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Foreword

[SO (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 maintenance are described
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Introduction

ISO 10303 series of International Standards describe the computer-interpretable representation of product
information for the 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 product databases and archiving.

This document is part of the description methods series. It specifies a mapping of SysML XMI to the XSD. It
supports the STEP (ISO 10303) Extended Architecture,1ZI[18][19] including the related information modelling
presented-n ex—This-documentspeciesthe : raten oo FEP-datads H-OY

a STEP XSD and a STEP Schematron rule file.

A na A a a

The Ohject Management Group (OMG) has standardized the XML Metadata Interchange (XMI) speciffication
that infegrates the OMG Systems Modeling Language (SysML), the OMG Unified Modeling,Language (UML),
and the¢ World Wide Web Consortium (W3C) Extensible Markup Language (XML). In additien, XMI and|SysML
integrdtes data model constraints, specified in OMG Object Constraint Language (OCL).and in Schem3tron.

SysML[inherits the XMl interchange capability from UML. XMl is a mechanism for theinterchange of mg¢tadata
betwe¢n UML-based modeling tools. OMG has also standardized an XMI compliant interchange format for
the SygML thus specifying a lexical representation of SysML models based on a standardized metamlodel of
the Sy$ML. In addition, XMI format represents SysML model structural-constraints, OCL constrainfts, and
Schematron rules.

The WBC has standardized the XML Schema Definition (XSD). XSD«defines shared vocabularies and|allows
machines to carry out rules made by developers. They provide-a‘means for defining the structure, cpntent,
and semantics of XML documents. ISO/IEC 19757 specifies.the Schematron language, an XML rulg-based
validatlion language, that enables the validation of rules applied to XML documents, that the XSD lapguage
does npt support.

This dpcument specifies a description method of ISO 10303, which defines the transformation of|SysML
constrpcts to the XSD constructs. In addition, this de@eument specifies the transformation of SysML conptructs
to Sch¢matron constructs for the purpose of representing the SysML model constraints represented|in XMI
as Sch¢matron rules.

Becaude the XMI standard (ISO/IEC~19509) specifies the XML representation of SysML metamodel
constriicts, standardizing the binding of SysML constructs into XSD and Schematron constructs sypports
the regresentation of SysML modelsias XML schemas and Schematron rules.

The spgcified mapping is a oné-way transformation from SysML information model represented in XMI into
an XML schema and Schematron rules. These limitations make the mapping unsuitable for the transformation
of arbifrary SysML modelsfo XSD.

A detailed knowledgéof the W3C XML and XSD languages, and the OMG Systems Modelling language is|useful.
The mgin componénts of this document are:

— the stpucture, conventions, and concepts of the XSD;

— theéspecification ofthe transformation from SysMI, XMI to XSD for each STEP element modelled in BysML;

— the specification of the transformation from SysML XMI to Schematron for each STEP constraint modelled
in SysML.

© IS0 2024 - All rights reserved
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ecified mapping is a one-way transformation from SysML informatién-model represented
1 XML schema and Schematron rules. These limitations make the\ mapping unsuitable
rmation of arbitrary SysML models.

e specification of the structure, components, and conventipns of the XSD for the ISO 10303 seri

Fepresenting SysML information models as XMIxschemas;

e transformation of SysML constructs to Schématron constructs for the purpose of represent
EML model constraints represented in XMItas Schematron rules.

e transformation of SysML metambodel constructs into XSD constructs that are not used in th
tended Architecture;

e transformation of SysME metamodel constructs into XSD constructs for other purpose
presenting SysML constructs as STEP concepts;

es and scripts te transform SysML XMI to XSD schema and to Schematron rules;

bcess, codes{and scripts to apply Schematron rules on XML documents with a resulting |
hdable report.
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e transformation of SysML metamodel constructs represented in XMI to XSD constructs for the purpose
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e STEP
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The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 10303-2, Industrial automation systems and integration — Product data representation and exchange —
Part 2: Vocabulary
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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 10303-2 and the following apply.

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

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1.1

3.1.1.
Canon,
CXMI
specifi
and or

Note 1
Note 2

3.1.1.2
associ

Terms related to SysML constructs

cal XMI

lering
o entry: A Canonical XMI file is itself a valid XMI file.

o entry: The full definition is provided in ISO/IEC 19509:2014, Annex B.

htion

classification of a set of tuples representing links between typedmodel elements

Note 1

3.1.1.3
auxiliz
stereof

Note 1

3.1.1.4
Block
modul

Note 1

o entry: The full definition is provided in ISO/IEC 19505¢1:2012, 11.5.

Iy
ype applied to an abstract block that has nojproperties

o entry: The full definition is provided in ¥SO/IEC 19505-1:2012, Clause 22.

ir construct used for defining.an entity

fo entry: A Block is used for-defining Application activity model concepts, Application Data Planning

Applicdtion Domain Model Busin€ss Objects, Core model objects and ARM in SysML Entities. They can

referen
Note 2

3.1.1.5
compq
resporn

Note 1

ce, part, and value properties; constraints. They can be specializations of other Blocks.

o entry: The full-definition is provided in OMG Systems Modeling Language ISO/IEC 19514:2017, Clausg

site aggregation
sibility~for the existence of a composed object

o-entry: If a composite object is deleted, all of its part instances that are objects are deleted with it.

C constrained format of XMI that minimizes variability and provides more prédictable identiffication

bbjects,
nclude:

Note 2 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 11.4.1.

3.1.1.6
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 2024 - All rights reserved
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3.1.1.7
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.

3.1.1.8
enumeration literal
named value for an enumeration

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

3.1.1.

data type

type whose instances are identified only by their value

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

3.1.1.]i()

generdlization

directdd relationship between a more general supertype and a more specific subtype

Note 1 [to entry: Each generalization relates a specific Classifier to a more general\Classifier. Given a Classifier, the
transitive closure of its general Classifiers is often called its generalizations, and-the transitive closure of its ppecific
Classifiprs is called its specializations. The immediate generalizations are alse called the Classifier’s subtyjpe, and
where fhe Classifier is a Class, its supertype.

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

3.1.1.][11
primitive type
definitjon of a predefined DataType, without any substiUcture

Note 1 fo entry: The full definition is provided in ISO/IEE,19505-1:2012, Clause 21.

3.1.1.12
part property
properjty that specifies a part with strong.ewnership and coincidental lifetime of its containing Block

Note 1 fo entry: It describes a local usage or a role of the typing Block in the context of the containing Block. Ev¢ry Part
Property has Composite Aggregationiand is typed by a Block.

Note 2 fo entry: The full definition-i's provided in ISO/IEC 19514:2017, 8.3.2.3.

3.1.1.13
referepce property
properjty that specifies’a reference of its containing Block to another Block

Note 1 fo entry:The'full definition is provided in ISO/IEC 19514:2017, 8.3.2.3.

3.1.1.
stereotype
limited RKind of metaclass that cannot be used by ITSell but must always be used 1n 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.

3.1.1.15
value property
property of a block that is typed with a ValueType

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

© IS0 2024 - All rights reserved
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3.1.1.16

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.

je XML

nts and

3.1.2 Terms related to XSD constructs

3.1.21

XML Schema Definition

XSD

schemj with a set of components such as type definitions and element declarations specified by'th
Schema Definition Language

Note 1 fo entry: The purpose of an XSD is to define and describe a class of XML documents by using schema components
to consfrain and document the meaning, usage, and relationships of their constituent parts: DataTypes, elems
their cdntent and attributes and their values.

[SOURCE: World Wide Web Consortium's XML Schema Definition Language (W3C XSD)][14]

3.1.2.2

Schemfa Definition Language

languape for XML schemas

[SOUR(LE: World Wide Web Consortium's XML Schema Definition Language (W3C XSD)](14]

3.1.2.3

complex type

<XSD>|set of attribute definitions and content type for anelement in an XML schema

Note 1
attribu

can be yised in-place within an element definition or named and defined globally.

Note 2

3.1.2.4

attribuyite type

<XSD>

Note 1 {
An Atty

to entry: A xsd:complexType provides the definition for an XML Element. It specifies which elem|
es are permitted and the rules regarding where;they can appear and how many times they can appe{

o entry: The full definition is provided in World Wide Web Consortium's XML Schema Definition Langy

name, type, and occurrence-for a property in an XML schema

o entry: An attribute provides extra information within an element. Attributes have name and type pro|
ibute can appear 0 or (1 times within a given element in the XML document. Attributes are either opt

ent and
ir. They

age. [14]

perties.
onal or
tribute

leType
b string,

age. [14]

mandatory (by default they-dve optional). The "use" property in the XSD definition is used to specify if the a

is optignal or mandatory-~An attribute is specified within a xsd:complexType, the type information for the aftribute
comes from a xsd:simpleType (either defined inline or via a reference to a built in or user defined Xsd:simtj
definitipn). The Type‘information describes the data the attribute can contain in the XML document, such a
integer|date. Attributes can also be specified globally and then referenced.

Note 2 to entryr The full definition is provided in World Wide Web Consortium's XML Schema Definition Langy

3.1.2.

extension

<XSD> complex type that is inherited

Note 1 to entry: It is possible to take an existing <xsd:complexType> and extend it using <xsd:extension> and the
"base" attribute. The introduced construct <xsd:extension> indicates that an existing type is extended and specifies a
new type. The construct <xsd:complexContent> must be used to as container for the extension.

Note 2 to entry: The full definition is provided in World Wide Web Consortium's XML Schema Definition Language. [14]

© IS0 2024 - Ala_rights reserved
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3.1.2.6

group
<XSD>

reusable collection of elements and attributes in an XML schema

Note 1 to entry: Elements and Attributes can be grouped together using <xsd:group> and <xsd:attributeGroup>. These

groups

can then be referred to elsewhere within the schema. Groups have a unique name and are defined as children

of the <xsd:schema> element. When a group is referred to, it is as if its contents have been copied into the location
from which it is referenced.

Note 2 to entry: The full definition is provided in World Wide Web Consortium's XML Schema Definition Language. [14]

3.1.2.7

namegpace
<XSD>[scope for named elements in an XML file

Note 1 §o entry: Namespaces are a mechanism for partitioning schemas. XSD standard defines a structure’XSD schemas

by bre
multipl
easier t

Note 2

3.1.2.§
restrig
<XSD>

Note 1
definiti

Note 2
3.1.29
simple
<XSD>
3.1.3

3.1.3.1
Schem

ing them into multiple files. These child schemas can be included into a parent schema. Breaking scheras into
b files can have several advantages: re-usable definitions can be used across several projécts; definitions are
p read and version because the schema is in smaller units that are simpler to manage
o entry: The full definition is provided in World Wide Web Consortium's XML Schema Definition Langdage. [14]
tion
definition of acceptable values for elements in an XML schema

fo entry: The usage of extensions, mixed contents, namespaces, gtoups, provides the capability to restrict the
pn of a type.

o entry: The full definition is provided in World Wide Web Consortium's XML Schema Definition Langdage. [14]

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

Terms related to Schematron rules

atron

langu

Note 1 fo entry: The full definition and specification is provided in ISO/IEC 19757-3.

3.1.3.

Schematron rule
XML agsertions to validate the presence or absence of patterns in XML trees

e for making assertions ahout the presence or absence of patterns in XML trees

Note 1 fo entry: Rules can be associated with "plain English" (or any language) validation error messages, allowing

translafion of nuhéric Schematron error codes into meaningful user error messages.

3.2

bbreviated terms

For the purposes of this document, the following abbreviated terms apply:

© IS0 2024 - All rights reserved
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CXMI Canonical XMI

ID [Dentifier
OCL Object Constraint Language
OMG Object Management Group

STEP STandard for the Exchange of Product model data

SCH Schematron

SysML Systems Modeling Language
UML Unified Modeling Language
UoS Unit of Serialization

UuID Universal Unique Identifier

URI Uniform Resource Identifier
XMI XML Meta-data Interchange
XML eXtensible Markup Language
XSD XML Schema Definition

4 Structure and components of the XSD

4.1 General

This clpuse describes the structure and components of the resulting XSD. The resulting XSD shall conform to
World Wide Web Consortium's XML Schema Définition Language (W3C XSD). [13]

This dpcument shall be unambiguously-idéntified in an open information system by the code deflned in
Annex|A.

Clause|5 provides the mapping specification of each XSD construct mentioned in Clause 4.

Clause|6 provides the mappjng specification from XMI to Schematron (SCH) rules. The XSD file is intepded to
be usedl with the Schematron‘rule file to ensure that STEP XML data based on the XSD are fully compliant to
the SydML model. Schematron rules cover verifications not supported by the XSD or not suitable to He done
via XS language, such)as model structural rules and formal propositions.

4.2 Presentation conventions

For eage of identification, the fragments of XSD are presented in boxes.

EXAM LI A'Al n W i tad s 1o
rooT KO D TTdgTICITC PTCSTITCCUTIT o DUAS

|XSD extract |

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 Usage of bold text effect to support the explanation.

An XML attribute is contained in the XML element:

© IS0 2024 - All rights reserved
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<Element attribute="..">

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;

— common structural XML element definitions;

— th
— th
— th
Each o

4.4 )
The he

— th
us
pr

— X

do
— X

— XS
— XS
— re

A valid

Fspecificationof thre DataComtaiter;
p list of application object specifications in XSD;
e groups and simple types corresponding to Select Data Types and Enumerations.

f these components are described in 4.4 to 4.9.

(SD header
ader of the XSD (xsd:schema) defines:

e namespaces of the XSD schema. Regarding the namespace conyéntions, the namespace prefi
ed throughout this document to refer to the namespaces identified by the corresponding U
bfixes and associated URIs are the following:

Kes are
RI. The

hema/

Ins:targetNamespace: https://standards.iso.orgfise/ts/10303/-4442/-ed-1/tech/xml-sc
ain_model

)

Ins: https://standards.iso.org/iso/ts/10303/-44427-ed-1/tech/xml-schema/domain model,

H: https://www.w3.org/2001/XMLSchema,

: https:// www.w3.org/2001/XMLSchenta-instance;

bulting XML schema version, that is defined by an ISO number and a date.

resulting XSD header is provided in the following XSD fragment:

XSD:

<xsd:
model

schemd

chema xmlns="https: 7/ /standards.iso.org/iso/ts/10303/-4442/ed-4/tech/xml-schema/don)

ain

xmlns:&sd="https://www.w3.0rg/2001/XMLSchema"
targetNamespace="https://standards.iso.org/iso/ts/10303/-4442/ed-4/tech/xml

/domain/mddel"

version="N11164;2023-06-28">

4.5 (Common structural XML element definitions

The header of the XSD shall be followed by a Unit of Serialization (UoS) by declaring an xsd:element named
UoS. The complex type (xsd:ComplexType) Uos specifies that an XML shall include a UoS object that includes
a header (described below) and one or more DataContainers (see 4.7).

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

— Name: human readable identifier for the XML resource;

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

pl

NOTE 1

the sof

atform and version identifiers;

tware system that created or captured the original information.

The PreprocessorVersion identifies the system used to produce the XML resource. It can be distinct from

— OriginatingSystem: identifies the software system that created or captured the information contained in
the XML resource, including platform and version identifiers;

— AlJthorization: specifies the release authorization for the XML resource and the signatery;

where
appropriate;
NOTEZ The Authorization can be distinct from the authorizations for various information units contained within
the document.
— Ddcumentation: free text field for information;
— Udid5namespace: string field in the “Header” for the UUID5 name space typed as UUID (see 4.6 fqr more
in]lormation).
The following XSD extract is the XSD specification of the Header ComplexType:
XSD
<xsd:¢omplexType 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 name="Qfganization" type="NameAndAddress" minOccurs="0"/>
<xsd:element name="PreprocessorVersion" type="xsd:string" minOccurs="0"/
<xsd:element (hame="OriginatingSystem" type="xsd:string" minOccurs="0"/>
<xsd:element_hame="Authorization" type="xsd:string" minOccurs="0"/>
<xsd:element name="Documentation" type="xsd:string" minOccurs="0"
maxOcqurs="unbounded"%>
<xgdinedement name="uuid5namespace" type="UUID" minOccurs="0"/>
</xsd:sefgdence>
<fxsd:comphexType>
The UgS XSDralso defines the following structural features:
— BakeObject: this is the generic object from which all entities are extended. This element type is abstract.

This object specifies that all XML elements shall have the XML attribute “uid” typed by the standardized
xsd:ID type and may have an optional uuid XML attribute. In XML dataset ruled by this XSD, its element
shall have unique “uid” XML attributes. The BaseObject specification shall be as follows:
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XSD:

<!-- Base type for all objects -->
<xsd:complexType name="BaseObject" abstract="true">
<xsd:attribute name="uid" use="required" type="xsd:ID"/>
<xsd:attribute name="uuid" type="UUID" use="optional"/>
</xsd:complexType>

—_— Bd ERUULG‘UJ‘ULL. Lhib ib dll E)&LUllbiUll Uf BdbeG‘thﬁLL dlld ib d‘UbLl dCL. TIIU illLUllL ib Lildl, LhU UlClllUl ts that
are an extension of this object are DataContainer choice elements. See 5.4 for other DataContainet| choice
elgments. The BaseRootObject specification shall be as fpllows:

XqD:

<xsd:complexType name="BaseRootObject" abstract="true">
<xsd:complexContent>
<xsd:extension base="BaseObject"/>

</xsd:complexContent>

</xsd:complexType>

— Refference: an object used for referencing other objects in théyXML. It has a mandatory XML atfribute
uldRef” typed by the standardized xsd:IDREF. This mechaunism is described in more detail in 5.8.4 and
in 5.11.3. The Reference ComplexType specification shall be as fpllows:

<xsd:complexType name="Reference">

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

— UYIDI7I: The definition of the UUID simpleType shall be as follows (more information is provided fn 4.6):

XSD:

<xsd:gimpleType name={YUID">
<xsql:restriction ase="xsd:string">

<gsd:pattern{walue="[0-9a-fA-F]{8}-[0-9a-fA-F]{4}-[0-9a-fA-F]{4}-[0-9a-fA-F]
{4}-[0-%a-fA-FI{2}"/>

</x$d:resthietion>

</xsd{simpleType>

4.6 ExternalRefBaseUbject

4.6.1 General

ExternalRefBaseObject is the definition of the ExternalRefBaseObject ComplexType. This entity enables
external references using a UUID or a free format identifier. This UUID or the free format identifier may
identify any type of element in any type of file or any information system. Within an XML document, any
Reference element may reference an ExternalRefBaseObject with uidRef attribute.
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ExternalRefBaseObject has the following attributes:

— extldRef: the UUID or the free format identifier of the externally referenced object (the UUID definition
is provided in 4.5);

— typeRef: the string specifying the entity of the externally referenced object, shall be the name of one of
the ComplexTypes;

— URI: an optional URI for the system containing the externally referenced object;

— Uuid5namespace: the uuid5namespace shall only be specified if the uuid5namespace of the externally
referenced object is not the same as the uuid5namespace in the header;

— ExtternalRefBaseObject contains two XSD elements: SubObject and NamedSubObject, described’ih 4.6.2

The ExternalRefBaseObject specification shall be as follows:

XSD

<xsd:¢omplexType name="ExternalRefBaseObject">

<xsd{complexContent>

<xgd:extension base="BaseRootObject">

xsd:sequence>

<xsd:element name="extIdRef">

<xsd:complexType>

xsd:group ref="UuidOrFreeFormatIdentifier"/>
xsd:attribute name="uuid5namespace" type="UUID" ug&=)optional"/>
/xsd:complexType>

/xsd:element>
xsd:element name="SubObject" type="BaseObjedt" minOccurs="0" maxOccurs="unbounded"|/>

xsd:element name="NamedSubObject" type="NamedSubObject" minOccurs="0"
maxOc¢urs="unbounded" />

</gsd:sequence>
<xsd:gqttribute name="typeRef" type="xsdiString" use="required"/>
<xsd:gqttribute name="URI" type="xsd:string" use="optional"/>
/xsd:extension>
</fsd:complexContent>

</xsd{complexType>

The type of UuidOrFreeFormatldentifier shall be an xsd:group defined as follows:

XSD

<xgd:group nameE™JtidOrFreeFormatIdentifier">

<xsd:choigce&

</%sd:choice>

</ksdfgroup>

<¥sd:element name="UUID" type="UUID"/>

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

EXAMPLE

A first exchange is for a document with the UUID, where the document is referenced as a template by

thousands of other documents in the subsequent exchanges. These subsequent exchanges use ExternalRefBaseObject
with the document UUID rather than repeating the definition of the document. It is not a link to an element in a file,
it is a UUID that the other recipient is expected to already understand. The fragments of XML below illustrate this

example:
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Example XML containing the template document:

<DataContainer>
<Document uid=“AAA” uuid="AAA111111-1111-1111-1111-111111111111">

</Document>
</DataContainer>
Example XML for one of the other thousands of exchanges:
<DataContainer>
<Document uid=" Y unid="22222222-2222-2222-2222-222222222222">
<PocumentAssignment>

<AssignedDocument uidRef=“YYY" />

<{DocumentAssignment >
</D¢cument >
<ExfernalRefBaseObject uid=“YYY” extIdRef="AAA111111-1111-1111-1111-11111@121111"
typeRg¢f="Document" extIdRefType=“UUID” />
</DatgContainer>
4.6.2 | SubObject and NamedSubObject

ExternalRefBaseObject has two optional XSD elements: SubObject'and NamedSubObject. SubObject

of type

BaseObject. The NamedSubObject specification shall be'as follows:

hall be

<xsd:
<xs
<3

</x
<xs
</xsd

omplexType name="NamedSubObject">

:sequence>

sd:element name="SubObject" type="BaseObject" maxOccurs="unbounded"/>
d:sequence>

rattribute name="elementName" typesixsd:string" use="required"/

complexType>

EXAMPLE1 Exchanging thousandstof assemblies that all use occurrences of the same part or sub-asser:lbly, but
only exfhange the part or sub-assembly once, and all subsequent exchanges reference that part or sub-asse
examplp scenario is a nested assembly with a separate STEP XML file for each subassembly or component.

ExternalRefBaseObject apd-SubObject may be used for external containment relationship (5.3.4)

elemer

ts.

EXAMPLE 2 Simpléxoentainment:

bly. An

to XSD
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Example XML referencing an existing PartView in an external XML file to add new Occurrence:

<ExternalRefBaseObject uid="ID 869" typeRef="PartView" extIdRefType=“UUID”
extIdRef="550e9401-e29b-11d4-a716-446677889900" URI="./12609.A.1.stpx">

<SubObject uid="ID 870" xsi:type="SingleOccurrence">
<Id id="Rear Brake"/>
</SubObject>
</ExternalRefBaseObject>

Example XML containing an existing PartView and its full definition:
<Part uid="ID_ 1978">

<Vefsions>
<fartVersion uid="ID_1977">

<Views>

<PartView uid="ID 1976" uuid="550e9401-e29b-11d4-a716-446677889900">

</PartView>
</Views>
<{PartVersion>
</Vg¢rsions>
</Part>

EXAMBLE 3  Containment over a complex element (multiple gontainements). Two ExternalRefBaseObject arg used:

Example XML referencing an existing PartView il an external XML file to add new Occurrence:

<ExtefnalRefBaseObject uid="ID 8092" uuidRef="550e8400-e29b-11d4-a716-446655440002"
typeR¢f="Part" extIdRefType=“UUID">

<NarfedSubObject elementName="Versidns'>

<$ubObject xsi:type="bom:PartVersion" uid="ID 8091">
<Id>

<Identifier uid="ID (8090" id="A.1" idRoleRef="ID 204" idContextRef="ID 8088"/>
</Id>

<fSubObject>
</NgmedSubObject®
</ExtgrnalRefBasgObject>

<ExtegnalRefBaseObject uid="ID 8088" uuidRef="550e8400-e29b-11d4-a716-446655440003"
extIdRefTyp&=“UUID” typeRef="Identifier"/>

Example XML containing an existing PartView and its full definition:
<Part uid="ID 860" uuid="550e8400-e29b-11d4-a716-446655440002">
<Id>

<Identifier uid="ID 861" id="prd-31489801-00025435 TR14" uuid="550e8400-e29b-
11d4-a716-446655440003" idRoleRef="ID 804" idContextRef="ID 805"/>

</Id>

</Part>
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4.7 DataContainer

ComplexType definitions in the DataContainer shall be defined as an extension of the DataContainer
ComplexType. It shall contain a list of choices of all the elements available as Base Root Objects, and the
ExternalRefBaseObject. See 5.4 for other DataContainer choice elements. The root objects can be instantiated
inside the DataContainer element. The name of the ComplexType is the concatenation of the module short
name and the substring “DataContainer”.

EXAMPLE Extract of the AP242DataContainer specification with the example of two BaseRootObjects (Activity
element and ActivityMethod element) and the ExternalRefBaseObject.

XSD:
<xsd:complexType name="AP242DataContainer">

<fsd:complexContent>

<xsd:extension base="DataContainer">

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

maxOcq¢urs="unbounded" />

<xsd:element name="ExternalRefBaseObject" type="ExternalRefBaseObject"
minOcqurs="0" maxOccurs="unbounded"/>

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

NOTE Base Root Objects are defined, like the other entities; in the list of application object. Base Root Objgcts are
describjed in 4.8.4.

4.8 list of application object specifications

4.8.1 | List and definition of the entities as application object specifications
An entjty, or an application object definition is contained in the xsd:element UoS.

An ent]ty is defined by an xsd:complexType declaration:

XSD:

<xsd:¢omplexType name='fntityName" abstract="true OR false”>
<gsd:complexCohtent>

<xsd:extensidn base="BaseRootObject OR BaseObject OR supertypename'>

<xsd:Seguence>

— xsflicomplexContent follows in order to specify the inheritance and the attributes;

— the base XML attribute of the xsd:extension shall be the name of element from which the current defined
element is specialized or BaseRootObject, or BaseObject. BaseRootObject and BaseObject are described

in 4.8.4 and 4.8.4;

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

4.8.2 Object attribute specifications

Attribute type shall be specified. The optionality and cardinality rules are defined in 4.8.3.
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The xsd:element below declares a contained object attribute with cardinality of 0..*. Itis named as Attributel,
typed as the entity AttributeTypel.

XSD:

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

The xsd:element below declares a reference object attribute with cardinality of 1, as typed as reference,
named RefAttribute.

XSD:

<xsd:element name="RefAttribute” type="Reference">

The xsf:element below declares an object attribute with a cardinality of 0..*. It is represented by tw¢ levels
of XMIf elements. The first XML level shows that the entire element is optional. It has.1io type declaration
becaude that is defined by the inner element. It has the name SameAs. The second XML level is an drdered
list of gne 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" maxQccurs="unbounded"/>
</xsd:sequence>
</xsd:complexType>

</xsd:element>

An object attribute that is typed to a Select Data Type is represented by two levels of XML elemgnts. In
the example below the name of the object attribute is “RelationType”, it is typed to the Select Datla Type
“Class§elect” and it has a cardinality of 1. The first XML level has the name “RelationType” and shoys that
the entlire element is mandatory. It has no typebecause that is provided by the second level. The secofpd XML
level is|a group (see 4.9.1) representing forthe Select Data Type ClassSelect.

EXAMPLE

XSD:
<xsd:¢lement name="RelationType">
<xsd:complexType>

<xsd:group ref="ClassSelect"/>
</xsd:ConmplexType>

</xsd{element>

4.8.3 | Attributes optionality and cardinality

The XM%-attributes minOccurs and maxOccurs define the optionality and the cardinality (also phamed
multiplicity] of the object attributes. minUccurs is [ower [imit of entity (data type) instances and maxOccurs
is upper limit of entity (data type) instances. minOccurs="0" means it is an optional attribute. minOccurs="1"
means it is mandatory. maxOccurs="Unbounded” means it is not limited in terms of instances. When
minOccurs and maxOccurs are omitted in the XML attribute declaration, it means their value is 1.
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4.8.4 Base root objects

An entity (SysML Block) without supertype (or only enrichment supertypes, see 5.5.7), not used by

containment, and not aggregated by a relationship or an inverse relationship, shall be transformed to a Base
Root Object.

EXAMPLE The extract of the specification of the Base Root Object, named here “Part”, is presented below:

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

<xsd:complexContent>

<xsd:extension base="BaseRootObject"”>
<xsd:sequence>
<!--Attributes defined in the entity-->
<xsd:element name="ClassifiedAs" minOccurs="0">
<xsd:complexType>
<xsd:sequence>

<xsd:element name="Classification" type="Classification®
maxOcqurs="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>
<!--Attributes embedded in the(éntity-->

<xsd:element name="ActivityAssignment" type="ActivityAssignment" minOccurs="0""
maxOcqurs="unbounded" />

<xsd:element name="ActivityMethodAssignment" type="ActivityMethodAssignment"
minOcqurs="0" maxOccurs="unhGuyhded" />

<xsd:element name="WorkRequestAssignment" type="WorkRequestAssignment"
minOcqurs="0" maxOccurs¥Tunbounded" />

</xsd:sequence
</xsd:extensien>

<fxsd:complek@ehtent>

</x$d:complexType>

4.8.5 | Base objects

: : 1 11 ; 1 1.( 1 PR T 1 T — +1 :
Base G JELLS AT HIUITFTOUTDASCU UDJELLS USCU LU UCTIIIC UDJELLS ULdl Ldll UIlly €©XISU dS d PdlI'U UL dITUUICT Ob]eCt,

with the exceptions described in 5.3.4 and 5.11.7.

A Base Object shall have the extension BaseObject when it has no supertypes.

EXAMPLE1 The extract of the specification of the Base Object, named here “PartVersion”, is presented below:
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XSD:
<xsd:complexType name="PartVersion”>
<xsd:complexContent>
<xsd:extension base="BaseObject”>

<xsd:sequence>

A Base Object 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 supertype,
named here “PartView”, is presented below:

XSD:

<xsd:¢omplexType na”e="AssemblyDefinit”on">
<fsd:complexContent>

<xsd:extension ba”e="PartView'>

<xsd:sequence>

4.8.6 | Instantiation of a subtype

When pn entity is declared as a subtype of other entities, the subtype\entity’s xsd:complexType specifies
this inheritance in the xsd:extension’s base field. When such subtype is instantiated, the XML ¢lement
representing this subtype is named by the first parent, or ancéstor, of this subtype, which is ejither a
BaseR¢otObject or a BaseObject. The subtype name is specifiedimthe xsi:type attribute of this XML element.

EXAMPLE The two extracts below present the definition ‘and the instantiation of the object namg¢d here
“PlannddActivity”, which is a subtype of the object named here “Activity”:

XSD representation:

XSD:
<xsd:¢omplexType name="PlannedActivity"

<gsd:complexContent>

<xsd:extension base="Activigy™>

XML representation:

XML:
<Actiyity uid="..." xsii{type="PlannedActivity">

<Descxripfion>

4.8.7 | Representation of XML identification attribute

Two representations are supported:

— mpact representation of the mostused variant “simple string”:
I I I o7

— optimized representation for the other variants:
— associated context and/or role;
— multiple identifiers;
— 1idRoleRef references the uid of a Class, ExternalClass or ExternalOwIClass;
— idContextRef references the uid of an Identifier or an Organization;

— if Identifier is set, Id.id shall not be set.
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The Id object is a special declaration in the XSD and defined as below. It has no extension declared.

XSD:
<xsd:complexType name="Id">
<xsd:sequence>
<xsd:element name="Identifier" type="Identifier" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:attribute name="1id" type="xsd:string" use="optional"/>

</xsd:complexType>

TTr—irot—crecroreor T T TCITST—CIT

Althoughnot declared inthe XSD the XMl instancesshall have either the XML attribute Id ormultiple
Identiffer elements of type of Identifier. The Id object is used as shown below.

XSD:

<xsd:g¢lement name="Id" type="Id"/>

Other attributes are able to use the Id type.

EXAMPLE Another attribute using the Id type:

XSD:

<xsd:g¢lement name="VersionId" type="Id" minOccurs="0"/>

4.8.8 | Multilanguage support

Two rejpresentations are supported:

— compact text strings with optional language indication;
— xsfl:language is used for the language indication: celintry and language code conforming to RFC 3Q66[13],

The objject definition refers to ISO 639 for the language code and to ISO 3166-1 for the country codg¢. They
enable[the specification of a language code optionally followed by a country code, for example ‘en’ or |en-US’.

EXAMPLE 1  Extract of the specification of thé-DefaultLanguage element.

XSD:

<xsd:¢lement 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:¢omplexType name="LocalizedString" mixed="true">
<gsd:complex@onfent mixed="true">
<xsd:extewsion base="BaseObject">
<xsd®a¥tribute name="lang" type="xsd:language" use="optional"/>
</xsdrextension>

<fXsd:complexContent>

</xsd:complexType>

4.8.9 Representation of Date and Time
Date and time are represented using xsd:dateTime.

EXAMPLE Extract of the definition of the ActualEndDate typed as dateTime.

XSD:

<xsd:element name="ActualEndDate" type="xsd:dateTime" minOccurs="0"/>
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4.9 Groups and simple types corresponding to Select Data Types 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. xsd:element is usually either all typed to 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”.

XSD:

<xsd:group name="ActivityAssignmentSelect">
<gsd:choice>
<xsd:element name="Activity" type="Reference"/>

<xsd:element name="ActivityAssignment" type="ActivityAssignment"/>

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

4.9.2 | Enumeration

Enumdration literal types are defined using xsd:simpleType, followed by-&sd:restriction in order to limit the
membérs as defined strings only, and finally the list of string members:

EXAMPLE Extract of the specification of the enumeration named henge “AssemblyJointTypeEnum”.

XSD:

<xsd:gimpleType name="AssemblyJointTypeEnum">
<gsd:restriction base="xsd:string">

<xsd:enumeration value="bolted connectidn"/>

<xsd:enumeration value:"Circular_compressed_crimped_connection"/>

4.9.3 | Simple type

Simple| type that are not defined thy* XSD standard, such as xsd:string, shall be defined using 3dn xsd:
simplellype. The example below is'the definition of the logical simple type.

EXAMPLE Extract of the specification of the simple type named here “logical”.

XSD:
<xs{l:simpleType. name="logical">
<gsd:restrigftion base="xsd:string">
<xsd:enumeration value="false"/>
<xsdgenumeration value="true"/>

<xs@:enumeration value="unknown"/>

< 1 ISR
ST reScrreccrorr

</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).

© IS0 2024 - All rights reserved
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Annex B provides illustrative SysML diagrams.
NOTE The rules defined in each clause are cumulative, i.e. more than one can apply to a transformation.

EXAMPLE An abstract entity with one supertype applies the transformations from 5.5.3 and 5.5.4.

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 it¢ms significant to support the explanations are formatted Gsing text effects to aid identificqtion of
the equiivalent items in the SysML, CXMI, and XSD fragments. When there is more than one significant item,
different text effects are used for the different items. The following text effects are used:

— bold;

— unlderline;

— itallics;

— milxed effects.

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

EXAMPLE 2  Usage of Bold and Ifalic text effects to ease the identification of the significant items in SysMI}, CXMI,

« »

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

SysML
Class|<<Block>> named/StepEntityName

CXMI:

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

<name>StepEntityName</name>

XSD:

<xsd:complexType name="StepEntityName'">

<xsd:complexContent>
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5.3 Common mapping conventions

5.3.1 Reference to external Canonical XMI (CXMI) files

All the references in the SysML CXMI fragments are given as xmi:idref, which assumes 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 will be the case for all reference to primitives and can be the case for other references.

The type href shall specify a relative reference to another element.

CXMI:
<ownedAttribute xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Property">

<ngme>Text</name>

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

</owngdAttribute>

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

CXMT:
<packdgedElement xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Class">
<nafile>DateTimeAssignment</name>
<getperalization xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Generalization">
general href="../../Core model/RequirementManagement%RequirementManagement.xmi# 18 4 1

8e001¢d 1504250730055 679435 26318"/>
</g¢neralization>

other tags...

</packagedElement >

5.3.2 | Xmi:id, xmi:uuid, and UUID

A CXM[ file uses xmi:id value to make references between all kinds of element. An xmi:id can be in an xmi:
idref aftribute.

Xmi:uyid (UUIDI3)), is not relevant to(the mapping transformations. After the first mapping clauge, this
attribyte will be omitted for clarity:

5.3.3 | Assumed sysml:Block in fragments

For all the fragments that@efer to Block, the following extract shows how a Block is defined in a CXMI,|This is
not repeated in the remaining examples, where only xmi:type="uml:Class” is included and the sysmil:Block

is assumed.

SysML
Class |<<Block>>

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>
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5.3.4 Containment and reference relationships

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

A reference relationship is a directed association attribute between two entities. A referenced entity by an
attribute is an entity that can be referenced multiple times, and which exists standalone. Base Root Object
entities shall always be referenced and shall not be contained.

A containment relationship is a directed aggregation attribute between two entities. A contained entity is

an entity that is owned by the entity that defines the containment relationship attribute. The contained
entity does not exist ifthe containing entity does not exist A cimp]p typeis alwavys contained

The SypML XMI to XSD mapping related to containment and reference relationships is defined in.5!11}3.

5.3.5 | Used stereotypes
The following stereotypes are used to represent specific STEP concepts:

— <<JAuxiliary>> UML stereotype is used to represent Select Data Types. Select Data Types are reprgsented
asjabstract Blocks in SysML.

— <

A

Type>> UML stereotype is used to represent two specific types of Blocks.

— Blgcks that represent list of lists.
— Blgck that represents Value Type in order to be able to includethem as member in Select Data Types.

— <<[Generic>> stereotype is used to represent abstract Blocks from which other Blocks inherit but pre not
tope included in the DataContainer. See 5.5.6 for more‘details.

— <<Enrichment>> stereotype is used to represent abstract Blocks from which other Blocks inherit where
only their properties are to be included in the XSD. See 5.5.7 for more details.

5.3.6 | Select Data Type and supertype

In STEP concepts, Select Data Types are ndt'defined as entities but as types and are therefore not defjned as
supertppes of an entity. In SysML an entity identifies the supertype entities and Select Data Types usfing the
generallization relationship. For this.document the term supertype excludes any Select Data Types.

5.4 Mapping of the DataContainer

The D3taContainer compenent is described in 4.7. The SysML package that includes the STEP datal model
shall bg a batacontainériih the resulting XSD. For a domain model, the name of the complexType shal] be the
short rjame for the application protocol, followed by “DataContainer”.

SysML

Package that\directly includes the STEP data model represented in SysML and intended to [oe
transformed and implemented

CXMI:

<uml :Package xmi:type="uml:Package" xmi:id="...">
<name>Domain model</name>

<packagedElement ...
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XSD:

<xsd:complexType name="AP242DataContainer">
<xsd:complexContent>
<xsd:extension base="DataContainer'">

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

The patacontainer shall contain a list of choices of:

1] 4] 1 4 lalal R n A "
— dlifare erementsavatranreas Daset oot UUJTLLS,

—_

— alllelements that have a supertype with the <<Generic>> stereotype and do not themselves/have the
<<[Generic>> stereotype (see 5.5.6);

— the¢ ExternalRefBaseObiject.
5.5 Mapping of Entity

5.5.1 | General entity
List of ppplication objects is provided in 4.8 and 4.9.

For ea¢h SysML Block declaration (that is not an abstract <<auxiliapy>> or an abstract <<enrichment>), the
XML S¢hema contains the definition of a new xsd:complexType with xsd:complexContent corresponfling to
that SylsML Block.

A SysML Block shall be transformed to an XSD complexTypé.

SysML
Class |<<Block>>

CXMI:

<packagedElement xmi:type='uml:€lass' xmi:id='{umlid}' xmi:uuid='...'>

<pame>StepEntityName</ndme>

XSD:

<xsdl:complexType name="StepEntityName">

<gsdycemplexContent>

The entities are categorized using one of the following:

— abstract (5.5.3);

— one supertype (that is not an entity with Enrichment stereotype) (5.5.4);
— more than one supertype (5.5.5);

— generic stereotype (5.5.6);

— enrichment stereotype (5.5.7);
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— no supertype and not used by containment (5.5.8);

— no supertype and used by containment (5.5.9).

5.5.2

Entity attribute ordering

The xsd:element within the xsd:sequence shall be ordered alphabetically by name with the following
exceptions:

— Inverse Composite Aggregation (see 5.11.7) entity attributes shall come after the other attributes and be
ordered alphabetically by name;

— A gpecific order is needed to maintain backwards compatibility.
5.5.3 | Mapping of abstract entity
A SysML abstract Block (that is not an abstract <<auxiliary>> or an abstract <<enrichhment>>) shall be
transfgrmed to an XSD ComplexType with its abstract attribute set as true.
SysML
Class|<<Block>> with abstract parameter set as true
CXMT :
<packdgedElement xmi:type='uml:Class' xmi:id="'{umlid}|

<ppame>StepEntityName</name>

<isAbstract>true</isAbstract>

XSD:
<xsd:¢omplexType name="StepEntityName'}*abstract="true'>

<gsd:complexContent>
5.5.4 | Mapping of entity with/one supertype
A SysML subtype Block thab has one supertype (that is not an <<enrichment>> stereotype) shall be mapped
to an X¥SD complexTypé-including the name of the supertype XSD complexType in the attribute baseg of the
xsd:extension element.,
SysML
Class |<<Bleck>> with general parameter including the name of the supertype Block. The
superfypdng is, formally, represented as a generalization relationship from the subtype [Block
to the¢ ‘supertype Block.
CXMT :

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

<name>SubtypeEntity</name>

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

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

XSD:

<xsd:complexType name="SubtypeEntity">

<xsd:complexContent>

<xsd:extension base="NameOfSupertypEntity">

NOTE If the entity is also abstract, 5.5.3 also applies.
5.5.5 | Mapping of entity with more than one supertype
When & SysML subtype Block that has more than one supertype all but one of those supertype shall have the
<<enrifthment>> stereotype. The SysML subtype Block shall be mapped to an XSD_tomplexType in¢luding
the name of the supertype XSD complexType, that does not have the <<enrichment>> stereotype) in the
attribyte base of the xsd:extension element, as defined in 5.5.4. The properties-of the supertypes with the
<<enrifthment>> stereotype (and their supertypes recursively) shall be added\to the xsd:sequence of the xsd:
complaxType as if they were properties of the subtype Block, as defined ift-5:11.
SysML
Class|<<Block>> with general parameter including the namés)of the supertype Blocks. The
superfyping is, formally, represented as a generalizatioh relationship from the subtype Block
to the multiple supertype Blocks.
CXMI :
<packdgedElement xmi:type='uml:Class' xmi:id=" {umlid}' xmi:uuid='...'>

<pame>EntityX</name>

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

<general xmi:idref="="¢xmi:id of the EntityA}"/>
<{generalization>
<generalization xmi:id="."xmi:uuid="..." xmi:type="uml:Generalization">
<general xmigidgref="="{xmi:id of the EntityB}"/>
<{generalization>
<¢wnedAttribute xm¥?)id="..." xmi:uuid="..." xmi:type="uml:Property">
<name>AttributeXl</name>
<[fownedAttxi¥bute>
<¢wnedAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">
<nam&>AttributeX2</name>

</ownedAttribute>

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

<name>EntityA</name>
<generalization>...</generalization>

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

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

<name>AttributeA2</name>

</ownedAttribute>

<packagedElement xmi:type='uml:Class' xmi:id='{xmi:id of the EntityB}' xmi:uuid='...'>
<name>EntityB</name>
<generalization xmi:id="..." xmi:uuid="..." xmi:tvype="uml:Generalization">
<general xmi:idref="="{xmi:id of the EntityC}"/>
<{generalization>
<¢wnedAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">
<name>AttributeBI</name>
<{ownedAttribute>
<packdgedElement xmi:type='uml:Class' xmi:id='{xmi:id of the EntityC}' xmi:uuid='...'>

<Iame>EntitzC</name>
<¢pwnedAttribute xmi:id="..." xmi:uuid="..." xmi:type="umlsProperty">

<name>AttributeCl</name>

<[/ownedAttribute>
<¢gwnedAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">

<name>AttributeC2</name>

<fownedAttribute>

<STHPlib-profile:Enrichment xmi:id={(_..">

<Jpase Class xmi:idref="{xmi:id 9f-“the EntityB}"/>
</STEPlib-profile:Enrichment>
<STHPlib-profile:Enrichmentexmi:id="...">

<pase Class xmi:idref="fixni:id of the EntityC}"/>
</STEPlib-profile:Enrichment>

XSD:

<xsd{complexType name="EntityX">

<gsdscadmplexContent>

<{¥X3d:extension base="EntityA">

<xsd:sequence>

<xsd:element name="AttributeBl">...</xsd:element>
<xsd:element name="AttributeCl">...</xsd:element>
<xsd:element name="AttributeC2">...</xsd:element>
<xsd:element name="AttributeXl">...</xsd:element>

<xsd:element name="AttributeX2">...</xsd:element>
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The above fragment has the following features:

— CXMI: Entityx has two supertypes Entitya and EntityB:
— EntityBhasasupertype EntityC,
— EntityB has a supertype Entityc both have the <<Enrichment>> stereotype,
— All the entities have properties.

— XSD: xsd:complexType for Entityx:

. B : ol PONPIERY SNE N .
— (2998 oU. T CTIIS TUIT TUIL UIIC oul.}bl Ly lJL, LITCLULYA,
—| the xsd:element for property attributeBl from Entitys,

—| the xsd:element for properties AttributeCl and AttributeC2 from EntitycC.

—| the xsd:element for properties Attributexl and AttributeX2 from EntityX.

5.5.6 | Mapping of entity with the Generic stereotype

A SysML Block that has the <<Generic>> stereotype is mapped as defined\in* 5.5 to 5.5.5. It shall|not be
includ¢d in the DataContainer.

NOTE A SysML Block does not have both <<Generic>> and <<Enrichment>> stereotypes. A SysML Block that has
the <<(eneric>> stereotype can have one supertype; and that supertypedvill have the <<Generic>> stereotypsq.

SysML
Class |<<Block>>

CXMI:
<STEPlib-profile:Generic xmi:id="..." xmi:tuid="...">
<jase Class xmi:idref="{umlid}"/>

</STEF¥lib-profile:Generic>

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

<pame>StepEntityName</ngma>

XSD:

<xsd:complexPype name="StepEntityName'">

<gsd:complexContent>

5.5.7 Mapping of entity with the Enrichment stereotype
A SysML Block that has the <<Enrichment>> stereotype does not appear in the XSD as a complexType.

NOTE The SysML Block that has the << Enrichment >> stereotype can have supertypes, and these also have the <<
Enrichment >> stereotype.

A SysML Block that is a subtype of a Block with the <<enrichment>> stereotype shall include the properties
of the supertype (and its cascade of supertypes) as if they were defined for that Block using the same rules
specified in 5.11. See 5.5.5 for more details.
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5.5.8 Mapping of entity without supertype and not used by containment

An entity (SysML Block) without supertype (or only supertypes with the <<Enrichment>> stereotype, see
5.5.7), not used by containment, and not aggregated by a relationship or an inverse relationship, shall be
transformed to a Base Root Object.

EXAMPLE An example is provided in 4.8.4.

If the entity has the <<generic>> stereotype, the entity shall not be included in the DataContainer.

SysML:

Class Block with parameter ‘all general classifier’” that doesn’t include a non-—
<<auxjliary>> Class <<Block>>, or more formally said: no generalization relationships g any
entitles (non-<<auxiliary>> Blocks).

CXMI:
<packdgedElement xmi:type='uml:Class' xmi:id='{umlid}'>

<fpame>BaseRootObjectEntityName</name>

The f¢llowing should not be found in this packagedElement:

<generalization xmi:id=".." xmi:uuid="..." xmi:type="umltEeneralization">
<general xmi:idref="{xmi:id of a Supertype}™/>

</generalization>

The f¢llowing should not be found in the rest of the Hile:

<ownedAttribute xmi:id="..." xmi:type="uml/Property">
<name>...</name>
<aggregation>composite</aggregat iom>
<type xmi:idref="{umlid}"/>

XSD:
<xsd:complexType name="BaseRootObjectEntityName">
<gsd:complexContent>,

<xsd:extension b@se="BaseRootObject">

5.5.9 | Mapping'of'entity without supertype and used by containment

An entjity (SySML Block) without supertype (or only supertypes with the <<Enrichment>> stereotype see
5.5.7), used by containment, shall be transformed to a Base Object. XSD Base 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'

<name>BaseObjectEntityName</name>

The following should not be found in this packagedElement:

The following shall be found in the rest of the file:

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

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

</generalization>

xmi:id="'{umlid}"'>

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

<name>...</name>
<aggregation>composite</aggregation>

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

XSD:

<xs

:complexType name="BaseObjectEntityName">

<gsd:complexContent>

<xsd:extension base="BaseObject">

5.6 Mapping of simple type

Simple

relatiopship between the primitive types. The extracts below provide the mapping requirements.

types are described in 4.9.3. To follow the sentantics of EXPRESS (to enable EXPRESS ffom/to
SysML|mappings), it is necessary to use the STEP simple types (also named primitive types). For ejample,
Numbaqr is a generalization of Real, that is a generalization of Integer. The UML/SysML types do not hgve this

SysML
Py

imitiveType STRING <<ValueTypes>

CXMI:
<Y

ackagedElement xmi:1d="STRING" xmi:uuid="...

<name>String</nampe>

packagedElemént>

" xmi:type="uml:PrimitiveType">

XSD:

$drstring

SysML:

PrimitiveType NUMBER <<ValueType>>
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CXMI:
<packagedElement xmi:id="NUMBER" xmi:uuid="..." xmi:type="uml:PrimitiveType">
<name>Number</name>
<isAbstract>true</isAbstract>
</packagedElement>
XSD:
xsd:double
Q)
SysML (1>)

PtimitiveType REAL <<ValueType>> '\0_)'

o
QD
CXMT : N
<packagedElement xmi:id="REAL" xmi:uuid="..." xmi:type="uml :Prig@veType">
<name>Real</name>

<generalization xmi:id="_ generalization-REAL NUMBER" xmi '@d=" .
xmi:type="uml:Generalization"> \\

<general xmi:idref="NUMBER"/> Q
</generalization> QQ

<[/packagedElement>

XSD:
xgd:double 2

SysML N

PrimitiveType INTEGER <<Valueg§pe>>

3

)

~

“

CXMI:
<packagedElement @: 1d="INTEGER" xmi:uuid="..." xmi:type="uml:PrimitiveType">
<name>Intege ame>

<generaliz&f4i®n xmi:id=" generalization-INTEGER REAL" xmi:uuid="..."
xmi:type="uml: ralization">

<ge xmi:idref="REAL" />
</ alization>
< p@skagedElement>

XSD:

xsd:integer

SysML:
PrimitiveType LOGICAL <<ValueType>>
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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>
</packagedElement>
XSD:
<gsd:simpleType name="logical"> (l/b‘
<xsd:restriction base="xsd:string"> (19
<xsd:enumeration value="false"/> 6‘
<xsd:enumeration value="true"/> P
<xsd:enumeration value="unknown"/> Q(b
</xsd:restriction> Q(b
<[xsd:simpleType> O\'\
\ ~4
O
SysML $<\v

PrimitiveType BOOLEAN from specialized LOGICAL <<Valug}‘ e>>
O
N

CXMT : 5\\}'
—n

<packagedElement xmi:id="BOOLEAN" xmi:uuidZs"\\'Q " xmi:type="uml:Enumeration">

<name>Boolean</name>

<generalization xmi: id="_generalizati@OOLEAN—LOGICAL" xmi:uuid="..."
xmi:type="uml:Generalization"> A

<general xmi:idref="LOGICAL"/> \O
</generalization> .
3 1 1 n n \\'-CJ 3 " " 1 n ; ; "
<ownedLiteral xmi:id="TRUE" (xmi:uuid="..." xmi:type="uml:EnumerationLiteral™>

<name>True</name> @ .

</ownedLiteral>
<ownedLiteral xmi: idegLSE" xmi:uuid="..." xmi:type="uml:EnumerationLiteral">
<name>False</nar@ :

</ownedLiteral%\%

<fpackagedEle
</uml: Packageg\Q‘

N

PRy
XSD: %’\
Xsd: bdeteasr

For each of the defined uml:Enumeration and uml:PrimitiveType, a corresponding sysml:ValueType is
defined.

EXAMPLE sysml:ValueType usage in CXMI.

CXMT:
<sysml:ValueType xmi:id="BOOLEAN VT" xmi:uuid="...">
<base DataType xmi:idref="BOOLEAN"/>
</sysml:ValueType>
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NOTE Binary simple type is not mapped because it is not used.

5.7 Mapping of aggregation type
There are four types of aggregation:

— Bag;

— Set;

— List;

— Array.

For this document, all types of aggregations use Set in the XSD. isOrdered is default false ifyomitted and
isUniqtie is default true if omitted:

CXMI:
<isOrdered>true</isOrdered>

<isUn]que>false</isUnique>

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

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

CXMI:

” _n

<packagedElement xmi:id"...” xmi:type="uml:Class'l>
<name>NameSet</name>
<ownedAttribute xmi:id="... " xmi:types"uml:Property">
<name>elements</name>
<aggregation>composite</aggregation>
<type xmi:idref="{umlid of the Entity}"/>
<lowerValue xmi:id="...YV" xmi:type="uml:LiteralInteger">
<value>2</value>
</lowerValue>
<upperValue xmi:Gds"..." xmi:type="uml:LiteralUnlimitedNatural">
<value>*</vdlué>
</upperValue>
</ownedAttribdte>

</packagedkdement>

XSD:

sd-olamant nomao " oot fan Lot " a0 sl On

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

</xsd:complexType>

</xsd:element>

NOTE
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In CXMI, the combination of isOrdered (default false if omitted) and isUnique (default true if omitted) define
the four types of aggregations:
— Notordered + not unique = Bag;
— Notordered + is unique = Set;
— Isordered + Is unique = List of unique;

— Isordered + not unique = List.

Two tyjpes of aggregation of aggregation are used:
— List of List of a simple type;
— Aray of array of an entity.

A list ¢f lists of a simple type is represented by a Block, with an “elements” preperty, which the naming

converftion for aggregation of aggregation. Because of the XSD modelling language, the corresppnding
represgentation in XSD is simple.
A SysML List of List of a simple type shall be transformed directly to an XSBD¢element typed as a simple type:
SysML
Clags <<Block>> <<Type>> List of List of Real
CXMTI:
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>NameOfTheListOfListType</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>elements</name>
<isOrdered>true</isOrderedX
<isUnique>false</isUniqgue>
<type href="../../..ADataTypes.xmi#REAL" />
<lowerValue xmi:id=">».." xmi:type="uml:LiteralInteger">
<value>2</value>
</lowerValue>
<upperValuye mi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value®3</value>
</upperValue>
</owpedAttribute>
XSD:
<xsd:complexType name="AnEntity">
<xsd:complexContent>
<xsd:extension base="BaseObject">
<xsd:sequence>
<xsd:element name="{attribute typed as NameOfTheListOfListType}"
type="xsd:string" />

An array of array of an entity is represented by a Block, with an “elements” property, with the naming
convention of aggregation of aggregation.
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An Array of Array of an Entity shall be transformed directly to an XSD element typed as the entity with the
maxOccurs attribute set.

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

CXMT:
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>ARRAYEntity</name>

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

<name>elements</name>

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

<upperValue xmi:id="..." xmi:uuid="..." xmi:type="uml:LiteralUnlimiteédNatural"
<value>3</value>

</upperValue>

</ownedAttribute>

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

<xsd:sequence>
<xsd:element name="ARRAYEntity" types"ARRAYEntity" ="{number of upper limit

of thg array}"/>
</xsd:sequence>

</xsd:complexType>

</xsd:element>

5.9 S§elect Data Type

5.9.1 | Mapping of Select Data Type

A Seledt Data Type in SysML is dnabstract Block with the <<auxiliary>> stereotype. Its members are subtypes
of this|Block. The following extract assumes the Select Data Type is not used in a contained attripute. A
SysML|Auxiliary Abstract‘Block shall be transformed to an XSD Group. XSD group is described in 4.9.1.

SysML
Class |<<Block>>{KxAuxiliary>> Abstract

CXMT:
<packagedElement xmi:id="{xmi id of the Select)}" xmi:type="uml:Class">

<name>NameOfTheSelect</name>

<isAbstract>true</isAbstract>

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

</generalization>

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

<StgndardProfile:Auxiliary xmi:id="..." xmi:uuid="..">

<Ppase Class xmi:idref/>

</StandardProfile:Auxiliary>

XSD:

<xsd:group name="NameOfTheSelect">

<fsd:choice>
<xsd:element name="{name of the member}" type=“"Reference}"/>

<xsd:element name="{name of another membexr ™ type="Reference"/>

<[xsd:choice>

</x$d:group>

NOTE
— A Select Data Type can contain another Select Data Type;
— Members of the Select Data Type can be either reference or containment attributes, but usually not poth;

— When a subtype of{the'Select Data Type has the <<Generic>> stereotype, then it is omitted from th¢ choice
list and|replaced with the cdscade of its subtypes that are not also <<Generic>>.

EXAMBLE 1 Select Data Type containing another Select Data Type

CXMT:
<packdgedElement xmi:id="{xmi id of the Select}" xmi:type="uml:Class">
<ndme>NameOfTheSelect</name>
{isAbstract>true</isAbstract>

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

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

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

</generalization>
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XSD:

<xsd:group name="NameOfTheSelect">

<xsd:choice>

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

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

</xsd:choice>

</xsd:group>

<xsd:

f¥sd:choice>

roloemaammemt N o o O F THh S ANAQTIT DS o ] £
g

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

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

<[xsd:choice>
</xg$d:group>
EXAMBLE 2  Select Data Type containing <<Generic>>. The structure for this example-is illustrated in Figur¢ 1
<<auxiliary>>
NameOfTheSelect
<<Generic>>
NameOfGenericStepEntity1
NameOfNormalStepEntity1 <<Generic>>
NameOfGenericStepEntity
NameOfNormalStepEntity2
NameOfNormalStepEntity3
Figure 1 — Illustration of the example entity structure
This 1esultant XSP-fragment has an xsd:choice has two elements NameOfNormalStepEntityl and
NameOfNormalStepEntity2 and is and explained as follows:
— NdmeOfGenericStepEntityl and NameOfGenericStepEntity2 are not present because they hgve the

<<[Generic>> stereotype;

— NameOfNormalStepEntityl is present because it does not have the <<Generic>> stereotype and is a
subtype of the Block “NameOfGenericStepEntity1” that has the <<Generic>> stereotype and is a subtype
of the Select Data Type;

— NameOfNormalStepEntity2 is present because it does not have the <<Generic>> stereotype and is a
subtype of the Block “NameOfGenericStepEntity2” that has the <<Generic>> stereotype thatis a subtype
of “NameOfGenericStepEntity1”;

— NameOfGenericStepEntity3 is not present because it is a subtype of “NameOfGenericStepEntity2” that

do

es not have the <<Generic>> stereotype.
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CXMTI:
<STEPlib-profile:Generic xmi:id="..." xmi:uuid="...">

<base Class xmi:idref="{xmi id of Genericl}i"/>
</STEPlib-profile:Generic>
<STEPlib-profile:Generic xmi:id="..." xmi:uuid="...">

<base Class xmi:idref="{xmi id of Generic2}"/>
</STEPlib-profile:Generic>
<packagedElement xmi:id="{xmi id of the Select}" xmi:type="uml:Class">

<name>NameOfTheSelect</name>

isAbstract>true</isAbstract

<packdgedElement xmi:type='uml:Class' xmi:id='{xmi id of the Genericl}' xmi:uuid='_,("

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

</generalization>

<packdgedElement xmi:type='uml:Class' xmi:id='{umlidl}' xmi:uuid="'.A ">
<ngme>NameOfNormalStepEntityl</name>

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

</generalization>

<packagedElement xmi:type='uml:Class' xmi:id='{xmi 1id\of Generic2}' xmi:uuid='...'>

<ngme>NameOfGenericStepEntity2</name>
<generalization xmi:id="..." xmi:typesltml:Generalization">
<general xmi:idref="{xmi id of Genericl}"/>

</generalization>

<packdgedElement xmi:type='uml:Class's\kmi:id="'{umlid2}"' xmi:uuid='...'>
<ngme>NameOfNormalStepEntity2</name>

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

<general xmi:idref=%{®mi id of Generic2}"/>

</generalization>

<packggedElement xmi:tiype="'uml:Class' xmi:id='{umlid3}' xmi:uuid='...'>
<ngme>NameOfNorma¥StepEntity3</name>

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

<geneval xmi:idref="{umlid2}"/>

</geheralization>

v>

XSD:

<xsd:group name="NameOfTheSelect">

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

<xsd:element name="NameOfNormalStepEntity2" type="Reference"/>

</xsd:choice>

</xsd:group>
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5.9.2 Proxy artefact
A Proxy artefact is a SysML modelling construct used to include Value Types as members of a Select Data Type.

NOTE1 InSysML, Select Data Types are Blocks and the members of the Select Data Types are subtypes of the Block.
A Value Type, such as a string, cannot be a subtype of a Block and therefore cannot directly be a member of a Select
Data Type. This is resolved by the using the concept of Proxy. Proxies are Abstract Blocks stereotyped as <<Type>>
and its members are Value properties named as “value” per the naming convention. Therefore, a proxy is a model
artefact that allows a generic data type to be used as a class object for a Select Data Type.

A Proxy artefact shall not be represented in the implementation form when the implementation language
has a more efficient representation of the type in the Select Data Type.

EXAMPLE The ClassStringProxy is used to represent a class as a string. The name of the correspondinlg Value
Type is|ClassString.

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

CXMT:
<pag¢kagedElement 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:

<xsdlgroup name="ClassSelect">

<fsd:choice>
<xsd:element name="Class" type="Reference"/>
<xsd:element name="ClassString* type="xsd:string"/>
<xsd:element name="ExternalOwlClass" type="Reference"/>

<fxsd:choice>

</x$d:group>

5.10 Mapping of enumieration type

Enumgration is described in 4.9.1. A SysML Enumeration Value Type with EnumerationLiterals shall be
transfgrmed to an-XSD simpleType included a restriction element with the base attribute set as an XSD|string.

SysML
Enumefatdon <<Value Type>> with EnumerationLiterals

CXMTI:
<packagedElement xmi:id="..." xmi:type="uml:Enumeration">
<name>NameOfTheEnumeration</name>
<ownedLiteral xmi:id="..." xmi:type="uml:EnumerationLiteral”>

<name>an enumeration string</name>

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

<name>another enumeration string</name>

XSD:

<xsd:simpleType name="NameOfTheEnumeration">

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

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

<
</x

L I il i1 e . = - 11
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xsd:restriction>

d:simpleType>

5.11 Mapping of entity attribute

5.11.1
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ites of an entity are represented by SysML Properties. The three types.df properties are:

ue property: these are typed as a simple type or an enumeration/type and shall be containeq

't property: these are typed by a Select Data Type or by a Block and shall be contained in th
en instantiated;

ck when instantiated.

h SysML explicit property of a SysML block declaration (and the explicit properties of any supe

nent definition, with exceptions (see below). The following general rules are applied:

ML Block properties that have simple semantics, XML attributes are used (DateTimeStrin
LeTime);

e order of elements is fixed - this is realized with XML Schema sequence grouping;
e name of the XSD element.is the name of the property in the SysML model;

each inverse compeosite aggregation property of a SysML Block declaration, the associate
mplexType contains-an XSD element declaration corresponding to the SysML Block property.

MI below presents the generic declaration of properties in a Block.

in the

b Block

erence property: these are typed by a Select Data Typeor by a Block and shall not be containedl in the

rtypes

vely that have the <<enrichment>> stereotype) the corresponding ComplexType in the XSD c¢ntains

g uses

pd xsd:

CXMI:
<packd

gedEtement .. xmi:ty”e="uml:Cl1”ss">

<nmame>Entity...</name>

<ownedAttribute xmi:”d="".." xmi:uu”d="".." xmi:ty”e="uml:Prope”ty">
<name>NameOfTheAttribute</name>

<type xmi:idr”f="{xmi id of the type of the attribu”e}"/>

<association xmi:idr”f="".."/>
</ownedAttribute>
<ownedAttribute xmi:”d="".." xmi:uu”d="".." xmi:ty”e="uml:Prope”ty">

<name>NameOfAnotherAttribute</name>
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<aggregation>composite</aggregation>

<type xmi:idr”f="".."/>
<association xmi:idr”f="".."/>
<lowerValue xmi:”d="".." xmi:ty”e="uml:Literallnte”er"/>

”

<upperValue xmi:”d="...” xmi:ty”e="uml:LiteralUnlimitedNatu”al">
<value>*</value>
</upperValue>

</ownedAttribute>

When fhe following is declared in the ownedAttribute, it means it is a Part Property. When it is omitted, it
means|it is a Reference Property.

CXMT :

<aggrggation>composite</aggregation>

<lowerValue> and <upperValue> defines the multiplicity and the optionality:

— when <lowerValue> not is declared, it means the attribute is mandatory;

— when <lowerValue> is declared, without embedding a <value>, it means theattribute is optional (value = 0);
— <vplue> provides the multiplicity.

See 5.3.5 for use of the <<enrichment>> stereotype.

5.11.2| Mapping of multiplicity and optionality

The SysML Block properties multiplicity shall be transforimed to XSD as presented in the extracts belpw:
SysML

Propefty multiplicity is [1]

CXMI:

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

XSD:

<xsd:g¢lement name="ModifiedBy" type="Reference"/>

SysML

Propetty/multiplicity i [0, 1]

CXMT :

<lowerValue> set but <value> not set

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

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

SysML:
Property multiplicity is [0..*]

CXMI: ™
<lowegValue> set but <value> not set er/
<uppefValue> set and <value> set as * «.
N°
(b/
)
XSD: ,\Q"
There|is an inner complexType and sequence or one element with maxOc s=unbounded and t}he
name $et to the name of the SysML Block. &
<xsd:¢lement name="Approvals" minOccurs="0"> O\
<fsd:complexType> \\%
<xsd:sequence> O
<xsd:element name="Approval" type="Referen QmaxOccurs="unbounded"/>
</xsd:sequence> Qé
<fxsd:complexType> 0\\
</xsd]element> ns\
®v
D
SysML K\
Propefty multiplicity is [1..*] \O
C)»\\c‘}‘
CXMI : "
<lowegpValue> set nad <value gt as 1
<uppefValue> set and <valuke>) set as *
Oo
N
XSD Qo')
This 1s as [O..?]?;xcept the minOccurs is not set (as the default behaviour is 1).
<xsd:¢lement e="Identifiers">
<fsd: lexType>
6 d:sequence>
e temertt TEme = CoTteR TSt ITTT Yy pe— CoTtER CS t T I e RoTT U s = umboarded " / >

</xsd:sequence>
</xsd:complexType>
</xsd:element>

SysML:
Property multiplicity is [n..*]
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CXMI:
<lowerValue> set nad <value> seet as n (integer)

<upperValue> set and <value> set as *

XSD:
This is as [l..*] except the minOccurs is set "n" for the inner element.

<xsd:element name="XxxYyyZzz"

<xsd:complexType>

Ll. S THUTIITUT
<xsd:element name="AaaBbbCcc" type="cmn:Reference" minOccurs="2"
maxOcqurs="unbounded" />

</xsd:sequence>

<[xsd:complexType>

</xsd{element>

5.11.3| Attribute typed as an Entity

The XNIL element corresponding to a SysML property whose data type is a Block and stereotyped fs Part
Properjty (not Auxiliary or Type) shall be transformed to an XSD element that'has the type set to the fame of
a ComplexType. Such attribute permits containment relationships (see5.84).

SysML
<<Parf Property>> typed as a Block

CXMTI:
<owppedAttribute xmi:id="..." xmi:type="umls\Property">
<name>NameOfTheAttribute</name>
<aggregation>composite</aggregation>
<type xmi:idref="{uml id of-\the typing Block}"/>
<association xmi:idref="7T\>"/>
XSD:
XML element type is ,the“/name of a complexType defined in XML Schema.
The Element in XMI{ d6Cument is instantiated inside parent element so that the attribute |[is
repregented by céatédinment. Example assumes mulitplicity of 1.
<xsd:g¢lement-name="NameOfTheAttribute" type="name of the typing complexType">

The XME_ element corresponding to a SysML property whose data type is a Block and stereotyped as
head Dranarty (ot Avviliarygy ar Touna) chall ha trancforimaad +0 A1 YC) alaman hathactha
RefereheeProperty{not-Auxitary-ortype)shall-be-transformedto-anXSh-elementthat-has-the-type set to

“Reference”. Such attribute permits reference relationships (see 5.3.4) within the XML document by using
uid and uidRef XML attributes.

SysML:
<<Reference Property>> typed as a Block
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CXMTI:
<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 Block}"/>
<association xmi:idref="..."/>
It should not contain:
<aggregation>composite</aggregation>
XSD:
XML element type shall be defined asReference.
TheReference attribute shall reference the uid attribute of an XML complexTyp€ corresponjding
to thg SysML Block data type of the property.
<xsd:g¢lement name="Attributel" type="cmn:Reference"/>
5.11.4| Attribute typed as Select Data Type
SysML|property whose data type is an Abstract Auxiliary Block,(Select Data Type) data type shall be
transfgrmed to an XSD attribute declared to have an xsd:compleXType of a xsd:group with the xsd:rdf is the
name of the Auxiliary group in the XSD declaration. XSD Group‘is described in 4.9.1.
SysML
<<Refg¢rence OR Part Property>> typed as a selecf{Class <<Block>> <<Auxiliary>>
CXMI:
<packggedElement ... xmi:type="uml:Class">
<nae>Entityl</name>
<owppedAttribute xmi:id="..." xmi:type="uml:Property">
<name>Attributel</ndme>
<type xmi:idref="{pml id of the typing Select Block}"/>
<association xmiridref="..."/>
If thls is a reference property, it should NOT contain:
<aggrggation>compesite</aggregation>
XSD:
<xsd:complexType name="Entityl">

<xsd:complexContent>

<xsd:extension base="...">
<xsd:sequence>
<xsd:element name=" Attributel">
<xsd:complexType>
<xsd:group ref="SelectBlockName" maxOccurs="unbounded"/>
</xsd:complexType>

</xsd:element>
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group name="AssumedItem">

<xsd:choice>

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

<xsd:element name="ComponentRealizationAssociation" type="Reference"/>

5.11.5

Part Pr

Attribute typed as Enumeration type

operties of SysML Blocks that are of enumeration types shall be transformed to the XSD eleme

the nafne of a xsd:complexType of the Enumeration.

ht with

SysML
<<Part Property>> typed as an Enumeration <<Value Type>> with Enumerationliterals
CXMT:
<packagedElement ... xmi:type="uml:Class">
<name>Entityl</name>
<owpedAttribute xmi:id="..." xmi:type="uml:Property">
<name>Attributel</name>
<type xmi:idref="{uml id of the typing Enumeration Block}"/>
<association xmi:idref="..."/>
<packagedElement xmi:id="="{uml id of the typing Enumeration Block "
xmi:type="uml:Enumeration">
<name>NameOfTheEnumeration</name¥®
<ownedLiteral xmi:id="..." xmiktype="uml:EnumerationLiteral’>
<name>an enumeration strihy</name>
</ownedLiteral>
<ownedLiteral xmi:id=%s\“" =xmi:type="uml:EnumerationLiteral”>
<name>another engmeration string</name>
XSD:
<xsd:simplefype name="NameOfTheEnumeration">
<fsd:reSt¥iction base="xsd:string">

<xéddenumeration value="an enumeration string"/>

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

<xsd:

</xsd:restriction>

complexType name=" Entityl">

<xsd:complexContent>

<xsd:extension base="...">
<xsd:sequence>

<xsd:element name=" Attributel" type="NameOfTheEnumeration "/>
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Attribute typed as simple type

Simple types have an equivalent predefined XSD type. SysML properties typed as a simple type shall use the
predefined XSD type as listed in the Table 1.

Table 1 — Simple types and corresponding XSD types

Simple type XSD element type

Number, Real xsd:double

Integer xsd:integer

String xsehstring

Booleah xsd:boolean

DateTimeString xsd:dateTime

Duratipn xsd:duration

Langugge xsd:language

SysML

<<Part Property>> typed as a PrimitiveType STRING <<Value Type>> (‘DateTimeString”

CXMI:
<packggedElement xmi:id="{xmi id of the ValueType}" xmivuuid="..."
xmi:type="uml:PrimitiveType">
<name>DateTimeString</name>
<generalization xmi:id="..." xmi:uuid="NW" xmi:type="uml:Generalization">
<general href="../../../DataTypes.xmd#STRING" />
<ownedAttribute xmi:id="{xmi id of(the attribute" xmi:uuid="..."
xmi:type="uml:Property">
<name>ActualStartDate</nahe>
<aggregation>composite</faggregation>
<type xmi:idref="{xmi\id of the ValueType}"/>
XSD:
<xsd]element naml@=" 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 ¢ontent
string shallbe according to IEEE 754-1985[12],
5.11.7 Fixed Value attribute

A Fixed Value attribute is a read-only attribute with a default value that shall not be changed. The Fixed
Value is defined as follows in CXMI. The default value information is not preserved in the resulting XSD. The
Fixed Value is verified by a dedicated Schematron rule: see 6.3.

value

SysML:

Fixed Value <<Part Property>> typed as a PrimitiveType STRING <<Value Type>> with the default

set as a string and as a read-only property
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CXMI:

<ownedAttribute xmi:id="{xmi id of the attribute}" xmi:uuid="..." xmi:type="uml:Property">

<name>NameOfFixedValueAttribute</name>

<type xmi:idref="STRING"/>
<isReadOnly ..>true</isReadOnly>

<defaultValue xmi:id="{xmi id of the valuel}l" xmi:uuid="...
xmi:type=rumITLIterarstring

<value>default value string</value>
</defaultValue>

5.11.8| Inverse Generic attribute

An inverse property is a read-only and not-stereotyped property within bi-directional association in SysML.
These pre intended as constraints not as properties therefore, they are spegified in Schematron (see 6.4)
rather|than XSD.

NOTE The inverse read-only property is used to enable the same modelling’process as is used in EXPRHSS. The
SysML Janguage allows the source end to be set as needed, as presented inthe example below. The ISO 10308 use of
SysML Hoes not permit this method of modelling (out of scope of this locument). Instead, the association {s made
bidirecfional with the source end read-only and named. This enables astyuctural constraint verification by th¢ means
of the inverse attribute to be integrated inside the SysML. A non-optional inverse attribute specifies that an entjty shall
be refefenced by another entity. This mechanism cannot be verified'by the XSD validation, hence such a cons{raint is
specifidd in Schematron (see 6.4).

EXAMPLE Change the multiplicity from [0..*] to [1..*] to'mhake it mandatory.

The SysML Block with an inverse generic attribute.is defined as follows in CXMI:

SysML

Class|<<Block>> named "ExternalClassSystem” with an Inverse Generic attribute named
“AlloyedClasses”

CXMI:

<packggedElement xmil:type='uml:Class' xmi:id='{umlid}' >

<pame>ExterpnailClassSystem</name>

<¢wneddttribute xmi:type="uml:Property" .>

<name ..>AllowedClasses</name>

L 17 V74

: sl = . 1
TY L HT—TCTreT To—CcTaSS

<isReadOnly ..>true</isReadOnly>
<type xmi:idref="id class”/>

If this is mandatory, it should not contain lowerValue.

<upperValue ..>

<value>*</value>
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<association xmi:idref="id asso"/>

5.11.9 Inverse Composite Aggregation attribute

Inverse Composite Aggregation attribute is a special case of Inverse Generic attribute. The mapping of an
Inverse Composite Aggregation attribute is the following: in SysML, these are displayed as an arrow with
the black diamond at the same end as the arrowhead (see Figure 2). 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

irected association for "ra]afinnchip-]iba" Blocks and have o mn]fip]ir‘ify of1

EXAMP
Aggreg

In the
sequer

NOTE 1
This sh

«block»
1

X

0.*

1

«block»
2

Figure 2 — Inverse Composite Aggregation

IndividualPartRelationship

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

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

Relating

0-* Related
1

IndividualPart

parts
Id : IdentifierSelect [1]
Name ="DescriptorSelect [1]
Description : DescriptorSelect [0..1]
SameAs : Proxy [0..%]
Versions : IndividualPartVersion [1.*]

ce after thes,-normal" elements.

owsa fragment that has the following features:

Figure' 3 — Inverse Composite Aggregation in the example

XML schemg; Inverse Composite Aggregation shall be added to the "containing" xsd:compll

Inverse Composite Aggregation are not contained in an outer tag even though they have a multiplicit

LE1 In Figure 3 the IndividualPartRelationship attribute “Relatisig’ is an Inverse Composite
htion, and the “Related’ the accompanying directed association which happens to point to the same bl

bck.

exType

gy of 0..%,

— complexType rndividualPart with sequence containing element IndividualPartRelationship:

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

— the minoccurs and maxoccurs reflect the multiplicity at the non-navigable end, but there is no outer
tag to contain the potentially multiple entries;

— complexType IndividualPartRelationship with sequence:

containing element Related,

not containing element relating.
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SysML:

Inverse << Part Property >>

CXMI:

<packagedElement xmi:id="id rel" xmi:type="uml:Class">

<name>IndividualPartRelationship</name>

OWNedALLribute Xmi:id="..." Xmi:type-"uml:Property"
<name>Relating</name>
<type xmi:idref="id part"/>

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

<type xmi:idref="id part"/>

packagedElement xmi:id="id asso" xmi:type="uml :Associatio&
<memberEnd xmi:idref="..."/> g\\

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

<memberEnd xmi:idref="..."/> Q O

<aggregation>composite</aggregation>

<name>Indi VidualPart@name>

O

<«

g

$e)
N

<type xmi:idref="id rel"/> 0\.\
<association xmi:idref="id asso"/> %)
<lowerValue xmi:id="..." xmi:type="u ﬁ\.LiteralInteger"/>
<upperValue xmi:id="..." xmi:typg—&l :LiteralUnlimitedNatural">
<value>*</value> A\
</upperValue> \O
</ownedEnd> . c\)b
</packagedElement> C)\\
<packdgedElement xmi:id="id " xmi:type="uml:Package">

™
Pk
NO*

XSD:

<xsd:¢ompl: ype name="IndividualPartRelationship">

<4 :complexContent>

s taonco PN 2 =D Ol Ell

<xsd:sequence>

<xsd:element name="Related" type="Reference"/>

NO Relating attribute should be included.

<xsd:complexType name="IndividualPart">
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<xsd:complexContent>
<xsd:extension base="BaseRootObject">

<xsd:sequence>

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

5.11.10Redefined attributes

SysML
direct

— Multiplicity: only restriction of the original;

— Type: the type referenced by a redefined attribute shall be a direct or indirect subtype of tHe type
referenced by the original attribute;

— Reldefined redefinition: it is permitted to redefine a property that itself redefines another property;
— Any of the above in combination.

That redefinition information is not preserved in the resulting XSP. To ensure that these redefinitiions in
SysMLlare respected in STEP XML data, Schematron rules shalkbe‘defined (see 6.6).

6 SyisML XMI to Schematron

6.1 General

This clause describes the concepts and rules‘for the transformation mapping from a STEP SysML| model
stored|as a CXMI file to a Schematron file (SEH). It uses the same presentation conventions described|in 5.2.

Schemftronl2l is an XML rule-based walidation language that enables the validation of XML dociments
using fules not supported by the XSD-language. A Schematron file defines assertions applied to either the
structure or to the content of anXML file, or both.

This clpuse specifies Schematron rules for the following constraints:
— SypML model structural rules;

— type of referenCed’subtype entity;

— fixed values;

— inyerse generic attributes;

— andTredefimnitions;

— SysML model formal propositions (SysML constraint objects): Where Rules (WR) and Unique Rules (UR),
specified in OCL within the SysML Model;

— XSD ExternalRefBaseObject element.

Schematron rules may be executed on STEP XML data file using XSL transformations, built-in Schematron
XML tool, or other solutions; and may be associated to a textual description that documents the Schematron
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rule results. Schematron rules only apply on error reporting only. As described in Clause 1, the following is
out of scope of this document:

— codes and scripts to transform SysML XMI to Schematron rules;

— process, codes, and scripts to apply Schematron rules on XML documents with a resulting human-
readable report.

6.2 Type of referenced subtype entity

This type of Schematron rule is to verify the type of a referenced subtype entity and all its subtypes. For
each rg - i ;

NOTE The XSD Key-ReyRef syntax is intended to verify the references between attributes using the uid anq uidRef
XML atfributes. However, this syntax verifies if the referenced entity instance has the correct root supertype (
element name) and does not verify if the used subtype is valid (xsd:type XML attribute).

SysML

<< Reference Property>> typed as a Block that is a subtype.

The enptity NextAssemblyOccurrenceUsage has an attribute Related of type
DefinjtionBasedOccurrence. This means that any NextAssemblyOccurrengeUsage shall have one
DefinjtionBasedOccurrence (or any subtypes) referenced as Related,

CXMI:

<packggedElement xmi:id="{uml id of ViewOccurenceReldtionship}" xmi:type="uml:Class">

<name>ViewOccurenceRelationship</name>

<owppedAttribute xmi:id="..." xmi:type="umliRroperty">
<name>Related</name>

<type xmi:idref="{uml id of DefdinitionBasedOccurrence}"/>

<packdgedElement xmi:id="{uml id of\DefinitionBasedOccurrence}" xmi:type="uml:Class">

<name>DefinitionBasedOccurrence</name>

<isAbstract>true</isAbstract>

<packdgedElement xmi:type='uml:Class' xmi:id='{umlid}"'>
<mpame>QuantifiedOecurrence</name>

generalizatdey xmi:id=".." xmi:uuid="..." xmi:type="uml:Generalization">
<gener@k xmi:idref="{xmi:id of DefinitionBasedOccurrence}"/>

/generalization>

mofe subtypes of both DefinitionBasedOccurrence and QuantifiedOccurrence
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SCH:

<sch:rule context="//ViewOccurrenceRelationship[Quid and substring-after (@xsi:type,':"')="Next
AssemblyOccurrenceUsage'] /Related">

<sch:let name="uid" value="../@uid"/>

<sch:let name="uidRef" value="./QuidRef"/>

<sch:assert test="//Occurrence[Quid = SuidRef and contains ('
DefinitionBasedOccurrence QuantifiedOccurrence CableOccurrence WireOccurrence
SingleOccurrence ', substring-after (@xsi:type,':"'))]">(NextAssemblyOccurrenceUsage

<sch:value-of select="$uid"/>) The NextAssemblyOccurrenceUsage.Related contains a bad
reference (<sch:value-of select="$uidRef"/>) must be of type DefinitionBasedOccurrence.</

sch:a§seTT

</sch:rule>

EXAMPLE The following shows a fragment of XML where the entity NextAssemblyOccurrenceUsage “_315011”
referenges as its Related attribute a SpecifiedOccurrence “_213110” that is not a DefinitionBasedQcc¢urrencq or any

subtyp¢ of it.

XML ffagment:

<ViewQccurenceRelationship uid=" 315001" xsi:type="n0:NextAssemblyOfeUrrenceUsage”>
<Related uidRef=" 213100"/>
<RelatedType>...

</VieWOccurenceRelationship>

<Occufrence xsi:type="n0:SpecifiedOccurence” uid=" 2133:10">

</Occhrrence>

Reporf fragment:

(]

Error|description: (NextAssemblyO¢CurrenceUsage: 315001) The NextAssemblyOccurrenceUsag]
Relat¢d contains a bad reference. (7213110) must be a type of DefinitionBasedOccurrence

6.3 Fixed Value attribute

For eag¢h Fixed Value attribute (5.11.7), a Schematron rule shall be created as follows:

SysML

Fixed|Value <KPart Property>> typed as a PrimitiveType STRING <<Value Type>> with the dejfault
value|set as-g¥string and as a read-only property

CXMI:

<ownedAttribute xmi:id="{xmi id of the attribute}" xmi:uuid="..." xmi:type="uml:Property">

<name>NameOfFixedValueAttribute</name>

<type xmi:idref="STRING"/>
<isReadOnly ..>true</isReadOnly>

<defaultValue xmi:id="{xmi id of the valuel}" =xmi:uuid="...
xmi:type="uml:LiteralString">
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<value>default value string</value>
</defaultvalue>

SCH:

rrencq
conta]

<sch:J

<sch:pattern id="NextAssemblyOccurrenceUsage”>

<sch:rule context="//ViewOccurrenceRelationship[Quid and substring-after (@xsi:type

AAEED

='NextAssemblvOccurrenceUsage'] /NameOfFixedValueAttribute ">
<sch:let name="uid" value="../@uid"/>
<sch:assert test="ClassString/text() = ‘default value string'"> (NextAssemblydcd

Usage : <sch:value-of select="$uid"/>) The NextAssemblyOccurrenceUsage.RelationTypy
ns the wrong value (

falue-of select="ClassString/text ()"/>

) must be ‘default value string '.

</sch:assert>

</sch:rule>

[

6.4 Inverse Generic attribute

An Inv
inversg
Schem

erse Generic attribute (5.11.8) specifies that an entity shallklbe referenced by another entity.

htron rule shall be created as follows:

If this

b constraint is not met, then an error shall be detected. Feb each Inverse Generic attribute, a dedlicated

SysML

Class
Propel}

<<Block>> named "ExternalClassSystem” with an Inverse Generic attribute <<Part
ty>> named “AllowedClasses”

CXMI:

<pack
<1

gedElement xmi:type='umisClass' xmi:id="'{umlid}"' >

ame>ExternalClassSystem</name>

wnedAttribute xmi<type="uml:Property" ..>
<name ..>AllowédClasses</name>
<type xmiidref="id class”/>
<isReadOnly ..>true</isReadOnly>
<type.xmi:idref="id class”/>

If th

s~is mandator it showld not contain lowerValue

<upperValue ..>

<value>*</value>

<association xmi:idref="id asso"/>
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SCH:

<sch:pattern id="ExternalClassSystem”>

<sch:rule context="//ExternalClassSystem[Quid]”>
<sch:let name="uid” value="./Quid/”/>

<sch:assert test="//Class/DefinedIn[QuidRef = $Suid]”> (ExternalClassSystem
<sch:value-of select="$uid”/>) The ExternalClassSystem.AllowedClasses inverse rule must be
referenced by Class. </sch:assert>

</sch:rule>

</sch{pattern>

EXAMPLE The following shows a fragment of XML where the ExternalClassSystem “_100502! is c¢rrectly
referenced by the Class “.100501", whereas the ExternalClassSystem “_100555” is not, and the result’report displays
the err¢r for the ExternalClassSystem “_100555".

XML ffagment:

<Clasg UID = ™ 1005017>
<PpefinedIn uidRef="_ 100502"/>

</Clags>

<ExtefnalClassSystem uid="_100502">

</ExtgrnalClassSystem>

<ExtefnalClassSystem uid="_ 100555">

</ExtgrnalClassSystem>

Reporf fragment:

Error|description: (ExternalClassSystem: 100555) The ExternalClassSystem.AllowedClasses
inverg¢e rule must be reféxenced by Class.

6.5 Redefinition

As intfoduced in»5:11.10, the following property parameters may be redefined. For each of them, a
Schemftron rule shall be created as follows:

verified.

— N1me: the attribute name redefinition does not appear in the XSD and so the information cannot he to be

— Multiplicity:

SysML:

Class <<Block>> named “Datum” that has redefined the multiplicity of the attribute named
“Name” from its supertype named “ShapeElement” from [0..1] to [1] (mandatory)
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CXMTI:
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name ...> Datum </name>
<generalization xmi:id="... xmi:type="uml:Generalization">
<general ... xmi:idref="{id of the supertype ShapeElement}"/>
<ownedAttribute xmi:id="..”xmi:type="uml:Property">

<name>Name</name>

NOTE: [By default, if no lowerValue is specified, that the attribute is mandatory (l/b‘

<redefinedProperty ... xmi:idref="{id of the property of the supr\&}ype that is
redeflned}}"/>

o
</ownedAttribute> (\
Y

o)
N
S

SCH: O<\“

<sch:fule context="//ShapeElement [Quid and substring-after (@x&@zpe, ':")="Datum']/Name"
<gch:let name="uid" value="../Quid"/> @)
<gch:assert test="CharacterString/text ()"> Q

(Datum : <sch:value-of select="$uid"/>) The DKLQm.Name is mandatory.
<[sch:assert> 5\0‘\

</sch{rule> o)

— Type: $\'

’\@

SysML OA\
Class |<<Block>> named “DirectedOrOr'@kedToleranceZone” that has redefined the type of the
attripute named “InZone” from its@ ertype named “ToleranceZone”

-

ol

CXMT : O

<packggedElement xmi }@". .. oxmistype="uml:Class">

<name Q DirectedOrOrientedToleranceZone</name>

<g Qﬁlization xmi:id="... xmi:type="uml:Generalization">
&eneral ... xmi:idref="{id of the supertype ToleranceZone}"/>

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

y
\s
2

m

rerme>4 - Freft

<type xmi:idref="{id of the new type: DirectedOrOrientedGeometricToleranceSele
ct}"/>

<redefinedProperty ... xmi:idref="{id of the property of the supertype that is
redefined}}"/>

</ownedAttribute>
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SCH:
<sch:rule context="//ShapeElement[Quid and substring-after (@xsi:type,':")="

DirectedOrOrientedToleranceZone '] /ZoneFor/*">

<sch:let name="uid" value="../../@uid"/>

<sch:let name="uidRef" value="./QuidRef"/>

<sch:assert

test="//GeometricDimension[Quid = $//GeometricDimension[Quid = SuidRef and

contains (' DimensionalSize AngularSize CurvedSize DiameterSize ... and contains('
Strai(-kfm To VRSN " PR N "’V“:v‘\g o (02 I p ’l.l\\] = Il £=1 e Taol RSN [Qw{ﬁ] —
SuidR¢f and contains (' SymmetryTolerance ',substring-after (@xsi:type,':'))]">

(DirectedToleranceZone : <sch:value-of select="$uid"/>) The
DirectedToleranceZone.ZoneFor contains a bad reference (<sch:value-of select="SuLdRef"/>)
must Ppe an element of DirectedOrOrientedGeometricToleranceSelect.

<[sch:assert>

</sch:rule>

— Redefined redefinition: the Schematron creation follows the same pattern.

— Any of the above in combination: the Schematron creation follows the'same pattern.

6.6 (onstraint as formal proposition

Constrpints in the SysML model are used to define constraintssnamed Formal Propositions (Unique Rules or
Where[Rules). The SysML model contains both the OCL and'schematron description and specification|

A Schematron rule shall be created for each Formal Preposition in the SysML model. The SysML confstraint
commgnt shall be used in the error message of the schematron rule.

SysML

<< copstraint>> with schematron rule %h.a comment

CXMTI:
<packagedElement xmi:id="{timl” id of the Block}” xmi:uuid="{}" xmi:type="uml:Class">
<¢wnedRule xmi:id="{uml id of the rule}” xmi:uuid="{}" xmi:type="uml:Constraint">
<ownedComment xmi:id="{}"” xmi:uuid="{}" xmi:type="uml:Comment">
<annotatedElement xmi:idref="{uml id of the rule}"/>
<bedy>either Quantity or Criterion or both shall be defined</body>
</ownedGomment>
<own&d€omment xmi:id="{}"” xmi:uuid="{}" xmi:type="uml:Comment">

<ownedComment xmi:id="{}" xmi:uuid="{}" xmi:type="uml:Comment">

<body>&lt;sch:rule context="//Occurrence[substring-after (@xsi:type,|':"')=
'QuantifiedOccurrence']"&gt; &lt;sch:let name="uid" value="Quid"/&gt; &lt;sch:assert
test="Quantity or Criterion"&gt; QuantifiedOccurrence WR1l Error on entity &lt;sch:value-

of select="$uid"/&gt;: either Quantity or Criterion or both shall be defined. &lt;/
sch:asserté&gt; &lt;/sch:rule&gt;</body>

</ownedComment>
<body>Schematron</body>
</ownedComment>
<name>WR1</name>
<constrainedElement xmi:idref="{uml id of the Block}”/>

<specification xmi:id="{}"” xmi:uuid="{}" xmi:type="uml:OpaqueExpression">
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<body>not (self.Quantity.oclIsUndefined()) or not(self.Criterion.
oclIsUndefined())</body>

<language>0OCL2.0</language>

</specification>

</ownedRule>

SCH:

<sch:pattern id="QuantifiedOccurrence WR1">
<¢ch:rule context="//Occurrence[substring-after (@xsi:type,':"')= 'QuantifiedQetufrence']">
<sch:let name="uid" value="Q@uid"/>

<sch:assert test="Quantity or Criterion"> QuantifiedOccurrence WR1l Egxor on entit]
<sch:Value-of select="Suid"/>: either Quantity or Criterion or both shall ‘Be“defined. </
sch:agsert>

=

<[sch:rule>

</sch{pattern>

EXAMPLE The following shows a fragment of XML where the QuantifiedOccurrence “_221005” is c¢rrectly
specifigd with a Quantity defined and "221005b” is incorrect without the defihition of the Quantity.

XML ffagment:

<Occufrence xsi:type="n0:QuantifiedOccurrence” uid={,%21005">

<Quantity xsi:type="n0:NumericalValue” uid="2221007">

<[Quantity>

</Occlrrence>

<Occufrence xsi:type="n0:Quantifi¢dQccurrence” uid=" 221005b”>

.no quantity defined ..,

</Occlrrence>

Report fragment:

=

Error|description: QuantifiedOccurrence WR1 Error on entitiy 221005b: Either Quantity o
Critetion ox=both shall be defined.

6.7 ExternalRefBaseObject

The ExternalRefBaseObject is described in 4.6. ExternalRefBaseObject may be used in any external
reference relationships in STEP XML data. If it is used, the typeRef XML attribute specifies the entity name
of the externally referenced object. This entity shall be the name of one of the allowed ComplexTypes that is
externally referenced. Therefor a Schematron rule shall be created for each reference relationship.

ExternalRefBaseObject is a pure XML mechanism object and does not appear in SysML or XMI.

The Schematron exact below is the type of rule that shall be created:
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SCH:

<sch:rule context="//Organization[@uid and substring-after (@xsi:type,':"')='TeamTEST']/
ModifiedBy">

<sch:let name="uid" value="../@uid"/>
<sch:let name="uidRef" value="./QuidRef"/>

<sch:assert

test="//ExternalRefBaseObject[@uid = $uidRef and @typeRef = 'Organization'] or //
ExternalRefBaseObject[Quid = $uidRef and QtypeRef = 'Person'] or //Organization[@Quid =
SuidRef] or //Person[Q@uid = SuidRef]">
\’T’ mmr'('m = In:f Lz £ 1 4-_"’T|q~fr<7" ) Th lral mmr'('m.r\/r i £ rJD} e FEE

referg¢nce (<sch:value-of select="SuidRef"/>) must be an element of ActorItem.
</sch:assert>

</sch{rule>
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Annex A
(normative)

Information object registration

To provide for unambiguous identification of an information object in an open system, the object identifier

1a

is assig
ISO 10

ned to this document. The meaning of this value is defined in ISO/IEC 8824-1,[1] and is descr|

803-1.

{isostamdard 10303 parttt5)versiont 23}

ibed in
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Annex B
(informative)

SysML XMI to XSD transformation — Illustrative diagrams and files

Figure B.1, Figure B.2, Figure B.3, and Figure B.4 show a SysML model that illustrates some of the features
describing the transformation defined in this document.

NOTE The model is not an extract of an ISO 10303 part model and included only for illustrative purposes:

«Auxiliary» «block»
Actorltem TeamTEST
‘r values

StringArrayTest : String [1..‘6‘5

o

— N
Person Organization . O.)
walings Person InOrganization constraints s\\ InOrganization
LastName : String | 0. Py | (gt @) =
FirstName : String {readOnl Q B
& e

!

«%r hment»
Appl'a@ protocols::AP243::

D in_model::BaseObject::
*énectWithPropertyValues
N\ parts
&operties : PropertyValue [0..*]

Figure B.1 — Illustration of <<Enrichment>>, constraints, readOnly attribute, and Select Datg Type
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