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Foreword

ISO (the

International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through

ISO technical committees. Each member body interested in a subject for which a technical

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

electrotechnical standardization

The prdcedures used to develop this document and those intended for its further maintenance|at
describg¢d in the [SO/IEC Directives, Part 1. In particular, the different approval criteria neededfor th
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types of ISO documents should be noted. This document was drafted in accordance\with th
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

-

n is drawn to the possibility that some of the elements of this document may. be the subject d
ights. ISO shall not be held responsible for identifying any or all such patentrights. Details d
nt rights identified during the development of the document will be in theyIntroduction and/ofr
b0 list of patent declarations received (see www.iso.org/patents).

—.
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le name used in this document is information given for the convenience of users and does ng
te an endorsement.

explanation of the voluntary nature of standards, the dnieaning of ISO specific terms an
ons related to conformity assessment, as well as. information about ISO's adherence ft
Fld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), se
p.org/iso/foreword.html.
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A list of

Any feedlback or questions on this document should be directed to the user’s national standards body:. /
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fument was prepared by Technical CommitteeISO/TC 184, Automation systems and
on, Subcommittee SC 4, Industrial data.

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

-

e listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The ISO 10303 series of international standards describe the computer-interpretable representation of
product information in 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.

The EXPRESS language and the EXPRESS-G diagrams are specified in ISO 10303-11. It is used to specify

the information requirements of other parts of the ISO 10303 series.

This document is a member of the description methods series. This document specifies;ayma
EXPRESS to SysML CXMI. This document supports the STEP Extended Architecturel2JEA0I[L1],

'he Object Management Group (OMG) has standardized the XML Metadata Intefchange spec

hetamodel of the SysML.

This document specifies a description method of thé€ 'STEP parts family, which defi
transformation of a subset of EXPRESS constructs to SysVL. Because the CXMI standard spec
AML representation of SysML metamodel constructs, stanndardizing the mapping of EXPRESS co
into SysML constructs supports the representation of EXPRESS schemas as SysML models.

The specified mapping is a one-way transformation from a subset of an EXPRESS schema to

transformation of arbitrary EXPRESS schemas to SysML models.

A detailed knowledge of the of the EXPRESS and SysML languages is useful.

pping of

fication

]

(XMI), and the Canonical XML Metadata Interchange specification (CXMI) that’integrates the OMG
Jystems Modeling Language (SysML), the OMG Unified Modeling Language (UML), and the Wofgld Wide
eb Consortium (W3C) Extensible Mark-up Language (XML)[12l, SysML inherits the CXMI interchange
dapability from UML. CXMI is a mechanism for the interchange of metadata and formal djagrams
hetween UML-based modeling tools. OMG has also standardized(an CXMI compliant interchange
fprmat for the SysML thus specifying a lexical representation of SysML models based on a standardized
1

hes the
ifies the
structs

h SysML

thodel represented by an CXMI specificationz, These limitations make the mapping unsuitablg for the
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Part 17:
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ransformation

AW

Scope

'his document specifies a mapping of EXPRESS (ISO 10303-11) constructs te’ SysML constry
he purpose of representing EXPRESS schemas in SysML models. The specified mapping is a
ransformation from an EXPRESS schema to a SysML information modek

'he following are within the scope of this document:

the specification of the transformation of EXPRESS construets to SysML constructs repres
CXMI;

the specification of the transformation of EXPRESS.UNIQUE rules to SysML constructs repj
in CXMI;

ucts for
bne-way

Pnted in

esented

the specification of the transformation of derived attributes to implement renaming t¢ SysML

constructs represented in CXMI.

[he following are outside the scope of this.doCument:

the transformation of EXPRESS elements into SysML metamodel constructs that are not us
STEP Extended Architecturel2}X0Jt11];

transformation of EXPRESS FUNCTIONS;
transformation of EXRRESS-G to SysML diagrams;
tools, codes, and scripts to transform an EXPRESS schema to SysML CXMI;

transformation of EXPRESS interface specification;

bd in the

SysML cofistraints transformation from EXPRESS DERIVE attributes, except the ones yised for

renanting;

SysML constraints transformation from EXPRESS SUPERTYPE expressions;

SvsML constraints transformation from EXPRESS GLOBAL rules:

NOTE

SysML constraints transformation from EXPRESS WHERE rules.

EXPRESS DERIVE attributes, EXPRESS SUPERTYPE expressions, EXPRESS GLOBAL rules and

EXPRESS WHERE rules are transformed into OCLI2] specifications. OCL specifications are integrated in the
SysML model based on a separate process.

2 Normative references

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.

© IS0 2022 - All rights reserved

1


https://standardsiso.com/api/?name=b2cd82cd0d1d580593d8acd1eafe3a17

ISO/TS 10303-17:2022(E)

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

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

ISO/IEC 19509:2014, Information technology — Object Management Group XML Metadata Interchange
(XMI)

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

3 Tenms, definitions and abbreviated terms
For the purposes of this document, the following terms and definitions apply.
[SO and|I[EC 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 Terms related to generic concepts

3.1.1
EXPRESS

data spgcification language that consists of language elements that allow an unambiguous dat
definitign and specification of constraints on the data defined

-

Note 1 td entry: The elements of the EXPRESS language arespecified in ISO 10303-11.

3.1.2
data
represeftation of information in a formal manner suitable for communication, interpretation, or
process|ng by human beings or computers

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

3.1.3
data model
descripfion of the organizdtion of data in the management information system of an enterprise

[SOURCE: ISO/IEC 2382:2015, 2121422, modified — Notes 1 and 2 to entry were removed.]

3.1.4
inform£ion
facts, concepts;-or instructions

[SOURC E- S0 10303 1-7{\')1’ 31 A.1]

3.1.5
resulting CXMI
CXMI based on the transformation specification

3.1.6
information model
conceptual model of product data

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

2 © IS0 2022 - All rights reserved
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Note 2 to entry: In ISO 10303 information models may be developed using EXPRESS modeling language.

EXAMPLE Application Resource Model for ISO 10303-242 Managed model-based 3D engineering.

[SOURCE: ISO 10303-1:2021, 3.1.42 modified to detail the example]

3.2 Terms related to EXPRESS constructs

3.2.1
data type

EXPRESS> domain of values

A

[SOURCE: ISO 10303-11:2004, 3.3.5]

3.2.2
defined data type
domain of values declared by the user with an identifier

3.2.3
gntity
dlass of information defined by common properties

[SOURCE: ISO 10303-11:2004, 3.3.6]

3.2.4
gntity data type
representation of an entity

[SOURCE: ISO 10303-11:2004, 3.3.7, modified — Thersecond sentence was removed.]

3.25
gntity (data type) instance
yalue of a class of information defined by .common properties

3.2.6
¢numeration data type
data type that has as its domain a-set of names

2.7

ggregation data type

ata type that has as(its domain collections of values of a given base data type, e.g. array, list,
et

L o 0

3.2.8
instance
named value

[SOURECE: ISO 10303-11:2004, 3.3.10]

2 220

bag, and

S oy — g

named data type

data type that may be declared in a formal specification, e.g. entity data type (3.2.4) and defined data

type (3.2.2)

3.2.10
interface specification

construct which enables an item declared in one schema to be visible in another. e.g. USE and

REFERENCE

3.2.11
select data type
data type that enables a choice among several named data types

© IS0 2022 - All rights reserved
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3.2.12

simple data type

data type that defines the domains of the atomic data units, e.g. number, real, integer, string, Boolean,
logical, and binary

3.2.13
value
unit of data

[SOURCE: ISO 10303-11:2004, 3.3.22]

3.2.14
global rjule
restrictjon or implicit constraint that applies to one or more entities within the scope of a schéma

3.2.15
local rule
assertion on the domain of every entity instance (3.2.5)

3.2.16
uniqueness rule
constralnt assertions on the domain of an entity attribute or a combination of entity attributes foJr
which their instances (3.2.8) must not be equal to every instance of the entity (3.2.3)

3.2.17
where rule
restrictlon constraint assertions on the domain of one or multiple entities and of one or a combinatiop
of these|entities’ attributes for every instance (3.2.8) of the entity (3.2.3)

3.3 Terms related to SysML constructs

3.3.1
Canoni¢al XMI

specific| constrained format of XMI that'minimizes variability and provides more predictabl
identifidation and ordering

D

Note 1 td entry: A Canonical XMI file is itself a valid XMI file.
Note 2 td entry: The full definition(is,provided in ISO/IEC 19509:2014, Annex B.

3.3.2
association
classifidation of a set of tuiples representing links between typed model elements

Note 1 td entry: The fall definition is provided in ISO/IEC 19505-1:2012,11.5.
3.3.3

auxiliary
stereotype-{3.3.12) applied to an abstract block (3.3.4) that has no properties

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

3.34

block

modular construct used for defining an entity (3.2.3)

Note 1 to entry: Used for defining Application activity model concepts, Application Data Planning objects,
Application Domain Model Business Objects, Core model objects and ARM in SysML Entities. They may include
reference properties, part properties, value properties, and constraints. They may be specializations of other
blocks.

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

4 © IS0 2022 - All rights reserved
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3.3.5
composite aggregation
responsibility for the existence of composed object

Note 1 to entry: If a composite object is deleted, all of its part instances (3.2.8) that are objects are delete
Note 2 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 11.4.1.

3.3.6
directed association

022(E)

d with it.

ssociation (3.3.2Z) between a collection of source model elements and a collection of targe
lements that is said to be directed from the source elements to the target elements

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

3.7
numeration
alue type (3.3.16) whose values are enumerated

ote 1 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 10.2.3¢3-

.3.8
numeration literal
amed value for an enumeration (3.3.7)

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

SysML> type whose instances (3.2.8) are identifiéd only by their value
ote 1 to entry: The full definition is provided indSO/IEC 19505-1:2012, 10.2.3.1.

.3.10
eneralization
irected relationship between a more’'general supertype and a more specific subtype

ote 1 to entry: Each Generalization relates a specific Classifier to a more general Classifier. Given a (
the transitive closure of its géneral Classifiers is often called its generalizations, and the transitive c
its specific Classifiers is called/its specializations. The immediate generalizations are also called the CI
btype, and where the Classifier is a Class, its supertype.

ote 2 to entry: The«ull definition is provided in ISO/IEC 19505-1:2012, C.1.1.

redefingd data type without any substructure

otedl to entry: The full definition is provided in ISO/IEC 19505-1:2012, Clause 21.

12

t model

lassifier,
osure of
hssifier’s

2
[ rye rp w =

stereotype

limited kind of metaclass that cannot be used by itself, but which must always be used in conjunction

with one of the metaclasses it extends

Note 1 to entry: The full definition is provided in ISO/IEC 19505-1:2012, 8.3.2.3 paragraph 6.

© IS0 2022 - All rights reserved
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3.3.13

part property

property that specifies a part with strong ownership and coincidental lifetime of its containing block
(3.3.4)

Note 1 to entry: It describes a local usage or a role of the typing Block in the context of the containing Block.
Every Part Property has composite aggregation (3.3.5) and is typed by a Block.

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

3.3.14nlc
referenice property
property that specifies a reference of its containing block (3.3.4) to another block

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

3.3.15
value property
property of a block (3.3.4) that is typed with a value type (3.3.16) stereotype (3.3.12)

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

3.3.16
value type

stereotype (3.3.12) of UML Data Type that is used to define types of ¥alues that may be used to expres
informaltion but cannot be identified as the target of any referenge

vi

Note 1 td entry: The full definition is provided in OMG Systems Medeling Language [©], 8.3.2.14.

3.4 Abpbreviated terms

CXMI Canonical XMI

ID [Dentifier

OCL Object Constraint Language

OMG Object Management Group

STEP STandard for the Exchange of Product model data
SysML | Systems Modeling’Language

UML Unified Modeling Language

UuID Univefsal Unique Identifier

XMI XML Meta-data Interchange

XML eXtensible Markup Language

4 EXPRESS to SysML CXMI

4.1 General

This clause describes the concepts and rules for the transformation mapping from an EXPRESS schema
to a SysML model, which is physically stored in a CXMI file.

6 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=b2cd82cd0d1d580593d8acd1eafe3a17

ISO/TS 10303-17:2022(E)

This document shall use the language construct specifications defined in ISO 10303-11, ISO/IEC 19505-1,
ISO/IEC 19514 and ISO/IEC 19500.

NOTE The mapping clauses are sequentially structured to build increasingly complex transformation
definitions.

This document shall be unambiguously identified in an open information system by the code defined in
Annex A.

EXPRESS constructs and the equivalent SysML constructs are presented in a summarized table in
Jnnex B.

4.2 Presentation conventions

Hor ease of identification, the fragments of EXPRESS, CXMI, and SysML are presented in separafe boxes.

HBXAMPLE1  EXPRESS, CXMI, and SysML representations presented in separate boxées,

FXPRESS:

CXMI :

BysML:

The items significant to support the explanations are formatted using text effects to aid ident|fication
df the equivalent items in the EXPRESS, CXMI, and SysML fragments. When there is more than one
dignificant item, different text effeécts are used for the different items. The following text effects are
ysed:

-+ Bold;

-+ Underline,

+— Mixed effeets.

«\(»

riple dots (%..") are used to hide content not relevant to a fragment. Curly brackets “{xxx}"” arg used to
dontain descriptive words of the content in the resulting CXMI.

]

HXAMRLE 2  Usage of Bold and Underline text effects to ease the identification of the significant|items in
BXPRESS, CXM]I, and SysML fragments, and the usage of triple dots “...” and curly brackets “{umlid}”.

EXPRESS:

ENTITY StepEntityName;

CXMI:

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

©1S0 2022 - All rights reserved 7
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<name>StepEntityName</name>

SysML:

Class <<Block>> named StepEntityName

4.3 CJ)mmon mapping conventions

4.3.1
All the

referen

[Reference to external files

references in the SysML CXMI fragments are given as xmi:idref which assumes that th

CXMI file the href is used instead. This will be the case for all reference to primitives’and may be cas

ed element is contained in the same CXMI file. When the referenced element’s in a different

h

h

for othef references.
type hrkf shall specify a relative reference to element:
CXMTI:
<ownedAttribute xmi:id="{...}" xmi:uuid="{...}" xmi:type="uwl:Property">

<nane>Text</name>

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

ther tags...

</ownedAttribute>
general| href shall specify relative reference toelement in another CXMI file:
CXMTI:
<packagedElement xmi:id="{...}" xmi;duid="{...}" xmi:type="uml:Class">

<namg>DateTimeAssignment</naméx

<gengralization xmi:id="{.. K™ xmi:uuid="{...}" xmi:type="uml:Generalization">

<¢general href="../../Cerk model/RequirementManagement/RequirementManagement.xmi# 18 |

4 1 8e(0led 1504250730055 679435 26318"/>

</gegperalization>

...¢ther tags...
</packdgedElement{>
4.3.2 [Treatment of Xmi:id, xmi:uuid, and UUID
A CXMI [fileyuses xmi:id value to make references between all kinds of element. An xmi:id may be in ah

xmi:idreéfattribute

Xmi:uuid (UUIDI3]), is not relevant to be included in the mapping transformations. After the first
mapping clause, this attribute will be omitted.

4.3.3 Assumed sysml:Block in fragments

For all the fragments that refer to Block, the following shows how a block is defined in the Canonical
XMI. This is not repeated in the remaining examples, where only xmi : type="um1 :c1ass” is included and
the sysml:Blockis assumed:

[sysmL:

© IS0 2022 - All rights reserved
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Class <<Block>>

CXMI:

n

<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>

4.3.4 Containment and reference relationships

The EXPRESS language (ISO 10303-11) does not distinguish betweén. Teference relationsh
dontainment relationships. SysML and XSD support both types of reldtionship.

A reference relationship is a directed association attribute between'two entities. A referenced ¢
dn attribute is an entity that may be referenced multiple times, and which exists standalone. B
gbject entities are always referenced, never contained.

A containment relationship is a directed aggregationattribute between two entities. A cd
gntity is an entity that is owned by the entity that défines the containment relationship attrib
dontained entity does not exist if the containing-entity does not exist. A simple type is ned
dontained.

4.3.5 Used stereotypes to represent EXPRESS concepts
Two existing UML stereotypes are used to represent specific STEP concepts:

4<Auxiliary>> stereotypes represent select data objects. Select data objects are represented as
Blocks in SysML.

4<Type>> stereotypes represent two specific types of Blocks:

— blocks that represent list of lists;

— block that represents Value Type in order to be able to include them as member in selects.

4.3.6 Select type and supertype

In STEP-concepts, select types are not defined as entities but as types and are therefore not deg

ips and

ntity by
ase root

ntained
ute. The
essarily

hbstract

fined as
es using

qupertypes of an entity. In SysML an entity identifies the supertype entities and select data typ

4.4 Mapping of a schema

types.

The schema declaration shall be transformed to a sysML package that includes the STEP data model.

EXPRESS:

SCHEMA STEP_AP242_Domain_model;

© IS0 2022 - All rights reserved
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CXMI:

<uml :Package xmi:type="uml:Package" xmi:id="...">

<name>STEP AP242 Domain model</name>

<packagedElement
SysML:
Packagg that includes directly the STEP data model represented in SysML model A('L
4
4.5 Mapping of entities ,\q/
N
= = ,
4.5.1 |General mapping of an entity "bQ(b
Each EXIPRESS entity shall be transformed to a SysML block with the same name. r\Q
S
EXPRES Oﬂ\
ENTITY StepEntityName; g\\%
N /I O
O
L
CXMT : 5\\)
%
N
<packagedElement xmi:type='uml:Class' xmi:id= $m id} ' xmi:uuid='...'>
<narje>StepEntityName</name> A’\Q)
LN
<
N
SysML: N
Class {4<Block>> A@
)
4.5.2 |Mapping of abstrac@u ertype
An abstract EXPRESS er@%hall be transformed to a SysML abstract block.
QO

EXPRES VQQ’

ENTITY |Step @tyName

ABSTRZ c%‘ 'BjriERTYPE;

CXMI:

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

<name>StepEntityName</name>

<isAbstract>true</isAbstract>

10
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SysML:

Class <<Block>> with abstract parameter set as true

4.5.3 Mapping of entity with one supertype

An entity with one supertype shall be transformed to a SysML block that is a specialization of the
supertype block.

EXPRESS:

ENTITY SubtypeEntity
SUBTYPE OF (NameOfSupertypeEntity);

CXMT :
packagedElement xmi:type='uml:Class' xmi:id="'{umlid}'>
<name>SubtypeEntity</name>
<generalization xmi:id=".." xmi:uuid="..." xmi:typésZuml:Generalization">
<general xmi:idref="{xmi:id of the Supgrtype}"/>

</generalization>

BysML:

Class <<Block>> with general parameter including the name of the supertype block. The
Eupertyping is, formally, represented asva generalization relationship from the suldtype
block to the supertype block.

N

..5.4 Mapping of entity with multiple supertypes

An entity with multiple supertypesshall be transformed to a SysML block having multiple inhefitances,
which means that this block is the specialization of more than one block that is not an <<Auxiliary>>
block. The following rulesvare applied, where Entityx has multiple inheritance of Entifya and
q
q

ntityB: an EXPRESS entity/with multiple supertypes shall be transformed to a SysML block fhat is a
pecialization of each supertype.

FXPRESS:

ENTITY EntityX
SUBTYPE OF (EntityA, EntityB);

CXMT:
<packagedElement xmi:type='uml:Class' xmi:id='{umlid}' xmi:uuid='...'>
<name> EntityX </name>
<generalization xmi:id=".." xmi:uuid="..." xmi:type="uml:Generalization">
<general xmi:idref="="{xmi:id of the EntityA }"/>
</generalization>
<generalization xmi:id=".." xmi:uuid="..." xmi:type="uml:Generalization">

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

</generalization>

©1S0 2022 - All rights reserved 11
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<packagedElement xmi:type='uml:Class' xmi:id="'{umlid}' xmi:uuid='...'>

<name> EntityA </name>

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

<name> EntityB </name>

SysML:

Class 4<Block>> with general parameter including the names of the supertype blocks. The
supertyping is, formally, represented as a generalization relationship from theée!subtype
block fo the multiple supertype blocks.

4.5.5 |Constraints between subtypes

The tramsformation is not defined in this document.
4.5.6 |Mapping of entity attribute

4.5.6.1 | General

Attributles of an entity are represented by SysML Properties.There are three types of such propertieg:
Value Pioperty, Part Property, and Reference Property:

— avdlue property is defined as any property whosg target type is stereotypes as a <<ValueType>3.
These are generated for EXPRESS attributes that’are all simple types, enumeration types and seled
typges of named simple types. Value properties-are contained in the block when instantiated;

—

— a pqrt property is defined as any property whose target type is stereotyped as a <<Block>> an
that has an aggregation of ‘composite’ . These are generated for EXPRESS attributes that are of typ
Ent|ty with a mandatory inverse attribute to the source or for nested aggregations that result in
<<Type>><<Block>> being generated. Part properties are contained in the block when instantiated;

(D

\'4

— ardference property is defined as any property whose target type is stereotyped as a <<Block>
and| that has an aggregation of ‘none’. These are generated for EXPRESS attributes of type Entit
that do not have a mandatory inverse attribute to the source or Select types of Entities. Referenc
properties are not centained in the block when instantiated.

D

1S~

For each EXPRESS-explicit attribute of an EXPRESS entity, the corresponding SysML property of
SysML Hlock declayation shall be defined.

vi

The CXNII fragment below presents the generic target declaration of properties in a block. Key element
mentiorled-above are highlighted in bold.

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

<name>Entity...</name>

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

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

</ownedAttribute>

12 © IS0 2022 - All rights reserved
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<ownedAttribute xmi:id="..." xmi:uuid="..." xmi:type="uml:Property">
<name>NameOfAnotherAttribute</name>

<aggregation>composite</aggregation>

<type xmi:idref="..."/>
<association xmi:idref="..."/>
<lowerValue xmi:id="..." xmi:type="uml:LiterallInteger"/>

”

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

022(E)

<value>*</value>
</upperValue>
</ownedAttribute>

—

Vhen the following CXMI fragment is declared in the ownedAttribute, it means the property
Rroperty. When it is omitted, it means the property is a Reference Property. In EXPRESS thg
distinction made between a Part and a Reference Property (see 4.3.4).

s a Part
re is no

CXMT :

aggregation>composite</aggregation>

4.5.6.2 Mapping of aggregate and optional attributes

Lo

detting the multiplicity different from 1.
Ih CXMI, <1owervalue> and <uppervalue> defifies the multiplicity and the optionality:
+ when <lowervalue> is not declared, it means the attribute is mandatory (its value is equal

+ when <lowervalue> is declared,without embedding a <value>, it means the attribute is
(value = 0);

+  when <uppervalue> is notdéclared, it means its value is equal to 1;
4+ <value> provides th€ multiplicity.

The following fragments specify how EXPRESS attribute multiplicity and optionality are tran
o SysML Block propeérties.

Lo S e

qysML Property with the multiplicity equal to 1:

ysML property multiplicity is the SysML parametet:that permits to define aggregate attrilputes by

Fo 1);

bptional

Eformed

\n EXPRESS attribute with no optionality nor multiplicity declared shall be transformed to a mandatory

EXPRESS®
ENTITY .7

NameUTrTheATttripute: TypeUIrITheAttribute;

CXMI:

lowerValue and upperValue are not set

SysML:
Property multiplicity is [1]

© IS0 2022 - All rights reserved
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An optional EXPRESS attribute with no multiplicity declared shall be transformed to an SysML Property
with the multiplicity equal to 0 to 1:

EXPRESS:
ENTITY ..;
NameOfTheAttribute: OPTIONAL TypeOfTheAttribute;

CXMI:

<lowerValue> set but <value> not set

<upperVYalue> is not set (as the default behaviour is 1). n(]/
g
Q-
SysML: (b,\
Property multiplicity is [0..1] A
Q~

An optignal EXPRESS attribute with aggregate with minimum value of 1 declaé?shall be transformedl
to a mamdatory SysML Property with the multiplicity equal to 1:

D
EXPRES N

: O
ENTITY |..; &

NaneOfTheAttribute: OPTIONAL SET[1:?] OF TypeOfTheA?&)ute;

N

01

N
CXMTI:
<lowerValue> set but <value> not set ,\$
<upperYalue> set and <value> set as * \\\U

xO
0‘\c)

SysML: C)\

Property multiplicity is [O..

]
o
A mandatory EXPRESS attribute with aggregate with declared multiplicity starting at 1 shall b
transfoimed to a mandatory’SysML Property with the multiplicity equal to 1 to many:

O

EXPRES : Q}/

W

ENTITY ..; ?*
Nan eOfThQ@ribute: SET[1:?] OF TypeOfTheAttribute;
?&

CXMI:

<lowerValue> set and <value> set as 1

<upperValue> set and <value> set as *

SysML:

Property multiplicity is [1..*]

14 © IS0 2022 - All rights reserved
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A mandatory EXPRESS attribute with aggregate with multiplicity declared from n to m, assuming n and

m are positive integer, shall be transformed to a mandatory SysML Property with the multiplicity equal
tontom:

EXPRESS:
ENTITY ..;

NameOfTheAttribute: SET[n:m] OF TypeOfTheAttribute;

CXMTI :

lowerValue> set and <value> set as n

upperValue> set and <value> set as m

BysML:

Property multiplicity is [n..m]

N

.5.6.3  Attribute typed as simple type

§imple type attribute shall be transformed to SysML value properties. This clause provides the fnapping
df one of simple type attribute: sTriNG. The mapping of other simple type attributes for the otHer ones.
The exhaustive list of simple types is presented in 4.7.1.

FXPRESS:
ENTITY Entityl;
Attributel: STRING;

CXMTI :

packagedElement ... xmi:types"uml:Class">
<name>Entityl</name>
<ownedAttribute xmi:ids"..." =xmi:type="uml:Property">
<name>Attributel</name>
<type xmisAdref="STRING"/>

<ass@ciation xmi:idref="{uml id of Association}'"/>

packagedElement xmi:id="STRING" xmi:uuid="..." xmi:type="uml:PrimitiveType">
<hame>String</name>

[packagedElement>

SysML:

<<Value Property>> typed PrimitiveType STRING <<ValueType>>

© IS0 2022 - All rights reserved 15
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4.5.6.4 Attribute typed as an entity

The EXPRESS element corresponding to a SysML property whose data type is a block (not Auxiliary or
Type) shall be mapped in one of following ways.

— Inthedefaultcase whenno mandatoryinverseis present, the EXPRESS attribute shall be transformed
to a SysML Reference Property:

EXPRESS:
ENTITY Entitvl:
Atffributel: Entity2;

CXMTI:
<packagedElement ... xmi:type="uml:Class">
<namg>Entityl</name>
<owng¢dAttribute xmi:id="..." =xmi:type="uml:Property">
<name>Attributel</name>
<type xmi:idref="{uml id of Entity2}"/>

<association xmi:idref="{uml id of Association}'"/>

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

<namg>Entity2</name>

<packagedElement xmi:id="..." xmi:type="uml:Association">
<memiperEnd xmi:idref="{uml id of Attributel}"/»

<memlperEnd xmi:idref="{uml id of OwnedEnd}" />

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

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

<lgwerValue xmi:id="..." xmi:types"uml:LiteralInteger"/>

”

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

value>*</value>

</Uyppervalue>

</ownedEnd>

SysML:
<<Refepence ProOperty>> typed as Entity2 <<Block>>

— In thecase-a-mandatorys inuvarsa daclaratiaon aftho attributo ic nracant thic EYPRDECC ~t++ribhiito cho l
Fe-caSea-ahRad o el Se-aeciai o6t et HteI S P Se i+ +roo—atHBHEe-SHd

.... Y P T rtTx

be transformed to a SysML Part Property:

EXPRESS:
ENTITY Entityl;

Attributel: EntityWithInverse;
END ENTITY;

ENTITY EntityWithInverse;
INVERSE

El : Entityl FOR Attributel;
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END ENTITY; |

CXMT:

<packagedElement ... xmi:type="uml:Class">
<name>Entityl</name>
<ownedAttribute xmi:id="..." =xmi:type="uml:Property">

<name>Attributel</name>

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

<association xmi:idref="{uml id of Association}"/>

packagedElement ... xmi:type="uml:Class">
<name>EntityWithInverse</name>
<ownedAttribute xmi:id="..." =xmi:type="uml:Property">
<name>El</name>
<isReadOnly>true</isReadOnly>
<type xmi:idref="{uml id of Entity2}"/>

<association xmi:idref="{uml id of Association} !>

packagedElement xmi:id="..." =xmi:type="uml:Association">
<memberEnd xmi:idref="{uml id of Attributel}"/>
<memberEnd xmi:idref="{uml id of E1}"/>

BysML:

<Part Property>> typed as EntityWithInverse <<Block>>

4.5.6.5 Attribute typed as select

Ih SysML, a Select type is a SysML Abstract Auxiliary block. An EXPRESS select type attribute|shall be
ransformed to a SysML Part or' Reference Property that is the select type.

ot

FXPRESS:
ENTITY Entityl;

Attributel: name_of the typing Select express type;

CXMT ¢
packagedElement ... xmi:type="uml:Class">

<hame>Entityl</name>

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

<name>Attributel</name>

<type xmi:idref="{uml id of the typing Select Block}"/>

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

SysML:
<<Reference or Part Property>> typed as a select Class <<Block>> <<Auxiliary>>

©1S0 2022 - All rights reserved 17
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4.5.6.6 Attribute typed as enumeration type

An EXPRESS enumeration type attribute shall be mapped to a SysML Enumeration Value Property.

EXPRESS:

TYPE NameOfTheEnumeration = ENUMERATION OF (an enumeration string, another enumeration
string);

END TYPE;

ENTITY Entityl;
Attfibutel: NameOfTheEnumeration;

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

<namg>Entityl</name>

<owngdAttribute xmi:id="..." =xmi:type="uml:Property">
<name>Attributel</name>
<type xmi:idref="{uml id of the typing Enumeration Blod&k}"/>

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

<packdgedElement xmi:id="="{uml id of the typing Enumeration Block "
xmi:tyge="uml:Enumeration">

<name>NameOfTheEnumeration</name>

<ownedLiteral xmi:id="..." xmi:type="uml:E0UmerationLiteral">
<name>an enumeration string</name>

</ownedLiteral>

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

<name>another enumeration string</name>

SysML:

<<Valug Property>> typed as “@n Enumeration <<Value Property>> with EnumerationLiterals,
which g¢numerates the strings

4.5.6.7 | Derived attribtites

The trapsformatien’is not defined in this document unless the derivation is purely to define a renameg
attributg.

Renamihg-derivations are identified by an EXPRESS expression that just contains a simple factor df
the form “SELE\Entity atrribure” with no operators hping present If such a derived attribute ik
found, then a corresponding property named as the derived attribute shall be in the SysML with an
appropriate Redefined Property attribute set to the original property.

4.5.6.8 Inverse attributes

The EXPRESS inverse attributes shall be transformed a sysML readonly property without stereotype.
The association between the two blocks will not contain an ownedend since both properties are owned by
their respective blocks. In the case where the EXPRESS inverse is constrained to be a single mandatory
attribute, then the explicit attribute shall be transformed to a part property in SysML (see 4.5.6.4).
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4.5.7 Local rules

4.5.7.1 Where rules

The transformation is not defined in this document.

4.5.7.2 Uniqueness rules

EXPRESS Uniqueness rules shall be transformed into corresponding OCL population constraints.

FXPRESS :
ENTITY EntityX
attr: STRING;

UNIQUE
UR1l: attr;
CXMT :
ownedRule xmi:type="uml:Constraint" xmi:id="..." xmi:uu%d="..." name="UR1">

<constrainedElement xmi:idref=" {uml id of EntityX}/ '/~

<specification xmi:type="uml:OpaqueExpression" xmi:id="..." xmi:uuid="...">
<body>EntityX::allInstances () -&gt;isUniqueyattr)</body>

<language>0CL2.0</language>

By sML:

EysML Constraint declared in the Class <<Block>> specifying an OCL uniqueness popul

htion

fonstraint of the a property.

If a joint uniqueness rule donsisting of more than one attribute is encountered, then the corres
(OCL isunique clause shallLtontain an OCL Sequence of the attributes.

isUnique clause contains an OCL Sequence of the attributes:

ponding

BXAMPLE Joint.tutiqueness rule consisting of two attributes is encountered then the correspondling OCL

CXMTI :
i sUniqué\(Sequence {attribl, attrib2})

4.6" “Mapping of global rules

The transformations of EXPRESS SUPERTYPE expressions and EXPRESS GLOBAL are not defined in

this document.

EXAMPLE EXPRESS DERIVE attributes, EXPRESS SUPERTYPE expressions, EXPRESS GLOBAL rules and
EXPRESS WHER rules may be integrated in the resulting CXMI of the SysML model based on the transformation

from EXPRESS rules to OCL constraints, by using a separate process based on a look-up table.

© IS0 2022 - All rights reserved
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4.7 Mapping of type

4.7.1 Mapping of simple type

In order to follow the semantics of EXPRESS and to enable EXPRESS from and to SysML mappings, it is
necessary to use STEP own simple types, also named primitive types.

EXAMPLE 1  NUMBER is a generalization of REAL, that is a generalization of INTEGER. The UML and SysML types
do not have this relationship between the primitive types.

EXPRESS sTr1NG shall be transformed to SysML string value type:

v
X

EXPRES$: (l/
STRING ,\/\ :
-
oy
ade)

CXMT : NG

<pdckagedElement xmi:id="STRING" xmi:uuid="..." xmi:type="uml: Pr@i veType">

name>String</name> O\
</gackagedElement> \%

LY
o
X

SysML: Q\/
N

PrimitiveType STRING <<ValueType>>

be
%
N\
EXPRESS numMBER shall be transformed to SysML num@r value type:
R
EXPRESS: -
xO
NUNBER \{‘
v
CXMT :
<pdckagedElement xmi: id—C')@MBER" xmi:uuid="..." xmi:type="uml:PrimitiveType">
name>Number</name>~, .
isAbstract>true<@bstract>
</{ ackagedElemeB\@
>
o\
SysML: \4

Prij i‘r&?ﬁype NUMBER <<ValueType>>

©

EXPRESS rear shall be transformed to SysML real value type:

EXPRESS:
REAL

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

<name>Real</name>
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<generalization xmi:id=" generalization-REAL NUMBER" xmi:uuid="..."
xmi:type="uml:Generalization">

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

</packagedElement>

SysML:

Primitivelype REAL aluelype

HEXPRESS 1nTEGER shall be transformed to SysML integer value type: ,<\ :

S
FXPRESS:
$e)

INTEGER

CXMT :
<packagedElement xmi:id="INTEGER" xmi:uuid="..." xmi§$§pe="uml:PrimitiveType">
<name>Integer</name>

<generalization xmi:id=" generalization-INTE ‘<%EAL" xmi:uuid="..."
kmi:type="uml:Generalization">

<general xmi:idref="REAL"/> 5\\§\
</generalization>
</packagedElement> §$>
¥
By sML : \U

PrimitiveType INTEGER <<YQ€§€Type>>
oY
HXPRESS r.ocTcar shall be(ﬁsformed to SysML logical value type:

(@)
EXPRESS : :
LOGICAL ”\%O
S
S
=

CXMT : Q‘(

-

agedElement xmi:id="LOGICAL" xmi:uuid="...." xmi:type="uml:Enumeration">

é E<name>Logical</name>

ownedliteral xmi:id="UNKNOWN" xmi:uuid="" " oxmitvpe="uml :FEnumerationlLiterdI">

<name>Unknown</name>

</ownedLiteral>

</packagedElement>

SysML:

PrimitiveType LOGICAL <<ValueType>>

EXPRESS BooreaN shall be transformed to SysML Boolean value type:
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EXPRESS:
BOOLEAN

CXMI:
<packagedElement xmi:id="BOOLEAN" xmi:uuid="..." xmi:type="uml:Enumeration">
<name>Boolean</name>

<generalization xmi:id=" generalization-BOOLEAN-LOGICAL" xmi:uuid="..."
xmi:tygfe=ruml:Generalizationn

<general xmi:idref="LOGICAL"/>

/generalization>

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

/ownedLiteral>

ownedLiteral xmi:id="FALSE" xmi:uuid="..." xmi:type="uml:EnumerationlLiteral™>
<name>False</name>

/ownedLiteral>

</wackagedElement>

</um]:Package>

SysML:

PyimitiveType BOOLEAN from specialized LOGICAL KxXValueType>>

For each of the defined um1:Enumeration and uml :P&imitiveType, a corresponding sysml:valueType i
defined

vi

EXAMPLE 2  Declaration of the BOOLEAN SysMllvalue type:

CXMTI:
<sysmql:ValueType xmi:id="BOOLEAN VT" xmi:uuid="...">
<bgdse DataType xmi:idref="BOOLEAN"/>

</sygml:ValueType>

Binary §imple type isyiot mapped as it is not used.
4.7.2 |Mappingef aggregation types

4.7.2.1 | (General

There are four types of aggregations defined by STEP EXPRESS concepts:
— Bag;

— Set;

— List;

— Array.

SysML CXMI supports Bag, set and List. Array is not fully supported by the mapping specifications
in this version of this document. Consequently, the indexing concept of an array is not mapped, and an
EXPRESS array attribute shall be transformed to a SysML list of unique property.
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In CXMI, the combination of isOrdered and isUnique parameters are used to define four types of

aggregations:

— Not ordered + not unique = Bag;

— Notordered + is unique = set;

— Isordered + is unique = List of unique;

— Isordered + not unique = List.

i{sorderedis default false if omitted and isunique is default true if omitted:

CXMTI :

isOrdered>true</isOrdered>

isUnique>false</isUnique>

The fully subclauses specify the mapping of one-dimension aggregation types. Higher di
ggregation types are documented in 4.7.3.

Q)

Multiplicity mappings for EXPRESS attributes are specified in 4.5.6.2"

4.7.2.2 Set mapping

o

An EXPRESS Set attribute shall be transformed to an SySML block property with parameters ig
det as false and isUnique set as true.

mension

Ordered

FXPRESS :
FNTITY NameSet;
members: SET[2:?] OF NameOfEntity+

CXMT :
packagedElement xmi:id”)” xmi:type="uml:Class">
<name>NameSet</name>
<ownedAttseibute xmi:id="..." xmi:type="uml:Property">
<name>mémbers</name>
<isOrdéred>false</isOrdered>
<isUnlque>true</isUnique>
Jtype xmi:idref="{umlid of the NameOfEntity}"/>
<lowerValue xmi:id="..." xmi:ty”e="uml:LiteralInteger">

<value>2</value>

1 3
T—OwWeTtvoaTt

<upperValue xmi:id="..." xmi:ty”e="uml:LiteralUnlimitedNatural">
<value>*</value>
</upperValue>
</ownedAttribute>

</packagedElement>

SysML:

Set property of a block.

© IS0 2022 - All rights reserved
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4.7.2.3 List mapping

An EXPRESS 1i st attribute shall be transformed to an SysML block property with parameters i sordered
set as true and isUnique set as false.

EXPRESS:
ENTITY NameList;

members: LIST[2:?] OF NameOfEntity;

i)
CXMTI: Ql/
<packagedElement xmi:id"...” xmi:type="uml:Class"> .(l/

<name>NameList</name> /\ ‘
<ownedAttribute xmi:id="... " xmi:type="uml:Property"> Q(b,
<name>members</name> (b
<isOrdered>true</isOrdered> '\Q
<isUnique>false</isUnique> %
<type xmi:idref="{umlid of the NameofEntity}"/> \
<lowerValue xmi:id="..." xmi:type:"uml:LiteralInteger"\%
<value>2</value> o)
</lowerValue> Q
<upperValue xmi:id="..." Xmi:type="uml:Litera]Q@mitedNatural">
<value>*</value> \\
</upperValue> 5\0'
</ownedAttribute> \'\Q@
/packagedElement> N
3
X
SysML: \{,"
List pfoperty of a block. f_’\\C)
4
4.7.2.4 | Bag mapping @ )

An EXPRESS Bag attribute shallG_e transformed to an SysML block property with parameters isordere
set as £fd1se and isUnique S%@’false.

EXPRESY: (-\('AO\‘
ENTITY |[NameList; v
menbers: Lﬁ?{’z:?] OF NameOfEntity;
\
NS
cxmr: [
<packagedElement xmi:id"...” xmi:type="uml:Class">
<name>NameList</name>
<ownedAttribute xmi:id="... " xmi:type="uml:Property">
<name>members</name>
<isOrdered>false</isOrdered>
<isUnique>false</isUnique>
<type xmi:idref="{umlid of the NameOfEntity}"/>
<lowerValue xmi:id="..." xmi:type="uml:LiterallInteger">
<value>2</value>
</lowerValue>
24
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<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>*</value>
</upperValue>
</ownedAttribute>

</packagedElement>

SysML:

Bag property of a block.

4.7.2.5 Array mapping

indicated in 4.7.2.1.

isordered set as true and isUnique set as true.

An Array is an ordered fixed size aggregation, so the lower and upper multiplicities shall corre
the number of elements declared in the array. The Indexing of an Array is currently not supp

An EXPRESS array attribute shall be transformed to an SysML block-property with par

pond to
brted as

pmeters

EXPRESS :
ENTITY ArrayOfEntity;
members: ARRAY[1:3] OF NameOfEntity;

CXMTI :

”

packagedElement xmi:id”..” xmi:type="unt*Class">
<name> ArrayOfEntity </name>
<ownedAttribute xmi:id=".. %" xmi:type="uml:Property">
<name>members</name>
<isOrdered>true</isQrdered>
<isUnique>trueg/isUnique>
<type xmi:idrefsf{umlid of the Entity ‘NameOfEntity’}"/>
<lowerValu€ xmi:id="..." xmi:type="uml:LiterallInteger">
<valuek3¥/value>
</lowekxValue>
<upPerValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>3</value>
</upperValue>
</ownedAttribute>

</packagedElement>

SysML:
List of unique property of a block.

4.7.3 Mapping of nested of aggregation types

4.7.3.1 General
There are several type classes in EXPRESS:

— named types (declared by TypE or ENTITY keyword);

© IS0 2022 - All rights reserved
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— anonymous Types declared in-line when declaring attributes.

As an introduction to this clause, the transformation keeps any 1-dimensional anonymous types as
anonymous aggregations. Any anonymous types with aggregation greater than 1 are converted into
anonymous aggregation for the first dimension and creates SysML blocks for the further aggregation
dimensions (handling one level at a time). Any named types that are aggregations of just 1 dimension,
are lost in the mapping (they become anonymous aggregations). Named types that are higher level
aggregations are converted into SysML blocks and used accordingly.

Four nested aggregation type mappings are specified in this clause: 1ist of 1ist, array of array, 1ist of
arrayald array of 1ist. Other types of nested aggregation are not used.

4.7.3.2 | List of list mapping

Below i$ the definition of a 1ist of 1ist of REAL attribute and its mapping. A 1ist of 1istrof a simpl
type is yepresented by an intermediary SysML block, with an “element” <<Value Propérty>>, which i
the nanling convention for elements of a constructed aggregation. The name of the type is produce
as follows: name of the aggregation + lower multiplicity + upper multiplicity + name of domain. In th
following extracts, the second aggregate defined to be a L1sT [2:3] oF REALJS called List23Real.
This mgintains any multiplicity constraints on the target SysML model. Thesxnew block 1ist23Real i
stereotyped as <<Type>> to indicate that it is a convenience object and sheuld not be considered as
conceptpal artefact of the model.

D =~ 1 (D

[S =]

EXPRES
ENTITY NameOfThelListOfListEntity;

membefs : LIST[2:3] OF LIST[2:3] OF REAL;

CXMTI:
<packagedElement xmi:id="..." xmi:type="umlrClass">
<name>NameOfThelListOfListEntity</mname>
<ownedAttribute xmi:id="..." dmt:type="uml:Property">
<name>members</name>
<isOrdered>true</isOrdered>
<isUnique>false</igUnitque>
<type xmi:idref="Yumlid of type ‘List23Real’}"/>
<association xmisidref="..."/>
<lowerValue~xwii:id="..." xmi:type="uml:Literallnteger">
<valuex<)/value>
</lowexValue>
<upperMalue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>3</value>
¥ /uppervValue>
wnedittributo
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>List23Real</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>elements</name>
<isOrdered>true</isOrdered>
<isUnique>false</isUnique>
<type xmi:idref="{ ../../../DataTypes.xmi#REAL }"/>
<aggregation>composite</aggregation>
<lowerValue xmi:id="..." xmi:type="uml:LiterallInteger">
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<value>2</value>
</lowerValue>
<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>3</value>
</upperValue>
</ownedAttribute>

BysML:
Class <<Block>> <<Type>> List of REAL with a <<Value Property>> attribute named
b lements

4.7.3.3 Array of array mapping

i
A
I
tiype is produced as follows: name of the aggregation + lower multiplicity + upper multiplicity
c
Q
i
1

ot be considered as a conceptual artefact of the model.

elow is the definition of an Array of Array of an entity arbitrary named entttyx and its mapping. An
rrayof Array of an Entity is represented by an intermediary SysML block, with.an “e1ement” <<Reference
roperty>>, which is the naming convention for elements of a constructed-aggregation. The name of the

+ name

f domain. In the following extracts, the second aggregate defined to,be an ARrRAY [2:3] OF ErftityXis
alled Array23Entityx. This maintains any multiplicity constraints'on the target SysML model. The new
lock array23EntityX is stereotyped as <<Type>> to indicate that it is a convenience object angl should

FXPRESS @
ENTITY NameOfTheArraysofArrayEntity;

members : ARRAY[2:3] OF ARRAY[2:3] OF EntityX;

CXMT :
packagedElement xmi:id="..." xmistype="uml:Class">
<name>NameOfTheArray@fArrayEntity</name>
<ownedAttribute xmitid="..." xmi:type="uml:Property">
<name>members</name>
<isOrdered>trué</isOrdered>
<isUniqué>false</isUnique>
<type «wml:idref=" {umlid of type ‘Array23EntityX’'} "/>
<assQeiation xmi:idref="..."/>
<lowerValue xmi:id="..." xmi:type="uml:Literallnteger">
<value>2</value>
</lowerValue>
<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>2</value>
</upperValue>
</ownedAttribute>
<packagedElement xmi:id="..." xmi:type="uml:Class">

<name>Array23EntityX</name>

<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>elements</name>
<isOrdered>true</isOrdered>

<isUnique>false</isUnique>

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

© IS0 2022 - All rights reserved
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<association xmi:idref="..."/>

<lowerValue xmi:id="..." xmi:type="uml:Literallnteger">
<value>2</value>

</lowerValue>

<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>2</value>

</upperValue>

</ownedAttribute>

SysML:

Clasg <<Block>> <<Type>> Array of a <<Reference Property>> attribute named eléments
4.7.3.4 | List of array mapping
Below ig the definition of a List of Array of an entity arbitrary named Entityx-and its mapping. The

same conventions and transformation rules of 4.7.3.2 and 4.7.3.3 apply in this clause.

EXPRES
ENTITY NameOfTheListOfListEntity;
membefs : LIST[2:3] OF ARRAY[2:3] OF EntityX;
CXMTI:
<packagedElement xmi:id="..." xmi:type="uml:Class>
<name>NameOfTheListOfListEntity</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>members</name>
<isOrdered>true</isOrdered>
<isUnique>false</isUnique>
<type xmi:idref="{umlid‘of type ‘List23Real’}"/>
<association xmi:idr&fs"..."/>
<lowerValue xmi:id="I.." xmi:type="uml:Literallnteger">
<value>2</valug>
</lowerValuex
<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<valuéi3¥/value>
</uppexValue>
</owmedAttribute>
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>List23Real</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">
<name>elements</name>
<isOrdered>true</isOrdered>
<isUnique>false</isUnique>
<type xmi:idref="{ ../../../DataTypes.xmi#REAL }"/>
<aggregation>composite</aggregation>
<lowerValue xmi:id="..." xmi:type="uml:LiterallInteger">
<value>2</value>
</lowerValue>
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<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>3</value>
</upperValue>
</ownedAttribute>

SysML:

Class <<Block>> <<Type>> List of a <<Reference Property>> attribute named elements

4.7.3.5 Array of list mapping

Below is the definition of an aArray of rist of REAL attribute and its mapping. The same conyentions
nd transformation rules of 4.7.3.2 and 4.7.3.3 apply in this clause.

Q)

EXPRESS :
ENTITY NameOfTheArraysofArrayEntity;

members : ARRAY[2:3] OF LIST[2:3] OF REAL;

CXMT :
packagedElement xmi:id="..." xmi:type="uml:Class">
<name>NameOfTheArrayOfArrayEntity</name>
<ownedAttribute xmi:id="..." xmi:types"tunl:Property">
<name>members</name>
<isOrdered>true</isOrdered>
<isUnique>false</isUnique>
<type xmi:idref=" {umlid of\bype ‘Array23EntityX’'} "/>
<association xmi:idref=".(1"/>
<lowerValue xmi:id=". " xmi:type="uml:Literallnteger">
<value>2</value>
</lowerValue>
<upperValue xmigdid="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>2</value>
</uppervdlue>
</ownedAttpibute>
packagedElefment xmi:id="..." xmi:type="uml:Class">

<name>Array23EntityX</name>
<ownedAttribute xmi:id="..." xmi:type="uml:Property">

<name>elements</name>

<isOrdered>true</isOrdered>

<isUnique>false</isUnique>

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

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

<lowerValue xmi:id="..." xmi:type="uml:Literallnteger">
<value>2</value>

</lowerValue>

<upperValue xmi:id="..." xmi:type="uml:LiteralUnlimitedNatural">
<value>2</value>

</upperValue>

</ownedAttribute>
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SysML:
Class <<Block>> <<Type>> Array of REAL with a <<Value Property>> attribute named

elements

4.7.4 Mapping of select type

4.7.4.1 General

In STEP|concepts, select types are not defined as entities but as types and are therefore not defined iaf
supertypes of an entity. In SysML, an entity identifies the supertype entities and select data types-using
the gengralization relationship. For this document the term supertype excludes any select data types.
4.7.4.2 | Mapping of simple select type of entities
An EXPRESS select type shall be transformed to a SysML abstract auxiliary blockMNts select memberfs

shall be[specializations of this block.

EXPRES$:
TYPE |[NameOfTheSelect = SELECT (name of the member, name of aneth&r member) ;
END TYPE;

CXMI:

<packagedElement xmi:id="{xmi id of the Select}" xmdrtype="uml:Class">

<packa

<packa

<Standq
<b3
</Stan

<name>NameOfTheSelect</name>

<isAbstract>true</isAbstract>

edElement xmi:id="{xmi id of the member}" xmi:type="uml:Class">
<name>{name of the member}</ndme>
<generalization xmi:id=".. L") xmi:type="uml:Generalization">

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

</generalization>

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

<generalizatiem=mi:id="..." =xmi:type="uml:Generalization">

<general &mitidref="{xmi id of the select}"/>

</generalization>
rdProfideyAuxiliary =xmi:id="...">

se Class =xmi:idref="{xmi id of the select}"/>

ardRrofile:Auxiliary>

SysML:

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

4.7.4.3

Mapping of nested select type

An EXPRESS select type shall be transformed to a SysML abstract auxiliary block. Its select members
shall be specializations of this block. A select type may contain other select types.

|EXPRESS: |

30
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TYPE NameOfTheSelect = SELECT (NameOfTheANOTHERSelect, ..);

END TYPE;

022(E)

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

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

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

</generalization>

N

..7.4.4 Mapping of constrained select types

h an EXPRESS entity declaration that is a subtype of the EXRRESS entity declaration that §
he original TYPE. The transformation of these structures jnt0 corresponding SysML is defined
way as to enable SysML tools to accurately perform dype compatibility checks without h
hterpret OCL constraints. The following is the transformation to be applied:

Lol 5 T o el S |

) Create SysML abstract blocks for each of the Select types in the source EXPRESS;

Q)

) Create generalization relationships between these blocks to represent the specializations;

d) For each leaf node in the generalization structure, consider the allowed population from
select type and remove all those ‘c¢ehstrained by where rules in the leaf node. Assign
specializations of the leaf node;

d) For each non-leaf node consider the allowed population of the root select type, remove fi
considered population any.types already populated in the specializations of this node and b
rules defined in this node. Assign any remaining types as specializations of this node.

Ih the following extracts, the original EXPRESS declaration is considered as follows:

'he domain of an EXPRESS Select Type may be restricted when a specialization of the Type is referenced

pecified
in such
hving to

the root
hese as

om this
y where

FXPRESS :

[YPE attachmenf method = SELECT (nail, glue, weld, needle, tape); END TYPE;
'YPE permdnent attachment = attachment method;

VHERE

vrl: NWOT (‘LONGFORM.NEEDLE’ IN TYPEOF (SELF) ;

vr2.: *NOT (‘LONGFORM.TAPE’ IN TYPEOF (SELF) ;

CNDU LTI FLy,

TYPE simple attachment = attachment method;
WHERE

wrl: NOT (‘LONGFORM.GLUE’ IN TYPEOF (SELF) ;
wr2: NOT (‘LONGFORM.WELD’ IN TYPEOF (SELF) ;
END TYPE;

The resulting CXMI shall then be:

|CXMI:

© IS0 2022 - All rights reserved
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<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>attachment method</name>

<isAbstract>true</isAbstract>

<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>permanent attachment</name>
<isAbstract>true</isAbstract>

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

general xmil:idreI="{xml 1d ol attachment method;}"
</generalization>

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

<name>simple attachment</name>

<isAbstract>true</isAbstract>

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

<general xmi:idref="{xmi id of attachment method}"/>
</generalization>

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

<isAbstract>true</isAbstract>
<generalization xmi:id="..." =xmi:type="uml:Gen&ralization">
<general xmi:idref="{xmi id of simple_attachment}"/>

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

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

<isAbstract>true</isAbstract>
<generalization xmi:id="./(."V xmi:type="uml:Generalization">

<general xmi:idref="{xmi.id of simple_ attachment}"/>
</generalization>

<packagedElement xmi:id="{3mi id of another select}" xmi:type="uml:Class">

<name>tape</namé>

<isAbstract>trde</isAbstract>

<generalization xmi:id="..." =xmi:type="uml:Generalization">
<genénal xmi:idref="{xmi id of simple_attachment}"/>
</g&meéralization>

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

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

<general xmi:idref="{xmi id of permanent attachment}"/>
</generalization>

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

<isAbstract>true</isAbstract>

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

</generalization>

4.7.5 Proxy artefact

In SysML, it is not possible to make a Value Type, such as a string, a subtype of a block. The concept of
Proxy is introduced in order to allow Value Types as members of Selects. Proxies are 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
delect type. As it is a modelling artefact, it is not represented in EXPRESS. In EXPRESS the Valug¢ Type is
directly represented in the select list.

BXAMPLE The ClassStringProxy is used to represent a class as a string. The name of thel€orre$ponding
alue Type is ClassString.

=

EXPRESS @
TYPE ClassSelect = SELECT (
Class,
ClassString,
ExternalOwlClass
)7
END TYPE;

TYPE ClassString = STRING;
END_ TYPE;

CXMI:
<packagedElement xmi:id="..." xmi:type="uml:Class">
<name>ClassStringProxy</name>
<generalization xmi:id="7/.." xmi:type="uml:Generalization">
<general xmi:idref=!fxmi id of a select block}"/>

</generalization>

BysML:

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

4.7.6 \ Mapping of enumeration type

4.7.6.1 General
Two kinds of enumeration types are distinguished: simple enumeration and constrained enumeration.

4.7.6.2 Simple enumeration type mapping

An EXPRESS enumeration type shall be transformed to a SysML enumeration. EXPRESS enumeration
string members shall be transformed to the EnumerationLiterals strings of the SysML enumeration.

EXPRESS:

TYPE NameOfTheEnumeration = ENUMERATION OF (an enumeration string, another enumeration
string);
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| END TYPE;

CXMI:

<packagedElement xmi:id="..." =xmi:type="uml:Enumeration">

<name>NameOfTheEnumeration</name>
—n

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

<name>an enumeration string</name>

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

<name>another enumeration string</name>

SysML:

Enumergtion <<Value Type>> with EnumerationLiterals

4.7.6.3

EXPRESS type structure allows for an Enumeration Type to be/specialized to remove particulal
elementss.

The traﬂlsformation of these structures into corresponding SysML is defined in such a way as to enabl

SysML
constra

a) Cre
b) Cre

c¢) For
enu
litel

d) For
thig
whg

In the fq

Mapping of constrained enumeration types

=

w

ools to accurately perform date type compatibility.checks without having to interpret OCL
nts.

hte SysML enumerations for each of the Enumeration types in the source EXPRESS;
hte generalization relationships between.these enumerations to represent the specializations;

each leaf node in the generalization Structure, consider the allowed population from the roqt
meration type and remove all those'constrained by where rules in the leaf node. Assign these a
als of the leaf node;

1%2]

—

each non-leaf node conside the allowed population of the root enumeration type, remove fror
considered population‘any types already populated in the specializations of this node and by
re rules defined in this node. Assign any remaining types as specializations of this node.

llowing extracts;the original EXPRESS declaration is considered as follows:

EXPRES
TYPE cd

lour =<ENUMERATION OF (red, yellow, green, white); END TYPE;

TYPE stqop.IMMght = colour;
WHERE

wrl: SELF <> white;
END TYPE;

TYPE canadian_ flag = colour;

WHERE
wrl: SELF <> yellow;
wr2: SELF <> green;
END TYPE;
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The resulting CXMI shall then be:

CXMT:
<packagedElement xmi:id="..." xmi:type="uml:Enumeration">
<name>colour</name>
</packagedsElement>
<packagedElement xmi:id="..." =xmi:type="uml:Enumeration">

<name>stop light</name>

generalization xmi-id=" " mi-tvpe="1uml :Generalization"
<general xmi:idref="{xmi id of colour}"/> (]/
</generalization> Q(l/
<ownedLiteral xmi:id="..." xmi:type="uml:EnumerationLiteral”> /\‘ .
<name>red</name> ,'\
</ownedLiteral> Q(b
<ownedLiteral xmi:id="..." xmi:type="uml:EnumerationlLitera "'b

<name>yellow</name> '\

</ownedLiteral> &%

<ownedLiteral xmi:id="..." xmi:typez"uml:Enumeratic@ teral">
<name>green</name>

;\\
</ownedLiteral> @)

</packagedsElement> Q
<packagedElement xmi:id="..." xmi:type="uml:En ation">
<name>canadian flag</name> \\
<generalization xmi:id="..." =xmi:ty e&\};ml:Generalization'v
<general xmi:idref="{xmi id of q@our} "/>
</generalization> $
<ownedLiteral xmi:id="..." eri\%/pe:"uml:EnumerationLiteral">
<name>red</name>

xO

<ownedLiteral =xmi: idz'\\ce" xmi:type="uml:EnumerationLiteral">

</ownedLiteral>

<name>white</name>0

</ownedLiteral>

</packagedsElement>,.O

OV

-~

N

BysML:
]numeration@alue Type>> with the subset of the initial EnumerationlLiterals list
according\% the constrained population declaration

2
N

o)
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