenced.

Note 2 to entry: The full definition is provided in World Wide Web Consortium's XML schema definition language.

3.1.3.5
compositor
rules for ordering in an XML schema

Note 1 to entry: Compositors provide rules that determine how and in what order their children can appear
within XML document. There are three types of compositors <xsd:sequence>, <xsd:choice> and <xsd:all>.

© IS0 2021 - All rights reserved 5
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— Sequence: The child elements in the XML document shall appear in the order they are declared in the XSD
schema.

— Choice: Only one of the child elements described in the XSD schema can appear in the XML document.
— All: The child elements described in the XSD schema can appear in the XML document in any order.
Note 2 to entry: The full definition is provided in World Wide Web Consortium's XML schema definition language.

3.1.3.6
extension
complex|type (3.1.3.3) that is inherited

j=m

Note 1 t¢ entry: It is possible to take an existing <xsd:complexType> and extend it using <xsd:extension= an
the "bas¢" attribute. The introduced construct <xsd:extension> indicates that an existing type is extended anfl
specifiega new type. The construct <xsd:complexContent> shall be used to as container for the extension.

Note 2 td entry: The full definition is provided in World Wide Web Consortium's XML schema definition languagg.

3.1.3.7

group
reusablg¢ collection of elements and attributes in an XML schema

Note 1 tq entry: Elements and attributes can be grouped together using <xsd:group> and <xsd:attributeGroup3.
These gijoups can then be referred to elsewhere within the schema. Group$._shall have a unique name and b
defined §s children of the <xsd:schema> element. When a group is referred to, it is as if its contents have bee
copied irfto the location it is referenced from.

—

Note 2 td entry: The full definition is provided in World Wide Web(Consortium's XML schema definition languagg.

3.1.3.8
mixed ¢ontent
complex|type (3.1.3.3) that may contain, attributes-eléments and text

Note 1 tp entry: Elements can also contain a combination of element types, complex types and compositorsg.
Element$ and data can be mixed.

Note 2 td entry: The full definition is providedj)in World Wide Web Consortium's XML schema definition languagg.

3.1.3.9
namespace
scope fogr named elements in an XML file

Note 1 t¢ entry: Namespaces.are a mechanism for breaking up your schemas. XSD standard allows to structurf
XSD schgmas by breakingthem into multiple files. These child schemas can then be included into a parent schemg.
Breaking schemas intg multiple files can have several advantages. One can create re-usable definitions that cah
be used 3cross severakprojects. They make definitions easier to read and version as they break down the schem|
into smaller unitsthat are simpler to manage.

j~)

Note 2 td entty¢ The full definition is provided in World Wide Web Consortium's XML schema definition languagg.

3.1.3.1
restriction
definition of acceptable values for elements in an XML schema

Note 1 to entry: The usage of extensions, mixed contents, namespaces, groups, provides the capability to restrict
the definition of a type.

Note 2 to entry: The full definition is provided in World Wide Web Consortium's XML schema definition language.
3.1.3.11

simple type
element type with text-only attributes in an XML schema

6 © IS0 2021 - All rights reserved
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CXMI  canonical XMI

ID identifier

OCL object constraint language
OMG object management group
qTEP  standard for the exchange of product model data
qysML systems modeling language
UML unified modeling language
UoS unit of serialization

YUID  universal unique identifier
URI uniform resource identifier
AMI XML meta-data interchange
AML extensible markup language
xSD XML schema definition

l

. Structure and components of the XSD

.1 General

.2 Presentation conventions

or ease @gfidentification, the fragments of XSD are presented in boxes.

XAMPREE 1  XSD fragment presented in a box

'his clause describes the structuresand components of the resulting XSD. The resulting X5D shall
onform to World Wide Web Consortiim's XML schema definition language (W3C XSD).

'his document shall be unambiguously identified in an open information system by the code d¢fined in
innex A.

'he chapter 5 SysML XMIo XSD provides the mapping specification of each mentioned XSD copstructs
h this clause.

C 4+ 4
AJD CTALIAdUL

The items significant to support the explanations are formatted using bold text effect to aid
identification of the items in the XSD fragment.

EXAMPLE 2

An XML attribute shall be contained in the XML element:

Usage of bold text effect to support the explanation

<Element attribute="...">

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=539200cbcd24fd95e7daf056f35dbeca

ISO/TS 10303-15:2021(E)

4.3 Main components of the XSD

The resulting XSD shall be composed of the following main components:
— the XSD header, located at the beginning of the file;

— the import of the common definitions contained in common.xsd;

— the specification of the DataContainer as a choice of base root objects;

the I(b_y K'v)’ P\bf rbfbrbllbbd
— thellist of application object specifications in XSD;
— thelgroups and simple types corresponding to selects and enumerations.

Each of these components are described in 4.4 to 4.9.

4.4 X$D header
The heafder of the XSD (xsd:schema) defines:
— thenamespaces of the XSD schema,

— reslilting XML schema version.

rding the namespace conventions, the namespace prefix€s are used throughout this part t
refdr to the namespaces identified by the corresponding URI. The prefixes and associated URIs ar
the following:

o

9%

— xmlns:targetNamespace: https://standards.iso.orgfiso/ts/10303/-4442/-ed-1/tech/xml-schema

donpain_model;

— xmlns: https://standards.iso.org/iso/ts/10303/-4442/-ed-1/tech/xml-schema/domain_model;

— xsd| http://www.w3.0rg/2001/XMLSchema;

— xsi:|http://www.w3.org/2001/XMLSchema-instance;

— cmi: https://standards.iso.org/iso/ts/10303/-3000/-ed-2/tech /xml-schema/common;

A valid tesulting XSD headers,provided in the following XSD fragment:

XSD:

<xsd:sghema
xmlrns="https://standards.iso.org/iso/ts/10303/-4442/-ed-1/tech/xml-schema/domain_model"
xmlns:xsd=*http://www.w3.org/2001/XMLSchema"

xmlrsi¢mn="https://standards.iso.org/iso/ts/10303/-3000/-ed-2/tech /xml-schema/common"

targetNamespace="https://standards.iso.org/iso/ts/10303/-4442/-ed-1/tech/xml-schema/domain
model"

version="N10475;2019-06-07">

4.5 Common definitions from common.xsd

The header of the XSD shall be followed by the import of the external XSD. This external XSD specifies
that the resulting XSD shall contain a unit of serialization (UoS) by declaring an xsd:element named
UoS. This external XSD is provided at https://standards.iso.org/iso/ts/10303/-3000/-ed-2/tech/xml
-schema/common/common.xsd.
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The xsd:ComplexType UoS specifies that an XML shall include a UoS object that includes a header
(described below) and one or more DataContainer (see 4.6 below).

The resulting XSD shall add the Key and KeyRef (see 4.7) declarations to this xsd:element.

The declaration of the common.xsd XSD import shall be as follows:

XSD:
<xsd:import namespace=https://standards.iso.org/iso/ts/10303/-3000/-ed-1/tech/xml-schema/

LOINITION

schemaL.ocation="https://standards.iso.org/iso/ts/10303/-3000/-ed-1/tech/xml-schema/comjmon/
rommon.xsd'/>

NOTE 2  The use of “cmn:” in the examples in this document imply the namespace for,the 10303 [common
gchema. The contents of the common.xsd is in Annex B.

The mandatory header element that contains administrative information that'characterizes thg content
df the data package. The header elements are described in ISO 10303-28:2007, 5.2, and are as fdllows:

+ Name: human readable identifier for the XML resource;

+ TimeStamp: date and time when the XML resource was created;

+ Author: identifies the person or group of persons who created the XML resource;
+ Organization: identifies the organization that created;or is responsible for, the XML resource;

+ PreprocessorVersion: identifies the software system that created the XML resource itself, including
platform and version identifiers;

NOTE 3  The preprocessor_version identifies the system that was used to produce the XML resource. This
can be distinct from the software system that created or captured the original information.

1+ OriginatingSystem: identifies the Software system that created or captured the information
contained in the XML resource;including platform and version identifiers;

1+ Authorization: specifies the .release authorization for the XML resource and the signa-tory, where
appropriate;

NOTE 4  The authorization can be distinct from the authorizations for various information units cpntained
within the document!

+ Documentation: free text field for information.
The UoS XSB,also defines the following structural features:

+ BaseObject: This is the generic object from which all entities are extended. This elemenf type is
abstract. This object specifies that all XML elements may have the XML attribute “uid” typed by the
standardized xsd:ID type. In XML dataset ruled by this XSD, its element shall have unique “4id” XML

atTibutes:

EXAMPLE1  Extract of the BaseObject specification
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XSD:
<l-- Base type for all objects -->
<xsd:complexType name="BaseObject" abstract="true">

<xsd:attribute name="uid" use="optional" type="xsd:ID"/>

</xsd:complexType>

— BaspRootObject: This is an extension of BaseObject and is abstract. The intent is that the elementf
allowed to be instantiated inside the DataContainer element should be an extension of this objeet;

1}

— Reféerence: An object used for referencing other objects in the XML. It has a mandatory XME-attributp
“uidRef” typed by the standardized xsd:IDREF. This mechanism is described in more details in 4.7,

EXAMPLE 2  Extract of the Reference specification

XSI:
<xisd:complexType name="Reference">

<xsd:attribute name="uidRef" type="xsd:IDREF" use="required"/>

</ksd:complexType>

4.6 Base root objects names and the DataContainer

ComplexType definition of the DataContainer shall be defined as an extension of the cmm:DataContainer.
It shall fontain a list of choices of all the elementscavailable as root objects. The root objects can bg
instantipted inside the DataContainer element. The name of the ComplexType is the concatenation g
the module short name and the substring “DataContainer”.

)

EXAMPLE Extract of the AP242DataCoinitainer specification with the example of two BaseRootObject]
(Activitylelement and ActivityMethod element)

2]

XSD:
<xsd:domplexType name="AP242DataContainer">
<xsdjcomplexContent>
<xsd:extension base="¢mn:DataContainer">

<xdd:choice minfOccurs="0" maxOccurs="unbounded">

<xsd:element name="Activity" type="Activity" minOccurs="0" maxOccurs="unbounded"/>

<¥sd:€lement name="ActivityMethod" type="ActivityMethod" minOccurs="0" maxOccurs="un-
bounded®/>

Each choice represents an element specified in the application object specification and shall have a
minOccurs="0" and a maxOccurs="unbounded”.

Base root objects are defined, like the other entities, in the list of application object, described in 0
below.

4.7 Key-KeyRef references

The XSD language provides a mechanism for keys and key references in order to create reference
relationships between elements through the value of an XML attribute or contained element. The xsd:
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key and xsd:keyref elements are used to create such a relationship and are contained in the UoS in
an XML instance. Key and KeyRef define the allowed reference relationships between the XSD element
types. The uidRef XML attribute use used to reference an existing element with the same value in its uid
XML attribute.

Keys and Keyrefs shall be included in the xsd:element named UoS as shown below.

XSD:

<xsd:element name="Uos" type="cmn:Uos">

<xsd:key

A key shall be defined as below:

KSD:
<xsd:key name="Class_key">
<xsd:selector xpath="DataContainer/Class"/>

<xsd:field xpath="@uid"/>

</xsd:key>

o

L KeyRef shall be defined as below:

XSD:

<xsd:keyref name="ActivityAssignment_Role_Class_keyRef" refer="Class_key">
<xsd:selector xpath=".//ActivityAssignmenty/Role"/>
<xsd:field xpath="@uidRef"/>

</xsd:keyref>

As shown above, the XSD Key and*Keyref specifies that the uidref XML attribute of the Role re¢ference
dlement contained in the ActivityAssignment object, shall reference an existing Class object {ising its
ynique uid XML attribute. An\XSD validator is able to use the key/keyref declaration to validqte if the
reference relationship is allowed in an XML dataset.

The definition of a reférence attribute is specified in 4.8.2.
4.8 The listofapplication object specifications

4.8.1 Listand definition of the entities as application object specifications

N

\n entity, or an application object definition is contained in the xsd:element UoS.

An-entitvisdefined by an qu-r‘nmp]m(']“vpp declaration:

XSD:
<xsd:complexType name="EntityName" abstract="true OR false”>
<xsd:complexContent>
<xsd:extension base="cmn:BaseRootObject OR cmn:BaseObject OR supertypename">

<xsd:sequence>

— xsd:complexContent follows in order to specify the inheritance and the attributes;
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— the base XML attribute of the xsd:extension shall be the name of element from which the current
defined element is specialized or cmn:BaseRootObject, or cmn:BaseObject. BaseRootObject and
BaseObject are described in 4.8.4;

— xsd:sequence specifies the ordered list of allowed object attributes (see 4.8.2).

4.8.2 Object attribute specifications

The optionality and cardinality rules are defined in 4.8.3.

The xsd:element below declares a contained object attribute with cardinality of 0.*. It is named\af
Attributle1, typed as the entity AttributeTypel.

XSD:

<xsd:element name="Attributel" type="AttributeTypel” minOccurs="0" maxOcCeurs="unbound-
ed"/>

The xsd:element below declares a reference object attribute with cardindlity of 1, as typed as cmi:
referenge, named RefAttribute. The allowable types of the reference are provided by the Key/Keyrdf

xpath specifications (see 4.7).

XSD:

<x¥sd:element name="RefAttribute” type="cmn:Referenee">

The xsdtelement below declares an object attribute with a cardinality of 0..*. It is represented by tw
levels of XML elements. The first XML level shows tliat the entire element is optional. It has no typ
declarafion because that is defined by the inner elehient. It has the name SameAs. The second XML levd

—_— (D

is an ordlered list of one or more object attributes,with the name Proxy and typed as the entity Proxy.
XSD:
<xsd:element name="SameAs" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="Proxy" type="Proxy" maxOccurs="unbounded"/>
< /xsd:sequencex
<|/xsd:complexType>
</lksd:element>
An obje¢t attribute that is typed to a select data type is represented by two levels of XML elements. Ih
the example below the name of the object attribute is RelationType, it is typed to the select data typk

“ClassSelect” and it has a cardinality of 1. The first XML level has the name RelationType and shows that

12
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the entire element is mandatory. It has no type as that is provided by the second level. The second XML
level is a group (see 4.9.1) representing for the select data type ClassSelect.

XSD:
<xsd:element name="RelationType">
<xsd:complexType>

<xsd:group ref="ClassSelect"/>

L pa | 1 T
/ ADL{.\.UIIIHICA 1)’ IJC

</xsd:element>

4.8.3 Attributes optionality and cardinality

The XML attributes minOccurs and maxOccurs define the optionality and(the cardinality (also
rnamed multiplicity) of the object attributes. minOccurs is lower limit of instances and max(ccurs is
ypper limit of instances. minOccurs="0" means it is an optional attribute. minOccurs="1" megans it is
handatory. maxOccurs="Unbounded” means it is not limited in terms,ofinstances. When mipnOccurs
dnd maxOccurs are omitted in the XML attribute declaration, it means-their value is 1.

4.8.4 Base rootobjects

Hlements that may be instantiated under the DataContainer‘element shall be a specialization of base
oot object using the extension cmn:BaseRootObject. AnXSD element with such an extension ghall not
be contained in another XML element, but may be referenced via the Key-KeyRef reference relatipnships.

BXAMPLE The extract of the specification of the(émn:BaseRootObject, named here “Part”, is presented
Relow:

KSD:
<xsd:complexType name="Part">
<xsd:complexContent>
<xsd:extension base="cmn:BaseéRootObject">
<xsd:sequence>
<l--Attributes defined in the entity-->
<xsd:element name="Classified As" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsdselement name="Classification" type="Classification" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

<xsd:element name="Versions">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="PartVersion" type="PartVersion" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<l--Attributes embedded in the entity-->
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<xsd:element name="ActivityAssignment" type="ActivityAssignment" minOccurs="0"
maxOccurs="unbounded"/>

<xsd:element name="ActivityMethodAssignment" type="ActivityMethodAssignment"
minOccurs="0" maxOccurs="unbounded"/>

<xsd:element name="WorkRequestAssignment" type="WorkRequestAssignment"
minOccurs="0" maxOccurs="unbounded"/>

</xsd:sequence>

</x9d:extension>
</xsd:complexContent>

</xsd:complexType>

4.8.5 [Base objects
Base objects are non-root-based objects define objects that can only exist as a part of another object.

A base dbject has the extension cmn:BaseObject when it has no supertypes.

EXAMPLE 1  The extract of the specification of the base object, named here “PattVersion”, is presented below

XSD:
<xsd:cqmplexType name="PartVersion">
<xsdijcomplexContent>
<xsd:extension base="cmn:BaseObject">

<xdd:sequence>

A base dbject has the extension of its direct supertype entity when it has a supertype

EXAMPLE 2  The extract of the specification of a subtype, named here “AssemblyDefinition”, of the supertypt,
named hre “PartView”, is presented below:

XSD:
<xsd:complexType name="AssemblyDefinition">
<xsdjcomplexContent>
<xsd:extension basez"PartView">

<x4d:sequenees

4.8.6 [Instantiation of a subtype

When an entity is declared as a subtype of another entity, the subtype entity’s xsd:complexType
specifies this inheritance in the xsd:extension’s base field. When such subtype is instantiated, the XML
element representing this subtype is named by the first parent, or ancestor, of this subtype, which is
either a BaseRootObject or a BaseObject. The subtype name is specified in the xsi:type attribute of this
XML element.

EXAMPLE The two extracts below present the definition and the instantation of the object named here
“PlannedActivity”, which is a subtype of the object named here “Activity”:
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XSD representation:

XSD:
<xsd:complexType name="PlannedActivity">
<xsd:complexContent>

<xsd:extension base="Activity">

XML representation:

KSD:
<KActivity uid="..." xsi:type="PlannedActivity">

<Description>

4.8.7 Representation of XML identification attribute

Two representations are supported:

4+ compact representation of the most used variant “simple string”;

4+ optimized representation for the other variants:

— associated context and/or role;

— multiple identifiers;

+ idRoleRef references the uid of a class, ExternalClass or ExternalOwlClass;
+ idContextRef references the uid of an identifier or an organization;

+ ifan identifier is set, Id.id shall not be set.

The Id object is a special declaration'in the XSD and defined as below. It has no extension declaged.

KSD:
<xsd:complexType name="1d">
<xsd:sequence>
<xsd:elementiame="Identifier" type="Identifier" minOccurs="0" maxOccurs="unbounded"/>
</xsd:seqiiénce>

<xsd:attpibute name="id" type="xsd:string" use="optional"/>

</xsd:complexType>

y Ithouch nat declarad in tho XSD tho XMI inctancoc chall havo githortho YXMI attributo Id or nu]tlple
eI Ho-aeerdFeaitHe Ao tHe A SR ee S SHd i Have-etR e tie- Attt HpDHte 1656+

Identifier elements of type of Identifier. The Id object is used as shown below.

XSD:

<xsd:element name="1d" type="1d"/>

Other attributes are able to use the Id type.

EXAMPLE Other attribute using the Id type
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XSD:

<xsd:element name="Versionld" type="Id" minOccurs="0"/>

4.8.8 Multilanguage support
Two representations are supported:

— compact text strings with optional language indication;

— xsd|language is used for the language indication: country and language code conforming, t
RF({ 3066.

o

The obj¢ct definition refers to ISO 639-2 for the language code and to ISO 3166-1 for the country code
They enpble the specification of a language code optionally followed by a country code, for example "en
or "en-US".

EXAMPLHE 1  Extract of the specification of the DefaultLanguage element

XSD:

<xsd:element name="DefaultLanguage" type="xsd:language" minOccurs="0"/>

EXAMPLE 2  Extract of the usage of the of language type which types the attribute named here “lang”

XSD:
<xsd:cqmplexType name="LocalizedString" mixed="true">
<xsdicomplexContent mixed="true">
<xsd:extension base="cmn:BaseObject">
<xdd:attribute name="lang" type="xsd:language" use="optional"/>
</xdd:extension>

</xsd:complexContent>

</xsd{complexType>

4.8.9 [Representation of date and time

Date angl time is represented using xsd:dateTime.

EXAMPLE Extract of the definition of the ActualEndDate typed as dateTime

XSD:

<xsd:element naime="ActualEndDate" type="xsd:dateTime" minOccurs="0"/>

4.9 Groups and simple types corresponding to selects and enumerations

49.1 Group

xsd:group is used to define a select data type. The xsd:group is followed by a xsd:choice, and then by
the list of members as xsd:element. The xsd:element are usually either all typed to cmn:Reference or
all typed to a contained object depending on whether the select data type is used as a contained or
referenced object attribute. Those xsd:element can be typed as references, contained or as simple type
such as xsd:string.

EXAMPLE Extract of the specification of the group named here “ActivityAssignmentSelect”
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XSD:
<xsd:group name="ActivityAssignmentSelect">
<xsd:choice>
<xsd:element name="Activity" type="cmn:Reference"/>
<xsd:element name="ActivityAssignment" type="ActivityAssignment"/>

<xsd:element name="ClassString" type="xsd:string"/>

4.9.2 Enumeration

HEnumerations types are defined using xsd:simpleType, followed by xsd:restriction in‘order to limit the
thembers as defined strings only, and finally the list of string members.

BXAMPLE Extract of the specification of the enumeration named here “AssemhblyJointTypeEnum”

XSD:
<xsd:simpleType name="AssemblyJointTypeEnum">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="bolted_connection"/>

<xsd:enumeration value="circular_compressed_crimpéd_connection"/>

4.9.3 Simple type

Lo

imple type that are not defined by XSD standard, such as xsd:string, shall be defined using an xsd:
dimpleType. The example below is the definition of the logical simple type.

HXAMPLE Extract of the specification of the simple type named here “logical”

KSD:
<xsd:simpleType name="logical">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="false"/>
<xsd:enumeération value="true"/>
<xsd:enunteration value="unknown"/>

</xsd:réstriction>

</xsd:simpleType>

5 SysML XMI to XSD

5.1 General

This clause describes the concepts and rules for the transformation mapping from a STEP SysML model
stored as a CXMI file to an XML schema (XSD).
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5.2 Presentation conventions

For ease of identification, the fragments of SysML, CXMI and XSD are presented in separate boxes.

EXAMPLE1 SysML, CXMI, and XSD presented in separate boxes

SysML:

CXMI:

XSD:

The iten
of the ed
item, dif

EXAMPL
CXM]J, an

bol

underline;

itall

mixed effects.

Triple d
contain

s significant to support the explanations are formatted using text-effects to aid identification
uivalent items in the SysML, CXMI, and XSD fragments. When there is more than one significant
ferent text effects are used for the different items. The following text effects are used:

;

C;

bts (“...”) are used to hide content not relevant to a fragment. Curly brackets “{xxx}” are used t
descriptive words of the content in the resulting CXMI.

o

E 2  Usage of Bold and Italic text effects to ease the identification of the significant items in SysMIL,

d XSD fragments, and the usage of triple dots “...” and curly brackets “{umlid}”

SysML:

Class <4

Block>> named StepEntityName

CXMI:

<packa

<nan

bedElement xmi:type="uml:Class' xmi:id="{umlid}' xmi:uuid="...">

ne>StepEntityName</name>

XSD:
<xsd:complexType name="StepEntityName">

<xsd:complexContent>

18
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5.3 Common mapping conventions

5.3.1 Reference to external files

All the references in the SysML canonical XMI fragments are given as xmi:idref which assumes

021(E)

that the

referenced element is contained in the same XMI file. When the referenced element is in a different XMI
file the href is used instead. This is the case for all reference to primitives and can be case for other

references.

Nl oz Lo

Laoll 1 £, 1o 1
TC Ty pPCTIIT et Starr oy\.\,u_y ar \,lauvx, TCTCTCTICT \,u AITOUTTICT \,1\,111\,11\,

CXMI:

<ownedAttribute xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Property">
<name>Text</name>

<type href="../../../DataTypes.xmi#STRING"/>

...other tags...

</ownedAttribute>

General href shall specify a relative reference to an element in another CXMI file.

CXMI:

<packagedElement xmi:id="{...}" xmi:uuid="{...}" xmi:typé="uml:Class">
<name>DateTimeAssignment</name>

<generalization xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Generalization">

<general href="../../Core_model/RequirementManagement/RequirementManagement.xmif
| _8e001ed_1504250730055_679435_26318'/>

</generalization>

...other tags...

< /packagedElement >

t 18_4_

3.3.2 Xmi:id, xmi:uuid,'and UUID

A CXMI file uses xmi:id)value to make references between all kinds of element. An xmi:id can
¥mi:idref attribute:

dlause, this attribute is omitted.

8.3.3 {»Assumed sysml:Block in fragments

be in an

Ami:uuid (UUIDYis not relevant to be included in the mapping transformations. After the first pnapping

Canonlcal XMI This is not repeated in the remaining examples where only xmi:type= uml Class” is
included and the sysml:Block is assumed.

SysML:

Class <<Block>>

© IS0 2021 - All rights reserved
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CXMI:

<sysml:Block xmi:id="..." xmi:uuid="...">
<base_Class xmi:idref="{umlid}"/>

</sysml:Block>

<packagedElement xmi:type="uml:Class' xmi:id="{umlid}' xmi:uuid="..">

<name>StepEntityName</name>

</packagedElement>

5.3.4 [Containment and reference relationships

The EXPRESS language (ISO 10303-11) does not distinguish between referencerelationships angl
containfnent relationships. SysML and XSD support both types of relationship.

A reference relationship is a directed association attribute between two entitiées. A referenced entity by
an attribute is an entity that can be referenced multiple times, and which.exists standalone. Base rogt
object entities are always referenced, never contained.

A contalinment relationship is a directed aggregation attribute‘between two entities. A containe
entity i an entity that is owned by the entity that defines the.containment relationship attribute. Th
contain¢d entity does not exist if the containing entity dae$ynot exist. A simple type is necessaril
containgd.

~ (D =

5.3.5 [Used stereotypes to represent EXPRESS coiicepts
Two exifting UML stereotypes are used to represent specific STEP concepts:

<<Auxiljary>> stereotypes represent selectdata objects. Select data objects are represented as abstradt
Blocks ih SysML.

<<Type¥> stereotypes represent twospecific types of blocks:
— blogks that represents list df lists;

— blogk that represents ValueType in order to be able to include them as member in selects.

5.3.6 [Select type and/supertype

vi

In STEP|concepts, select types are not defined as entities but as types and are therefore not defined a
supertypes of an‘entity. In SysML, an entity identifies the supertype entities and select data types usin
the gendralizdtion relationship. For this document, the term supertype excludes any select data types.

Uy

5.4 Mapping of the DataContainer

The DataContainer component is described in 4.6. The SysML package that includes the STEP data
model shall be a DataContainer in the resulting XSD.

SysML:

Package that includes directly the STEP data model represented in SysML and intended to be trans-
formed and implemented
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CXMI:
<uml:Package xmi:type="uml:Package" xmi:id="...">

<name>STEP_AP242_Domain_model</name>

<packagedElement ...

KSD:
<xsd:complexType name="AP242DataContainer">
<xsd:complexContent>

<xsd:extension base="cmn:DataContainer">

<xsd:choice minOccurs="0" maxOccurs="unbounded">

5.5 Mapping of Keys and KeyRefs

8.5.1 General
The Key-KeyRef XSD component is defined in 4.7 and shall‘be used to specify reference relationjships.

This subclause starts by an example for clarity and:by an important note of the inheritance infthe Key
gdnd KeyRefs mechanism: as described in 4.8.6 (Instantiation of a subtype), xpaths specified in} xsd:key
dnd xsd:keyref use the ancestor supertype name.

HBXAMPLE The entity, its reference attribute, the associated KeyRef and the associated key:

KSD:
<xsd:complexType name="AssermblyOccurrenceRelationshipSubstitution">
<xsd:complexContent>
<xsd:extension base="¢cmn:BaseObject">
<xsd:sequence>

<xsd:elementname="Related" type="cmn:Reference"/>

<xsd:keyref name="AssemblyOccurrenceRelationship_keyRef" refer="ViewOccurrenceRelation-
ship_key">
<xsd:selector xpath=".//AssemblyOccurrenceRelationshipSubstitution/Related"/>
—xsa el xpati="@uidRef />
</xsd:keyref>

<xsd:key name="ViewOccurrenceRelationship_key">

<xsd:selector xpath=".//DeltaChangeActivity/CurrentDesignObject/ViewOccurrenceRelation-
ship|.//DeltaChangeActivity/PreviousDesignObject/ViewOccurrenceRelationship|.//PartView/Vie-
wOccurrenceRelationship”/>

<xsd:field xpath="@uid"/>

</xsd:key>
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AssemblyOccurrenceRelationshipSubstitution entity has a reference attribute named Related. The type
of this attribute is AssemblyOccurrenceRelationship, but this entity is a subtype. Its ancestor supertype
is ViewOccurrenceRelationship.

In the xsd:selector of the xsd:key, multiple xpaths are declared. In this example, three xpaths are specified,
that are all the possibilities when a reference attribute is typed by ViewOccurrenceRelationship in a
given XSD model.

In 5.5.2 and 5.5.3, the naming conventions of the name of the Key names and the KeyRef names are
provided in the XSD extracts.

5.5.2 |Mapping of KeyRef

Three c

three cases provides the mapping requirements.

1) Thefirst case is when the reference mechanism refers to an entity:

22

hses shall be distinguished in order to map a KeyRef. The extracts presented in the'followin

1=}

P

SysML:

<<Reference Property>>, that defines a directed association to an entity Class <<Block>>. This
blofk is the type of this Reference Property.

CXMI:

<ownedAttribute xmi:id="{xmi id of an attribute}" xmi:uwid="..." xmi:type="uml:Property">
<name>Attributel</name>

<type xmi:idref="{xmi id of the TYPE of the.attribute}"/>

It should NOT contain:

A

hggregation>composite</aggregation>

AN
e

AVAR Y}

A

name>StepEntityName = Typeof TheAttributel</name>

ckagedElement xmi:type="uml:CGlass’ xmi:id="{ xmi id of the TYPE of the attribute}' xmi:uuid=

XSI:
- Sfecification ofithe attribute inside an Entity’s xsd:complextype:
<xsd:elementthame="Attributel" type="cmn:Reference" minOccurs="0">

- Sfecifieation of the KeyRef:

<xsd;keyref name="NameOfTheEnity NameOfTheAttribute_TypeofTheAttribute_keyRref"

refer="FypeoftheAttribute—key"
<xsd:selector xpath=".//NameOfTheEntity/Attributel"/>
<xsd:field xpath="@uidRef"/>
</xsd:keyref>
- Specification of the typing Entity:
<xsd:complexType name="StepEntityName">

<xsd:complexContent>
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2) The first case is when the reference mechanism refers to a select without one or multiple simple
types, such as a member typed as a “string”:

SysML:

<<Reference Property>>, that defines a directed association to a select Class <<Block>>. This
block is the type of this Reference Property that represents a select without a string member.

CXMI:

<ownedAttribute xmi:id="{xmi id of an attribute}" xmi:uuid="..." xmi:type="uml:Property|>
<name>Attributel</name>

<type xmi:idref="{xmi id of the type of the attribute}"/>
It should not contain:

<aggregation>composite</aggregation>

XSD:

<xsd:element name="Attributel" type="cmn:Reference">

Type of Attributel is a select:

<xsd:group name="Select">

<xsd:choice>

<xsd:element name="Memberl" type="cmn:Reference"/>
<xsd:element name="Member2" type="cmn:Reference"/>

<xsd:element name="Member3" type="cmn:Reference"/>
</xsd:choice>

</xsd:group>

<xsdikeyref name="NameOfTheEnity_NameOfTheAttribute_SelectName_keyRref" referf"Se-
lectName_key">

<xsd:selector xpath=".//NameOfTheEntity/Attributel"/>
<xsd:field xpath="@uidRef"/>

</xsd:keyref>

3) The first case is when the reference mechanism refers to a select with one or multiple simple
types:

SysML:

<<Reference Property>>, that defines a directed association to a select Class <<Block>>. This
block is the type of this Reference Property that represents a select with a string member.
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CXMI:
<ownedAttribute xmi:id="{xmi id of an attribute}" xmi:uuid="..." xmi:type="uml:Property">
<name>Attributel</name>

<type xmi:idref="{xmi id of the type of the attribute}"/>

el

{ should not contain:

A

hggregation>composite</aggregation>

XSh:

A

ksd:element name="Attributel" type="cmn:Reference">

Type of Attributel is a select:

<xsd:group name="Select">

<xsd:choice>
<xsd:element name="Memberl" type="cmn:Reference"/>
<xsd:element name="Member2" type="cmn:Reference"/>
<xsd:element name="Member3" type="xsd:string"/>

</xsd:choice>

</xsd:group>

A

ksd:keyref name="NameOfTheEnity_NameOfTheAttribute_TypeOfMemberl_keyRref"
ref¢r="ExternalClass_key">

<xsd:selector xpath="..//NameOfFheEntity/Attributel"/>
<xsd:field xpath="@uidRef"/>
xsd:keyref>

ksd:keyref name="NaméeOfTheEnity NameOfTheAttribute_TypeOfMember3_keyRref"
ref¢r="TypeOfMember2-key">

<xsd:selector xpath=".//NameOfTheEntity/Attributel"/>
<xsd:field xpaths"@uidRef"/>
xsd:keyref>

A

A

A

No keyref'created for the string. The string will be necessarly contained in the entity block.

5.5.3 [Mapping of key

If areference attribute exists, it is represented by a SysML reference property, that be typed by an entity
block or a select block (attribute mappings are detailed in 5.17). For each of these typing blocks, an xsd:
key is created. The xpath specified by the xsd:key provides all possible instantiable xpaths pointing
to such entity attribute. The extracts presented in the following three cases provides the mapping
requirements.

SysML:

An entity Class <<block>> or a select Class <<block>> that specifies the type of, at least, one <<Refer-
ence Property>>.
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CXMI:
In this extract, an entity block is typing one reference property in Entity1, and another reference
property in Entity2.
Entity1 contains:
<ownedAttribute xmi:id="..."
<name>NameOfTheAttributel</name>
<type xmi:idref="{uml id of the typing Block}"/>

xmi:type="uml:Property">

<association xmi:idref="..."/>

[t should not contain:
<aggregation>composite</aggregation>
Entity2 contains:
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>NameOfTheAttribute2</name>
<type xmi:idref="{uml id of the typing Block}"/>

non

<association xmi:idref="..."/>

It should not contain:
<aggregation>composite</aggregation>

XSD:

<xsd:key name="TypingBlock_key">
<xsd:selector xpath=".//Entityl/Attributel|.//Entity2/Attribute2"/>
<xsd:field xpath="@uid"/>

</xsd:key>

5.6 Mapping of entity

llist of applicatiofirobjects is provided in clauses 4.8 and 4.9.

definitionof'a new xsd:complexType with xsd:complexContent corresponding to that SysML block.

o

\ SysMEblock shall be transformed to an XSD complexType.

Hor each SysML block declaration (that is not an abstract <<auxiliary>>), the XML schema contfains the

SysM:

Class <<Block>>

CXMI:
<packagedElement xmi:type='uml:Class' xmi:id="{umlid}' xmi:uuid="..">

<name>StepEntityName</name>
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XSD:
<xsd:complexType name="StepEntityName">

<xsd:complexContent>

5.7 anning of abstract entityu
. pHIg-06

T OO T TSIty

A SysMIl abstract block shall be transformed to an XSD ComplexType with its abstract attribute-set as
true.

SysML:
Class <¢Block>> with abstract parameter set as true

CXMI:
<packapedElement xmi:type="uml:Class' xmi:id="{umlid}' >
<nanje>StepEntityName</name>

<ispbstract>true</isAbstract>

XSD:
<xsd:cdmplexType name="StepEntityName" abstract="true">

<xsdicomplexContent>

5.8 pping of entity with éne supertype

A SysMI subtype block shall be' mapped to an XSD complexType including the name of the supertyp
XSD complextType in the attribute base of the xsd:extension element.

D

SysML:

Class <3
is, form
block.

cBlock>>with general parameter including the name of the supertype block. The supertyping
ally, represented as a generalization relationship from the subtype block to the supertype
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CXMI:
<packagedElement xmi:type='uml:Class' xmi:id="{umlid}'>

<name>SubtypeEntity</name>

»on nmon

<generalization xmi:id="..." xmi:uuid="..." xmi:type="uml:Generalization">

<general xmi:idref=' {xmi:id of the Supertype}

</generalization>

KSD:
<xsd:complexType name="SubtypeEntity">
<xsd:complexContent>

<xsd:extension base="NameOfSupertypEntity">

5.9 Mapping of entity with multiple supertypes

o N

and their supertypes recursively) shall be added to the xsd:sequence of the xsd:complexType.

Multiple inheritance is where the SysML block has. fiore than one supertype that is not an auxiliary. As
[SD only permits single inheritance (xsd:extension), blocks that have multiple inheritance shqll select
he most appropriate of the supertypes to use-as the extension. The properties of the other sugertypes

bysML:

ng is, formally, represented as-a generalization relationship from the subtype block to the multiple
supertype blocks.

Class <<Block>> with general parameter including the names of the supertype blocks. The supprtyp-

CXMI:
<packagedElement xmi:type="uml:Class’' xmi:id="{fumlid}’ xmi:uuid="..">

<name>EntityX</name>

»non mon

<generalization xmi:id="..." xmi:uuid="..." xmi:type="uml:Generalization">

<general Xml-ldref—" "{xmi:id ofthe EntityA}"/>
<Jgeneralization>

»n o mon

<generalization xmi:id="..." xmi:uuid="..." xmi:type="uml:Generalization">
<general Xml.ldref—" “Ixmi:id ofthe EntityB}"/>

</generalization>

<ownedAttribute xmi:id=".

<name>AttributeX1</name>

nmon nmon

xmi:uuid="..." xmi:type="uml:Property">

</ownedAttribute>
<ownedAttribute xmi:id="..

nmon

xmi:uuid="..." xmi:type="uml:Property">
<name>AttributeXZ</name>
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</ownedAttribute>

<packagedElement xmi:type="uml:Class' xmi:id={xmi:id of the EntityA}' xmi:uuid="..">
<name>EntityA</name>
<generalization>...</generalization>

<ownedAttribute sxmiid=""xmiuuid=" "vmi-fypn—"nm'-Drnporf:y"\

<name>AttributeAl</name>

</owpedAttribute>
<owrledAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">
<name>AttributeA2</name>

</owpnedAttribute>

<packapedElement xmi:type="uml:Class' xmi:id="{xmi:id of the EntityB}' xmi:uuid="..">
<nanje>EntityB</name>

<geng¢ralization xmi:id=".." xmi:uuid="..." xmi:type="uml:Generalization">

<general xmi:idref="="{xmi:id of the EntityC}"/>
</generalization>
n n

<owrledAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">
<name>AttributeB1</name>

</owpedAttribute>

<packagedElement xmi:type="uml:Class' xmi:id="{xmi:id of the EntityC}' xmi:uuid="..">
<nanje>EntityC</name>
<owrledAttribute xmi:id=".."” xmi:uuid="..." xmi:type="uml:Property">
<name>Attribute€1</name>

</owpedAttribute>
<owrledAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">

<na1|ne>AttributeC2</name>

</ownedAttribute>

XSD:
<xsd:complexType name="EntityX">
<xsd:complexContent>
<|- X WARNING***** Multiple Inheritance: EntityA EntityB -->
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"

<xsd:extension base="EntityA">
<xsd:sequence>
<xsd:element name="AttributeX1">...</xsd:element>
<xsd:element name="AttributeX2">...</xsd:element>
<l--+++++NOTE+++++ Attributes for additional supertype: EntityB-->
<xsd:element name="AttributeB1">...</xsd:element>
<l--+++++NOTE+++++ Attributes for additional supertype: EntityC-->
<xsd:element name="AttributeC1">...</xsd:element>
<xsd:element name="AttributeC2">...</xsd:element>

The above fragment has the following features:

+ CXMIL

— EntityX has two supertypes EntityA and EntityB;
— EntityB has a supertype EntityC;

— all the entities have properties;

1+ XSD xsd:complexType for EntityX:

— acomment starting with *****WARNING*****{o.show that EntityX has multiple inherjtance of
EntityA and EntityB. Alternative text may be“tised. This comment does not need to be slecified;

— an xsd:extension for the supertype EntityA;
— the xsd:element for properties AttributeX1 and AttributeX2 of EntityX;

— a comment starting with ++++£NOTE+++++ to show that the following xsd:element arg from a
different entity. Alternative text may be used. This comment does not need to be specified;

— the xsd:element for property AttributeB1 of EntityB;

4+ asecond comment starting with +++++NOTE+++++ to show that the following xsd:element are from
a different entity. Alternative text may be used. This comment does not need to be specifiegl;

+ the xsd:elementfor'properties AttributeC1 and AttributeC2 from EntityC.

5.10 Mapping.of entity without supertype and not used by containment

An entity, (SysML block) without supertype, not used by containment, and not aggregatpd by a
relatiofiship or an inverse relationship, shall be transformed to a base root object. XSD Base ro¢t object
if described in 4.8.4.

SysML:

Class <<Block>> with parameter ‘all general classifier’ that doesn’t include a non-<<auxiliary>> Class
<<Block>>, or more formally said: no generalization relationships to any entities (non-<<auxiliary>>
blocks).
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CXMI:

<packagedElement xmi:type="uml:Class’ xmi:id="{fumlid}">
<name>BaseRootObjectEntityName</name>

The following should not be found in this packagedElement:

»non nmon

<generalization xmi:id="..." xmi:uuid="..." xmi:type="uml:Generalization">

<general xmi:idref="{xmi:id of a Supertype}"/>
</generalization>
The following should not be found in the rest of the file:
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<rlame>...</name>
<dggregation>composite</aggregation>

<type xmi:idref="{fumlid}"/>

XSD:
<xsd:domplexType name="BaseRootObjectEntityName">
<xsdjcomplexContent>

<xsd:extension base="cmn:BaseRootObject">

5.11 Mapping of entity without supertype and used by containment

An entitly (SysML block) without supertype,used by containment, shall be transformed to a base object.
XSD bage object is described in 4.8.4.

SysML:

Class <¢Block>> with parameter/all general classifier’ that doesn’t include a non-<<auxiliary>> Class
<<Block>>, or more formally.said: no generalization relationships to any entities (non-<<auxiliary>>
blocks)
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CXMI:

<packagedElement xmi:type="uml:Class' xmi:id="{umlid}">
<name>BaseObjectEntityName</name>

The following should not be found in this packagedElement:

» o nmon

<generalization xmi:id="..." xmi:uuid="..." xmi:type="uml:Generalization">

<general xmi:idref="{xmi:id of a Supertype}"/>
</generalization>
[he following shall be found in the rest of the file:
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>...</name>
<aggregation>composite</aggregation>

<type xmi:idref="{fumlid}"/>

KSD:
<xsd:complexType name="BaseObjectEntityName">
<xsd:complexContent>

<xsd:extension base="cmn:BaseObject">

5.12 Mapping of simple type

Jimple types are described in 4.9.3.In order to follow the semantics of EXPRESS (to enable HXPRESS
from/to SysML mappings), it is necessary to use STEP own simple types (also named primitiv¢ types).
Hor example, number is a generalization of real, that is a generalization of integer. The UML/SysMIL types
Q
1

o not have this relationship between the primitive types. The extracts below provide the mapping
equirements.

SysML:
PrimitiveType\STRING <<ValueType>>

CXME

<packagedElement xmi:id="STRING" xmi:uuid="..." xmi:type="uml:PrimitiveType">

<name>String</name>

</packagedElement>

XSD:

xsd:string
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SysML:
PrimitiveType NUMBER <<ValueType>>

<isAbstract>true</isAbstract> <O

</pagkagedElement>

XSD:
xsd:dpuble

SysML: N
Prim{tiveType REAL <<ValueType>>

&
CXMI: K\
<packagedElement xmi:id="REAL" xmi:uui ;“'9"xmi:type="uml:Primitive?j/pe">
<namme>Real</name> \\Q

<genjeralization xmi:id="_generalization-REAL_NUMBER" xmi:uuid="..." xmi:type="uml:
Generalization">

<gdneral xmi:idref:"NUMB@Q>

</generalization>
N
</pad kagedElemenp\c,)

SysML:
PrimitiveType INTEGER <<ValueType>>
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CXMI:
<packagedElement xmi:id="INTEGER" xmi:uuid="..." xmi:type="uml:PrimitiveType">
<name>Integer</name>

<generalization xmi:id="_generalization-INTEGER_REAL" xmi:uuid="..." xmi:type="uml:
Generalization">

] A | F!' DAL L
scucx Al AL IUTCIT= INL1L /

</generalization>

</packagedElement>

KSD:

xsd:integer

bysML:
PrimitiveType LOGICAL <<ValueType>>

CXMI:
<packagedElement xmi:id="LOGICAL" xmi:uuid="...." xmi:type="uml:Enumeration">
<name>Logical</name>
<ownedLiteral xmi:id="UNKNOWN " xmi:uuid="..." xmi:type="uml:EnumerationLiteral ">
<name>Unknown</name>

</ownedLiteral>

</packagedElementx

XSD:
<xsd:simpleType name="Ilogical ">

<xSsd:restriction base="xsd:string">

<xsd:enumeration value="false"/>

<xsd:enumeration value="true"/>
<xsd:enumeration value="unknown"/>
</xsd:restriction>

</xsd:simpleType>
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SysML:
PrimitiveType BOOLEAN from specialized LOGICAL <<ValueType>>

<generalization xmi:id="_generalization-BOOLEAN-LOGICAL" xmi:uuid="..." xmi:type="uml:
Generalization">

<gdneral xmi:idref="LOGICAL"/>

</gdneralization>

<owjnedLiteral xmi:id="TRUE" xmi:uuid="..." xmi:type="uml:EnumerationLiteral;">
<ngme>True</name>

</ownedLiteral>

<owjnedLiteral xmi:id="FALSE" xmi:uuid="..." xmi:type="uml:EnumerdtionLiteral ">
<ngme>False</name>

</ownedLiteral>

</pag¢kagedElement>

</umlfPackage>

XSD:
Xsd:boq)lean

vi

For eaclIl of the defined uml:Enumeration and uml:PrimitiveType, a corresponding sysml:ValueType i
defined

EXAMPLE

CXMI:
<sysmfl:ValueType xmi:id="BOOLEAN_VT" xmi:uuid="...">
<bas¢_DataType xmi:idref="BOOLEAN"/>
</sysml:ValueType>

NOTE Binaruvsimple tuneisnot manned asitisnotused
r J rr

5.13 Mapping of aggregation type
There are four types of aggregation:
— bag;

—  set;

— list;

— array.

34 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=539200cbcd24fd95e7daf056f35dbeca

ISO/TS 10303-15:2021(E)

SysML CXMI supports all of those types. But according to this document, all aggregations types are set
in the XSD. isOrdered is default false if omitted and isUnique is default true if omitted:

CXMI:

<isOrdered>true</isOrdered>

<isUnique>false</isUnique>

Consequently, the extracts below do not specify isOrdered nor isUnique.

SysML:

Class <<Block>> <<Type>> Set of an entity

CXMI:
<packagedElement xmi:id"...” xmi:type="uml:Class">
<name>NameSet</name>
<ownedAttribute xmi:id="... " xmi:type="uml:Property">
<name>elements</name>
<aggregation>composite</aggregation>
<type xmi:idref="{umlid of the Entity}"/>
<lowerValue xmi:id="..." xmi:type="uml:Literallnteger">
<value>2</value>
</lowerValue>
<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>*</value>
</upperValue>

</ownedAttribute>

</packagedElement>

XSD:
<xsd:elément name="Set of an Entity"” minOccurs="0">
<x8d:complexType>
<xsd:element name="Entity" type="Entity" maxOccurs="unbounded"/>
<I/ch-(‘nmp|pYTypp>
</xsd:element>
NOTE In CXM]I, the combination of isOrdered (default false if omitted) and isUnique (default true if omitted)

are used to define in the four types of aggregations:
— notordered + not unique = bag;

— notordered +is unique = set;

— isordered + is unique = list of unique;

— isordered + not unique = list.
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5.14 Mapping of aggregation of aggregation type
Two types of aggregation of aggregation are used.
— List of list of a simple type:

A list of lists of a simple type is represented by a block, with an “elements” property, which the
naming convention for aggregation of aggregation. Because of the XSD modelling language, the
corresponding representation in XSD is simple.

An PySML TSt of 1iSt Of a SIMpIE type shall be transtormed directly to an XsD element typed as p
simple type:

SysML:
Class <<Block>> <<Type>> List of List of Real

CXMI:
<pdckagedElement xmi:id="..." xmi:type="uml:Class">
<name>NameOfTheListOfListType</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>elements</name>
<isOrdered>true</isOrdered>
<isUnique>false</isUnique>
<type href="../../../DataTypes.xmi#REAL"/>
<lowerValue xmi:id="..." xmi:type="uml:Literallnteger">
<value>2</value>
</lowerValue>
<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural ">
<value>3</value>

</upperValue>

</ownedAttribute>

XSI:
<)1s(d:comp1exType name="AnEntity">

<kSdscomplexContent>

<xsd:extension base="cmn:BaseObject">

<xsd:sequence>

<xsd:element name="{attribute typed as NameOfTheListOfListType}" type="xsd:string"/>

— An array of array of an entity:

An array of array of an entity is represented by a block, with an “elements” property, which the
naming convention for aggregation of aggregation.

An array of array of an entity shall be transformed directly to an XSD element typed as the entity
with the maxOccurs attribute set.
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SysML:

Class <<Block>> <<Type>> Array of Array of an Entity

CXMI:
<packagedElement xmi:id="..."

<name>ARRAYEntity</name>

xmi:type="uml:Class">

<name>elements</name>

<type xmi:idref="{xmi:id of the Entity}"/>

<value>3</value>
</upperValue>
</ownedAttribute>

<ownedAttribute xmi:id="..." xmi:type="uml:Property"”>

<upperValue xmi:id="..." xmi:uuid="..." xmi:type="uml:LiteralUnlimitedNatural ">

XSD:
<xsd:element name="AnotherEntity">
<xsd:complexType>

<xsd:sequence>

array}"/>
</xsd:sequence>

</xsd:complexType>

</xsd:element>

<xsd:element name="ARRAYEntity" type="ARRAYEntity" ="{number of upper limit of the

5.15 Select type

3.15.1 Mapping of select type

A select type in SysML is an abstract auxiliary block. Its members are subtypes of this blgck. The
fpllowingséxtract assumes the select type is not used in a contained attribute. A SysML guxiliary
dbstract block shall be transformed to an XSD group. XSD group is described in 4.9.1.

SysMT:

Class <<Block>> <<Auxiliary>> Abstract

CXMI:

<name>NameOfTheSelect</name>
<isAbstract>true</isAbstract>

© IS0 2021 - All rights reserved
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<packagedElement xmi:id="{xmi id of the member}" xmi:type="uml:Class">
<name>{name of the member}</name>

<generalization xmi:id="..." xmi:type="uml:Generalization">
<general xmi:idref="{xmi id of the select}"/>

</generalization>

<generalization xmi:id="..." xmi:type="uml:Generalization">

<ogeneral vmi-ir‘]rnF—"{vmi id njfnnnf—hor' co'ont}"l/\

</generalization>

<pacKagedElement xmi:id="{xmi id of another member}" xmi:type="uml:Class">
<ngme>{name of another member}</name>
<generalization xmi:id="..." xmi:type="uml:Generalization">
<general xmi:idref="{xmi id of the select}"/>
</generalization>
<generalization xmi:id="..." xmi:type="uml:Generalization">
<general xmi:idref="{xmi id of another select}"/>

</generalization>

non

<StandardProfile:Auxiliary xmi:id="..." xmi:uuid="...">
<basg¢_Class xmi:idref/>
</StarfdardProfile:Auxiliary>

XSD:
<xsd:group name="NameOfTheSelect”>
<xsdichoice>
<xsd:element name="{nameof the member}" type="cmn:Reference}"/>

<xsd:element name="{name of another member}" type="cmn:Reference"/>

</xsd:choice>

</xsdijgroup=

NOTE Aselect type can contain another select type. Members of the select type can be either reference or
containnjent attributes, but usually not both

EXAMPLE Select type containing another select type
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CXMI:
<packagedElement xmi:id="{xmi id of the Select}" xmi:type="uml:Class">
<name>NameOfTheSelect</name>

<isAbstract>true</isAbstract>

<packagedElement xmi:id="{xmi id of another select}" xmi:type="uml:Class">

—<rmames{NameOf TheANOTHER Setecti</mamme=
<generalization xmi:id="..." xmi:type="uml:Generalization">
<general xmi:idref="{xmi id of the select}"/>

</generalization>

XSD:
<xsd:group name="NameOQOfTheSelect”>
<xsd:choice>
<xsd:element name="{name of the member}" type="cmn:Reference}"/>

<xsd:element name="{name of another member}" types“emn:Reference"/>

</xsd:choice>
</xsd:group>
<xsd:group name="NameOfTheANOTHERSelect">
<xsd:choice>

<xsd:group ref="{NameOfTheSelect}" minOccurs="0"/>

<xsd:element name="{name, of-yet another member}" type="cmn:Reference"/>

</xsd:choice>

</xsd:group>

3.15.2 Proxy,artefact

|
\
\

=

n SysMLg because select types are blocks and the members are subtypes, it is not possible tg
alue type, such as a string, a subtype of a block. The concept of proxy is introduced in order
alué types as members of selects. Proxies are blocks stereotyped as <<Type>> and its mem
dlue properties named as “value” per the naming convention. Therefore, a proxy is a model

make a
to allow
bers are
artefact

that allows a generic data type to be used as a class object for a select type. As 1t Is a modelling artefact,
it may not be represented in the implementation form if the implementation languages have more

efficient representation of the type in the select.

EXAMPLE
value type is ClassString.

The ClassStringProxy is used to represent a class as a string. The name of the corresponding

SysML:

Class <<Block>> <<Type>> Proxy of ClassStringProxy typed as String <<Value Type>>

© IS0 2021 - All rights reserved
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CXMI:
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>ClassStringProxy</name>

<generalization xmi:id="..." xmi:type="uml:Generalization">

<general xmi:idref="{xmi id of a select block}"/>

</generalization>

XSD:
<xsd:group name="ClassSelect">
<xsdi{choice>
<xsd:element name="Class" type="cmn:Reference"/>
<xsd:element name="ClassString” type="xsd:string"/>
<xsd:element name="ExternalOwlClass" type="cmn:Reference"/%

</xsd:choice>

</xsd:group>

5.16 Mapping of enumeration type

D

Enumerption is described in 4.9.1. A SysML enumeration value type with EnumerationLiterals shall b
transfoimed to an XSD simpleType included a restriction element with the base attribute set as an XS]
string.

N

SysML:

Enumeration <<Value Type>> with<EnumerationLiterals

CXMI:
<packpgedElementxmi:id="..." xmi:type="uml:Enumeration">
<ngme>NameOQfTheEnumeration</name>

<oWynedLiteral xmi:id="..." xmi:type="uml:EnumerationLiteral ">

<rlamé>an enumeration string</name>

</ownedLiteral>

<ownedLiteral xmi:id=".." xmi:type="uml:EnumerationLiteral">

<name>another enumeration string</name>
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XSD:
<xsd:simpleType name="NameOfTheEnumeration">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="an enumeration string"/>

<xsd:enumeration value="another enumeration string"/>

</xsd:restriction>

</xsd:simpleType>

5.17 Mapping of entity attribute

3.17.1 General

Attributes of an entity are represented by SysML properties. There are three types of such prd
yalue property, part property, and reference property:

1+ avalue property is typed as a simple type or an enumeration\{ype and is necessarily cont]
the block when instantiated;

— a part property is typed by a select or by a block and\is hecessarily contained in the blo
instantiated;

— a reference property is typed by a select or by“a block and is not contained in the blo
instantiated.

Hor each SysML explicit property of a SysML-block declaration, the corresponding ComplexTyf

N

deneral rules are applied:

+ SysML block properties that have’simple semantics, XML attributes are used (DateTimeStr;
dateTime);

+ the order of elements isfixed - this is realized with XML schema sequence grouping;

+ the name of the XSD'element is the name of the property in the SysML model;

perties:

hined in

'k when

'k when

e in the

(ML schema definition contains an elemént definition, with exceptions (see below). The f¢llowing

ing uses

+ for each inverseZComposite aggregation property of a SysML block declaration, the associgted xsd:

complexType<Contains an XSD element declaration corresponding to the SysML block propgrty.
The CXMI below presents the generic declaration of properties in a block. Bold text spots|the key
dlements
C XM
knackagedElement  xmitune="uyml:Class">
r l=] J
<name>Entity...</name>
<ownedAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">
<name>NameOfTheAttribute</name>
<type xmi:idref="{xmi id of the type of the attribute}"/>
<association xmi:idref=".."/>
</ownedAttribute>
<ownedAttribute xmi:id=".." xmi:uuid="..." xmi:type="uml:Property">
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<name>NameOfAnotherAttribute</name>
<aggregation>composite</aggregation>
<type xmi:idref=".."/>
<association xmi:idref="..."/>
<lowerValue xmi:id="..." xmi:type="uml:Literallnteger"/>
<upperValue xmi:id="...” xmi:type="uml:LiteralUnlimitedNatural ">
<value>*</value>
</upperValue>
</ogwnedAttribute>

When the following is declared in the ownedAttribute, it means it is a part property. Wheniit is omitted,
it meang it is a reference property.

CXMI:

<aggre

bation>composite</aggregation>

<lowerValue> and <upperValue> define the multiplicity and the optionality:
— whdn <lowerValue> not is declared, it means the attribute is mafidatory;

— whén <lowerValue> is declared, without embedding a <value>, it means the attribute is optiongl

(valre =0);
— <vallue> provides the multiplicity.

5.17.2 [Mapping of multiplicity and optionality
The SysML Block properties multiplicity shall bé.transformed to XSD as presented in the extracts below:
SysML:

Property multiplicity is [1]

CXMI:

lowerValue and upperValue-are not set (as the default behaviour is 1).

XSD:

<xsd:element ndnie="ModifiedBy" type="cmn:Reference"/>

SysML:

Property multiplicity is [0..1]

CXMI:

<lowerValue> set but <value> not set

<upperValue>(as the default behaviour is 1).

42
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XSD:

<xsd:element name="0wnerOf" type="cmn:Reference" minOccurs="0"/>

SysML:
Property multiplicity is [0..*]

CXMI:
<lowerValue> set but <value> not set

<upperValue> set and <value> setas *

KSD:

[here is an inner complexType and sequence or one element with maxOceurs=unbounded and|the
hame set to the name of the SysML Block.

<xsd:element name="Approvals" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="Approval" type="cmn:Reference" maxOccurs="unbounded"/>
</xsd:sequence>

</xsd:complexType>

</xsd:element>

bysML:
Property multiplicity is [1..*]

CXMI:
<lowerValue> set nad <value> seetas 1

<upperValue> setand <value> set as *

KSD:
[his isas'[0..*] except the minOccurs is not set (as the default behaviour is 1).

<xsdielement name="Identifiers">

<xsd:complexType>
<xsd:sequence>
<xsd:element name="ContextString" type="ContextString" maxOccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>

</xsd:element>
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SysML:
Property multiplicity is [n..*]

CXMI:
<lowerValue> set nad <value> seet as n (integer)

<upperValue> set and <value> set as *

XSD:
This is as [1..*] except the minOccurs is set "n" for the inner element.
<xsd:element name="XxxYyyZzz"
<xsdicomplexType>
<xdd:sequence>

<jxsd:element name="AaaBbbCcc" type="cmn:Reference" minOccurs="2" maxOccurs="un-
bounded"/>

</¥sd:sequence>

</xsd:complexType>

</xsd:glement>

5.17.3 [Attribute typed as an entity

vi

The XML element corresponding to a SysML property whose data type is a block and stereotyped a
part prdperty (not auxiliary or type) shall be transformed to an XSD element that has the type set to th
name ofla complexType.

9%

SysML:
<<Part Property>> typed as a Block

CXMI:
<owngdAttribute xmi:id="}")xmi:type="uml:Property">

<rlame>NameOfTheAttribute</name>

<dggregation>Coniposite</aggregation>
<tlype xmii{dref="{uml id of the typing Block}"/>

"o

<dssociation xmi:idref=".."/>

XSD:
XML element type is the name of a complexType defined in XML Schema.

The Element in XML document is instantiated inside parent element i.e. attribute is represented by
containment. Example assumes mulitplicity of 1.

<xsd:element name="NameOfTheAttribut" type="name of the typing complexType">

The XML element corresponding to a SysML property whose "data type is a blocomplexType" typed as
reference property (not auxiliary or type) shall be transformed to an XSD element that has the type set
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to “cmn:reference”. References in XSD using Key and KeyRef are described in 4.7. Mapping of XSD Key
and KeyRefis described in 5.5.

SysML:

<<Reference Property>> typed as a Block

CXMI:
<packagedElement ... xmi:type="uml:Class">

<name>Entityl</name>

nmon

<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>Attributel</name>
<type xmi:idref="{uml id of the typing Block}"/>

nmon

<association xmi:idref=".."/>

t should not contain:

<aggregation>composite</aggregation>

KSD:
XKML element type shall be defined as cmn:Referefice.

[he cmn:Reference attribute shall reference the uid attribute of an XML complexType correspdnding
Fo the SysML block data type of the property:

<xsd:element name="Attributel" type="cmn:Reference"/>

[he type of this attribute is identified by key/keyref (see 5.5).
First, a keyref entry should exist with the followint xpath:

<xsd:keyref name="AttvitebuteType_keyRef" refer="AttributeTypeAncestor_key">

<xsd:selector xpath=".//Entity1/Attributel"/>
<xsd:field xpath="@uidRef"/>

</xsd:keyref>
Finally, a'key entry should exist with the refered key in the keyref:

<xsd:key name="AttributeTypeAncestor_key">

| 1 i sl [/ L1 [ /N £l £ 1 1 4 i odl O£ T Raf, A oot /ALy
ASU.OCITCULULUIL AlJClLll— .//.../...l.// IXIJaLll_Ul_LllC_lllD LdlItIatiUIll_JUl_T1TIIC_INUITI Cll\,Cu_L;llLlLy/ﬂbbl I Ute'
TypeAncestor"/>
<xsd:field xpath="@uid"/>
</xsd:key>

The type name of the reference attribute is one of the subtype AttritebuteType of the supertype At-
tributeTypeAncestor.

© IS0 2021 - All rights reserved 45


https://standardsiso.com/api/?name=539200cbcd24fd95e7daf056f35dbeca

ISO/TS 10303-15:2021(E)

5.17.4 Attribute typed as select

SysML property whose data type is an Abstract Auxiliary block (Select type) data type shall be
transformed to an XSD attribute declared to have a xsd:complexType of a xsd:group with the xsd:ref is
the name of the Auxiliary group in the XSD declaration. XSD Group is described in 4.9.1.

SysML:

<<Reference OR Part Property>> typed as a select Class <<Block>> <<Auxiliary>>

CXMI:
<packapedElement ... xmi:type="uml:Class">
<namg>Entityl</name>
<owngdAttribute xmi:id="..." xmi:type="uml:Property">
<rlame>Attributel</name>
<tlype xmi:idref="{uml id of the typing Select Block}"/>

"o

<dssociation xmi:idref=".."/>

If this i$ a reference property, it should NOT contain:

<aggregation>composite</aggregation>

XSD:

<xsd:cdmplexType name="Entity1">
<xsdicomplexContent>
<xsd:extension base="...">
<xdd:sequence>
<xsd:element name="_Attribute1">
<ixsd:complexType>

<xsd:group ref="SelectBlockName" maxOccurs="unbounded"/>

A

xsd:complexType>
</lksd:element>

<xsd:group hame="AssumedIltem">

<xsdicheice>

<xsd:element name="Contract" type="cmn:Reference"/>

<xsd:element name="BreakdownElementRealizationAssociation" type="cmn:Reference"/>
<xsd:element name="BreakdownElementAssociation" type="cmn:Reference"/>
<xsd:element name="ComponentRealizationAssociation" type="cmn:Reference"/>
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5.17.5 Attribute typed as enumeration type

Part properties of SysML blocks that are of enumeration types shall be transformed ton the XSD element
with the name of a xsd:complexType of the enumeration.

SysML:

<<Part Property>> typed as a Enumeration <<Value Type>> with EnumerationLiterals

CXMI:
<packagedElement ... xmi:type="uml:Class">
<name>Entityl</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>Attributel</name>
<type xmi:idref="{uml id of the typing Enumeration Block}"/>

nmon

<association xmi:idref=".."/>

n_m

<packagedElement xmi:id="="{uml id of the typing Enumeration Block " xmi:type="uml:
Enumeration”>

<name>NameOfTheEnumeration</name>

<ownedLiteral xmi:id="..." xmi:type="uml:EnumerationLiteral ">
<name>an enumeration string</name>

</ownedLiteral>

<ownedLiteral xmi:id=".." xmi:type="uml:EnumerationLiteral">

<name>another enumeration string</fame>

KSD:
<xsd:simpleType name={NameOfTheEnumeration">
<xsd:restriction base="xsd:string">
<xsd:enumeration value="an enumeration string"/>
<xsd:enumeration value="another enumeration string"/>
</xsd:resttietion>

<xsd:complexType name="_Entity1">
<xsd:complexContent>

<xsd:extension base= ... >
<xsd:sequence>
<xsd:element name="_Attributel" type="NameOfTheEnumeration "/>

5.17.6 Attribute type as simple type

The XML element corresponding to a SysML property whose data type is a defined data type with a final
underlying type of string, integer, real, number, boolean, dateTimeString, duration, logical or Language
are declared to have the XML type corresponding to the underlying type of the defined data type in the
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SysML type declaration, if not otherwise specified in a configuration directive (see Table 1 — Simple

types and corresponding XSD types).

Table 1 — Simple types and corresponding XSD types

Simple type: XSD element type:
Number, Real xsd:double

Integer xsd:integer

String xsd:string

Boolean xsd:boolean
DateTimeString xsd:dateTime
Duration xsd:duration
Language xsd:language

SysML:
<<Part Property>> typed as a PrimitiveType STRING <<Value Type>> “DateTimeString”

CXMI:
<packapgedElement xmi:id="{xmi id of the ValueType}" xmi:uuid="..." xmi:type="uml:PrimitiveType">
<ngme>DateTimeString</name>
<gdgneralization xmi:id="..." xmi:uuid="..." xmi:type="uml:Generalization">
<general href="../../../DataTypes.xmi#STRING/>
<ownedAttribute xmi:id="{xmi id of the@gtribute" xmi:uuid="..." xmi:type="uml:Property">
<rlame>ActualStartDate</name>

<dggregation>composite</aggregation>

<tlype xmi:idref="{xmi id ©f;the ValueType}"/>

XSD:

<xsd:elpment mame="_ActualStartDate " type="xsd:dateTime" minOccurs="0"/>

If a SysML property data type real is mapped to an XML element type "string", the format of this content
string shall be according IEEE 754:1985.

5.17.7 Exception: inverse composite aggregation

The exceptions to the above rules are when an inverse composite aggregation is used. In SysML, these
are displayed as an arrow with the black diamond at the same end as the arrowhead (see Figure 1). In
SysML, these dictate that “1” has a reference property of type “2”, and “1” is contained in “2”. In STEP,
they are always accompanied by one or more directed association for “relationship-like” blocks and
have a multiplicity of 1.
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«block» X «block»
1 0.* 1 2

Figure 1 — Inverse composite aggregation

In the Figure 2, the IndividualPartRelationship attribute “Relating” is an inverse composite aggregation,
and the “Related” the accompanying directed association which happens to point to the same block.

IndividualPartRelationship

parts
Id : IdentifierSelect [0..1]
Description : DescriptorSelect [0..1]

references
ClassifiedAs : Classification [0..*]
RelationType : ClassSelect [1]

1 1

Relating 0.* 0.* Related

IndividualPart

parts
Id : IdentifierSelect [1]
Name : DescriptorSelect [1]
Description : DescriptorSelect [0..1)
SameAs : Proxy [0..*]

Versions : IndividualPartVersion §14.*]

hultiplicity of 0..*.

This shows a fragment that has the following features:

outer tag toContain the potentially multiple entries.

— complexType IndividualPartRelationship with sequence:

— containing element related;

—7~NOT containing element relating.

Figure 2 — Inverse composite aggregation in the example

— complexType IndividualPart with sequence containing element IndividualPartRelationship:

— even though Assumption does not have a part property of this name and type;

'hese are handled in the XML schema by adding them to the "containing" xsd:complexType spquence
fter the "normal” elements, but they aré“not contained in an outer-tag even though they have a

— the minOccurs and maxOccurs reflect the multiplicity at the non-navigable end, but thé¢re is no

al AL
JYySIVIL.

Inverse << Part Property >>

CXMI:

<packagedElement xmi:id="id_rel" xmi:type="uml:Class">
<name>IndividualPartRelationship</name>

nmon

<ownedAttribute xmi:id=".." xmi:type="uml:Property">

© IS0 2021 - All rights reserved
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<name>Relating</name>
<type xmi:idref="id_part"/>
<association xmi:idref="id_asso"/>

nmon

<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>Related</name>
<type xmi:idref="id_part"/>

<packagedElement xmi:id="id_asso" xmi:type="uml:Association">

<mpmberEnd xmi:idref=".."/>

<mpmberEnd xmi:idref=".."/>

<ownedEnd xmi:id="..." xmi:type="uml:Property">
<dggregation>composite</aggregation>

<type xmi:idref="id_rel"/>

<association xmi:idref="id_asso"/>

<lpwerValue xmi:id="..." xmi:type="uml:Literallnteger”/>
<ypperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural ">
<value>*</value>

</upperValue>
</ownedEnd>
</pdckagedElement>

<packapedElement xmi:id="id_part” xmi:type="um#kPackage">
<name>IndividualPart</name>

XSD:

<xsd:cqmplexType name="IndividualPartRelationship">
<xsdicomplexContent>

<xsd:extension base="cmn:BaseObject">
<xdd:sequenees

<x|sd:e1ement name="Related" type="cmn:Reference"/>

NO Relating attribute should be included.

<xsd:complexType name="IndividualPart">
<xsd:complexContent>
<xsd:extension base="cmn:BaseRootObject">
<xsd:sequence>
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<xsd:element name="IndividualPartRelationship" type="IndividualPartRelationship"

minOccurs="0" maxOccurs="unbounded"/>
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Annex A
(normative)

Information object registration

T | £ L. A | -y o 3 £ 'y 4 laa 3 4+ 4+ £o11 o
O prOV Ul 11Ul uuauuusuuua IUCTIILITICAtIUIT Ul dll 11U IIIdativull UUJCLL 111 dIl UlJCll DyDLClll, LIIC TUITUVVIIT

object identifier is assigned to this document:
{iso stapdard 10303 part(15) version(1)}

The medning of this value is defined in ISO/IEC 8824-1 and is described in ISO 10303-1.
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Annex B
(informative)

common.xsd

i o tl i a2l LLI PR LAY | Tliafil L3 rlaas 11 AVA VA lLoll s 1 d
ITTS AlllITA l}l COUCIILO UIIT CUIILUTIIU LT CUIITITIVUIL.ASU - 1T1IC,. 111105 1T1ICT DPCLIIIC) LIIdU L1IIT AIVIL SIIall I C u e a

oS object that includes a Header and one or more DataContainer described in 4.5. The file-is‘grovided
t: https://standards.iso.org/iso/ts/10303/-3000/-ed-2/tech/xml-schema/common/common.xsd.

Q)

xsd:schema xmlns="https://standards.iso.org/iso/ts/10303/-3000/-ed-1/tech/xml-schema/
dqommon" xmlns:xsd="http://www.w3.0rg/2001/XMLSchema" targetNamespace="https://standprds.
iso.org/iso/ts/10303/-3000/-ed-1/tech/xml-schema/common">
<xsd:element name="Uos" type="Uos">
<xsd:annotation>
<xsd:documentation/>
</xsd:annotation>
</xsd:element>
<xsd:complexType name="Uos">
<xsd:annotation>
<xsd:documentation>Unit of serializatiop<yxsd:documentation>
</xsd:annotation>
<xsd:sequence>
<xsd:element name="Header" type="Header"/>
<xsd:element name="DataContainer". type="DataContainer" maxOccurs="unbouhded"/>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="Header">
<xsd:annotation>
<xsd:documentation/>
</xsd:annotation>
<xsd:sequence>
<xsd:element name=%Name" type="xsd:string" minOccurs="0"/>
<xsd:element name="TimeStamp" type="xsd:dateTime" minOccurs="0"/>
<xsd:element name="Author" type="NameAndAddress" minOccurs="0"/>
<xsd:element sngme="0Organization" type="NameAndAddress" minOccurs="0"/>
<xsd:element name="PreprocessorVersion" type="xsd:string" minOccurs="0"}>
<xsd:elem&nt name="OriginatingSystem" type="xsd:string" minOccurs="0"/>
<xsd:el@ment name="Authorization" type="xsd:string" minOccurs="0"/>
<xsd:€kement name="Documentation" type="xsd:string" minOccurs="0"/>
</xsd:segquénce>
</xsd:complexType>
<xsd:comple€xType name="NameAndAddress">
<x$grsequence>
<xsd:element name="Name" type="xsd:string"/>
<xsd:element name="Address">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="Addressline" type="xsd:string" minOccursF"0"

maxOccurs="unbounded" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:sequence>
</xsd:complexType>
<xsd:complexType name="DataContainer" abstract="true">
<xsd:annotation>
<xsd:documentation> A DataContainer is an abstract generalization of the root
element of a
data file. Only non-abstract specializations of the DataContainer can be
instantiated.
</xsd:documentation>
</xsd:annotation>
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