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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
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of ahy claimged patent
respect thereof. As of the date of publication of this document, ISO had not.received ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee s[SO/TC 184, Automation systems and integration,

Subcomm

This third
revised.

The main
— allte
— inclus

Alistof a

ittee SC 4, Industrial data.

| edition cancels and replaces the second edition (ISO 10303-1:2021), which has been t¢chnically

changes are as follows:
'ms removed, and included inJSO 10303-2;
ion of STEP extended architecture.

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

Any feedback or questions-on this document should be directed to the user’s national standards body. A

complete

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 for the exchange of product data. The objective is to provide a neutral mechanism
capable of describing products throughout their life cycle. This mechanism is suitable not only for neutral file
exchange, but also as a basis for implementing and sharing product databases, and as a basis for archiving.

The information generated about a product during its design, manufacture, use, maintenance, and disposal
is used for many purposes. The use can involve many information systems, including some that can be
located in different organizations. In order to support such uses, organizations need to be able to represent
their product information in a common computer-interpretable form that is required to remain complete
and consistent when exchanged among different information systems

This docyment is an overview of the ISO 10303 series. It specifies the overall scope of the ISQ 10303 series
and descfibes the ISO 10303 series architectures and structure. It describes the variéus’ parts of the
[SO 10303 series and the relationships among them.

The ISO 1P303 series is organized as a series of parts, each published separately.

Each parf of the ISO 10303 series is a member of one of the following series: description |methods,
implemertation methods, conformance testing methodology and framework,\integrated generic fesources,
integrateql application resources, Core model, application protocols (APs), abstract test suit¢s (ATSs),
applicatidn interpreted constructs (AICs), application modules (AMs))and application domain models
(ADMs).

There is [a set of standing documents that provide guidelines “for developing International $tandards
produced|by ISO/TC 184/SC 4. These are listed in the SC 4 orgatization handbook[1l.

© IS0 2024 - All rights reserved
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International Standard

ISO 10303-1:2024(en)

Industrial automation systems and integration — Product

data representation and exchange —

Part 1:
Overview and fundamental principles

1 Scope

This docyment provides an overview of the ISO 10303 series.

This docyment defines the architectural principles of product information representation and
used in the ISO 10303 series. It specifies the characteristics of the various set$\of parts in the |

series and the relationships among them.

The folloying are within the scope of this document:

— scopq statement for the ISO 10303 series as a whole;
— overyiew of the ISO 10303 series;

— archifectures of the ISO 10303 series;

— strucfure of the ISO 10303 series;

— overyiew of data specification methods used in.the ISO 10303 series;

exchange
SO 10303

NOTE This includes the EXPRESS data specifigation language and graphical presentation of product information

models.

— intro¢luction to the ISO 10303 series:

—n

tegrated resources (IRs);

— application interpreted constructs (AICs);
— application modudes(AMs);

— application domain models (ADMs);

— (Qore model;

— siness object models (deprecated);

— application protocols (APs);

— implementation methods;

— usage guides;

— conformance testing methodology and framework;

— abstract test suites (ATSs);

— scheme for identification of schemas and other information objects defined in the ISO 10303 series.

© IS0 2024 - All rights reserved
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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.

[SO 10303-2, Industrial automation systems and integration — Product data representation and exchange —
Part 2: STEP Vocabulary

ISO/IEC 8824-1, Information technology — Abstract Syntax Notation One (ASN.1) — Part 1: Specification of
basic notation

3 Terms, definitions and abbreviated terms

3.1 Tenms and definitions
For the pyrposes of this document, the terms and definitions given in ISO 10303-2 apply.
ISO and I[EC maintain terminology databases for use in standardization at the following addresses

— IEC E]ectropedia: available at https://www.electropedia.org/;

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

3.2 Abbreviated terms

AO application object

CTC core technical capability

DTD document type definition

HDF hierarchical data format(Zl

SDAI standard data access interfacelZ]
URL uniform resource locator

UML unified modeling langtiage

XMI XML metadata interchangel4!
XML extensible mark-up language

XLSX Microsoft Excel open XML spreadsheet

4 Overview of the ISO 10303 series

4.1 Purpose

The purpose of the ISO 10303 series is to specify a form for the unambiguous representation and exchange
of computer-interpretable product data throughout the life of a product. This form is independent of any
specific computer system. This form enables consistent implementations across multiple applications
and systems. The ISO 10303 series architecture permits different implementation methods to be used for
storing, accessing, transferring, and archiving product data. The ISO 10303 series define a rigorous process
for testing implementations for conformance.

© IS0 2024 - All rights reserved
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4.2 Scope of the ISO 10303 series

The ISO 10303 series provides a representation of product information along with the necessary mechanisms
and definitions to enable product data to be exchanged. The exchange is among different information systems
and environments associated with the complete product life cycle, including product design, manufacture,
use, maintenance and final disposition.

Specifically, the ISO 10303 series provides:
— representation of product information, including components and assemblies;

— implementation methods for exchange of product data, including storing, transferring, accessing, and
archiving.

4.3 Fundamental principles

4.3.1 Gleneral

The ISO 1P303 series separates the representation of product information from theimplementation methods
used for groduct data exchange, product data access and product data archival.

NOTE The following are assumed:

— data dccess is machine-to-machine sharing of data;

— data gxchange is exchange of machine-interpretable files;

— data drchival is persistent storage of machine-interpretable data‘and associated defining schemata.

EXAMPLE ISO 10303-22, Standard data access interface (SDAD), specifies data access.

The ISO 1P303 series implements a three-layer architecture where the business concerns are sepgrate from
the specitl:cation of the information models, which are separate from implementation concerns.[2]

A commop resource provides a single representation of product information for many applicatjons. This
representfation may be adapted to meet the né€eds of specific applications.

An application protocol (AP) specifies the répresentation of product information for one or more applications.

The ISO 10303 series specifies thé implementation methods that support the exchange of product data
defined in} APs.

The ISO 10303 series uses EXPRESS or SysMLI¢ to specify the representation of product informdtion. This
use of th¢ formal languages EXPRESS or SysML provides unambiguous and consistent representation and
facilitateq development of implementations. The representation of product information shall be annotated
with a litgral definition for each construct.

The ISO 1P303 series provides a methodology and framework for conformance testing of implementations.

4.3.2 Integrated resources (IRs) and Core model

4.3.2.1 Integrated resources (IRs)

A set of IRs shall provide the specification of a representation of product information. Each IR comprises
a set of descriptions, written in a formal data specification language, applicable to product data known as
resource constructs. One set may be dependent on other sets for its definition. A single resource construct
may represent similar information for different applications.

The IRs in the ISO 10303 series are divided into two groups: generic resources and application resources.
The generic resources are independent of applications and may reference other resources. The application
resources may reference other resources and may add other resource constructs for use by a group of

© IS0 2024 - All rights reserved
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similar applications. The IRs may reference product data descriptions written using EXPRESS from other
International Standards.

4.3.2.2 Core model

The Core model shall provide the specification of a representation of product information that is independent
of applications. It is equivalent to the IRs.

The Core information model is divided into a set of core technical capabilities (CTC). Each CTC comprises a
set of objects, relationships and descriptions, written in a formal data specification language. One CTC may
reference objects in other CTCs. A CTC can be reused in, or customised by, applications.

t ARM in

SysML. This relates it to the IRs

4.3.3 Support for application protocols (APs)

The IRs gnd Core model each defines a generic information model for product information. Thegy are not
sufficient{to support the information requirements of an AP without the addition-of applicatiopn specific
constrainfs.

The ISO 10303 series defines APs in which the IRs or Core model are intérpreted to meet the product
informatipn requirements of specific applications. The interpretation is, achieved by selecting| resource
constructls from the IRs or the Core model, and their meaning may be réfined by applying applicatign specific
constraings. In the modular architecture (see 5.2.3), this interpretation results in an application infterpreted
model (AM) and a mapping specification. In the extended architecture (see 5.2.4), this interpretatipn results
in an application domain model (ADM). The AIM or ADM is docuinented as part of an AP.

The ISO 10303 series has a mechanism to ensure consistent interpretation when a resource |construct
represenfs the same information requirement in different APs. The mechanism uses application) modules
(AMs) that document the harmonized requirements.along with the interpreted resource constructs.

NOTE1 [There is an alternative legacy mechanisni that uses interpreted resource constructs appearing in more
than one AP as a documented application interpreted construct (AIC). New AICs cannot be created.

NOTE 2 |See 6.5, 6.6 and 6.9 for more details on AICs, AMs and ADM.

The scop¢ and information requiremeiits of the APs are specified using the terminology of the application
domain. The AP provides a mapping to show how the interpretation of the IRs or Core model is usgd to meet
the inforrhation requirements of the application domain.

The ISO 1303 series provides/ADMs that present complex models in a form that can be more understandable
to application experts.

4.3.4 Ilrplementation methods

Each implementation method included in the ISO 10303 series (see 6.3.3.2) is specified by a mapping from a
formal information modellmg language used in ISO 10303 (such as the EXPRESS language) onto the formal
language W s pressed-in a formal
notation, where the notatlon is defmed ina descrlptlon method for transformatlon (see 6 2. 3)

NOTE Standardized implementation methods that do not have a mapping from the EXPRESS language can be
used. These have a description method for transformation (see 6.2.3).

EXAMPLE Other standardized implementation methods are XML and Open API.

4.3.5 Implementations

An AP may specify one or more applicable implementation methods. These may be chosen from the set of
implementation methods in the ISO 10303 series (see 6.3), or other standardized implementation methods

© IS0 2024 - All rights reserved
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for which there is a transformation description method (see 6.2.3). An AP implementation shall apply one or
more of the implementation methods specified in the AP.

4.3.6 Conformance testing

Conformance of an implementation to an AP is specified by the conformance requirements in the AP.

A set of tests, specified in an abstract test suite (ATS), may be defined for each AP. When associated with an
abstract test method (ATM), these tests can be used to assess the conformance of an implementation. The
overall framework for conformance assessment is specified in ISO 10303-31.

An ATM for each implementation method is specified in one of the conformance testing methodology and
framework-set-ofthelSO0-10303-series-

The scopg of conformance testing of a specific implementation is the requirements specifig

conform

ce classes claimed for the implementation in the protocol implementation conforfiiance

(PICS). The tests are selected from the ATS, based on the conformance class claimed by the implen

Test resu

The ISO 1
for test rd
in the ISO

5 Arch

5.1 0Ovg

The ISO 1
exchange
concepts:

— the sd
— infor

— infor

ts provide the basis for conformance assessment.

D303 series contains ATSs and defines ATMs for performing conformangetesting to provi
sults that are repeatable, comparable, and auditable. Inclusion of copformance testing p
10303 series is intended to promote widespread acceptance of testsesults.

itecture of the ISO 10303 series

prview

0303 series architecture is designed to supportthe development of standards for pro
product data access and product data archival.*The architecture is constrained by the

mation requirements are based on-a@model of a business activity;

mation requirements are standardized using a modelling language;

— amapping is a specification of(the data structures used from the IRs or the Core model and p

const

EXAMPLE
executed 4

EXAMPLE
from one
model Y.

The ISO 1

raints against that usage satisfying application requirements.

1 An ARM-AIM mapping of the AO Activity is a query against an AIM data population of
ction. For each mémpber of executed action in the data population, a member of Activity would be

2 A mappingfrom one entity in model X uses six entities as a target in model Y. It is not possi
f the six_entities in model Y to the entity in model X. Instead, a query is used to locate the six

P303.series is implemented through APs. An AP consists of the following major elements

d for the
btatement
hentation.

de a basis
rocedures

duct data
following

ope of what is standardized and whatjs sonformance tested is set at the level of an application;

opulation

the entity
created.

ble to map
entities in

— an application activity model (AAM) describing the business process that the information model
supports;

— an application data planning model (ADPM) describing the primary concepts of an application domain
and the relationships among the concepts;

— an application reference model (ARM) specifying the information requirements (optional for the
extended architecturelZI8I[2][10]);

— aninformation model based on the IRs, called an AIM, that is a basis for implementations of the APs using
the modular architecturellll shall include an AIM. APs using the extended architecture may include an

AlIM;

© IS0 2024 - All rights reserved
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— an information model for data structures, called an ADM, that is a basis for implementations of the APs
using the extended architecture shall include an ADM.

The architecture is based on standardizing industry information requirements and mapping those
information requirements to an information model based on the IRs or the Core model. The Core model is
mapped to areference ARM that is then mapped to the IRs. The process of mapping information requirements
to the IRs is known as "interpretation”.

The ISO 10303 series architecture focuses on the information required by industrial processes rather than
on the processes themselves, as the processes can change over time, while the underlying information
requirements are longer lasting. This focus on information allows the ISO 10303 series to support data
exchange, data access, as well as product data archival.

Whenever a resource construct is used to represent the same information requirement in differen
same interpretation of that resource construct shall be used.

5.2 Types of architecture

5.2.1 General

The genejfal architectural principles described in 5.1 have been elaborated intothree architecture

— the
— the

— the

All architgctures adhere to the fundamental principles desctibed in 4.3.

NOTE

in 5.1 and the common aspects of its elaborations.

An ISO 10303 series project may use the initial\drchitecture, the modular architecture, or the
architectiire, although new projects are not encouraged to use the initial architecture.

5.2.2 Sharing interpretations in the initial architecture

An AIC shiall be used to specify a piece of an AIM that can be used to exchange product data comm
or more APs.

NOTE

An AP thqt complieswith initial architecture is called a "monolithic AP".

5.2.3 Sharinginterpretations in the modular architecture

5.2.3.1

"gxtended architecture".

:[:itial architecture”,

odular architecture”, and

The term "ISO 10303 series architecture"”, without\qualification, refers to the general principles

t APs, the

described

extended

on to two

An AIC does not decument the common information requirements or the mapping of those ifformation
requiremejnts into the AIM.

IGeneral

Rather than relying on harmonization occurring as a by-product of consistent interpretation across APs,
application requirements are first harmonized across domains and the resulting mappings are standardized
in AMs. AMs are reused by other AMs and ultimately by APs.

The implementable portion of the modular architecture has two core components:

— AM:

areusable data specification documented with an ARM;

mapping;

© IS0 2024 - All rights reserved
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— MIM;

— 0
— AP:T
NOTE

The objec

5.2.3.2
The desig

ptional usage guide.
he use of a data specification to meet the requirements of business processes.
The business object model, originally included in the modular architecture, is deprecated.

tives and function of the architectural components are described in 5.2.3.2 and 5.2.3.3.

Application module (AM)

n of an AM should maximize re-usability of the

a) harmlonized requirements,

b) assod
c¢) data

d) softw
The desig

AMs repl3
and AMs
AICs and
informati
of modula
modular

i.e. the AR

5.2.3.3

An AP thd
of a set of
single, no
collection
interpret
contains 4
(see guid
reviewery

5.2.3.4

The busin

524 S

iated interpretation into the IRs,

pecification, and

are implementations.

n shall support re-usability by the standards developer, implementer-and user.

lce AICs in the modular architecture. Each AIC shall be includedyin one AM. The objectiv]
are similar. They both standardize interpretation resultsifor reuse in multiple APs.

pn requirements and specifications of the mappings ofthose requirements to the IRs. An

rization is to document a concept one time and then to.directly reuse that concept in other
hrchitecture uses EXPRESS rather than natural lapguage for the documentation of requ

Modular application protocol (AP)

AMs for a specific business process) The AMs used by an AP are organized in a tree stj
rmatively referenced AP AM is the data specification for the AP. This AM normatively re

M, in an AM. This allows the use of tools to validate the dependencies between AM ARM$.

s of AICs
However,

AMs are created differently and have different content;"AMs, unlike AICs, contain harmonized

objective
AMs. The
irements,

t complies with modular architecture is called a "modular AP". A modular AP is a documlented use

ucture. A
ferences a

of related AMs that provide the documentation of its information requirements and sta

from the application domain.

Business objeet model (deprecated)

ess object model is deprecated and replaced by the ADM.

haring interpretations in the extended architecture

dardized

htions. The AP AM may inelude specific business process rules or constraints. The AP locument
in activity model and conformance class definitions. Industry specific terminology can be mapped
plinesl12]) to the generic AM terminology defined in an AP to make it more understandable to

5.2.4.1

General

The extended architecture is based on the modular architecture, and allows additional implementation

forms att

he level of the ADM.

The additional implementable portion of the extended architecture has two core components:

— ADM: The data specification that provides the documentation of information requirements for a domain
that are parametrically mapped to the Core model.

— AP:T

he use of a data specification to meet the requirements of business processes.
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The objectives and function of the ADM are described in 5.2.4.2. The objectives and function of the AP are
described in 5.2.4.3. The objectives and function of the Core model are described in 5.2.4.4.

5.2.4.2 Application domain model (ADM)

The ADM describes the information requirements and constraints of a specific application context in
a normative schema definition. The ADM is a specific view of selections of the STEP integrated model
constrained by the AP requirements.

The implementation schemas for the ADM shall be derived by applying implementation bindings specified in
the description methods.

5.2.4.3 [Extended architecture application protocol (AP)

An extenfled architecture AP has a single documented ADM for a specific business prggess. [The ADM
is the datfa specification for the AP that provides the documentation of its informationyrequirernents and
standardjzed interpretations. The ADM may include specific business process rules onconstraings. The AP
document contains an AAM, ADPM and conformance class definitions.

5.2.4.4 |Core model

The Core [model is an information model shared by all ADMs. The Core model represents the prqduct data
through ifs entire life cycle.

The Core model internal structure is composed of a set of Core Technical Capabilities (CTCs).
A CTC is donstrained and defined as follows:

— aCT( shall be a consistent group of objects;

— anobject is declared in one and only one CTC (i.e the CTCs do not overlap);

— aCT(is formalized as a set of objects and relations that may include references to objects in other CTCs
and which are fully defined, including all-attributes and constraints, and fully documented;

— objecks and relations may be used to derive an implementation form;
— aCT( shall provide interfaces and.tnay provide auxiliary information;
— a CT( shall group functionally related elements;

— aCT({ may be decomposed into sub-CTCs.

EXAMPLE The Multidisciplinary Simulation CTC is decomposed into Thermal Analysis CTC and Finife Element

Analysis C[I'C; or Productand Manufacturing Information (PMI) CTC is decomposed into Generate and Test (G&T) CTC,
Dimensiorn and Tolerance (D&T) CTC, and Weld CTC.

5.2.4.5 |ARM'\in SysML

The ARI\’{ ill S_yb}\VI{L ib dll dl thclLt ‘Chat lJl UVidCD all illtCl fa\,c ]lJCtVVCCll t}lC lllUdLl}Cll al L}litcbtul C and the
extended architecture. There is an AM ISO/TS 10303-400 “Reference ARM for SysML mapping”[13] (see
6.2.2). The transformation of "Reference ARM for SysML mapping" into SysML is specified in the description
methods[14] (see 6.2). The result of the transformation is the ARM in SysML artefact that is contained in Core
model (see 5.2.4.4).

The ARM in SysML contains the application objects (AOs) to which the core objects shall be mapped. The
purpose of the mapping is to ensure that each core object is traced to the AOs in an AM contained in the
AM “Reference ARM for SysML mapping”. Each AM has mappings from the AOs to MIM entities and STEP IR
entities (see 6.7.3). The ADM objects are mapped to the Core model objects, thus ensuring that each ADM
object is traced to the AOs in the AM.

© IS0 2024 - All rights reserved
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6 Structure of the ISO 10303 series

6.1 General

The ISO 10303 series is divided into the following sets of parts. Each set has a unique function and consists
of one or more parts. The sets are listed below with their numbering scheme:

— descr

iption methods: ISO 10303-11 to ISO 10303-19 (see 6.2);

— implementation methods: ISO 10303-21 to ISO 10303-29 (see 6.3);

— confo

rmance testing methodology and framework: ISO 10303-31 to ISO 10303-39 (see 6.11);

— integ

— g

Q)

— appli

— abstr
[SO1

— refer
(see 6

— appli
APs 1

— appli
— appli
— busin
— Core

— appli
appli

— usagg guides: ISO 10303-5001to ISO 10303-5999 (see 6.10).

NOTE

6.2 Description méthods

6.21 P

pplication resources: ISO 10303-101 to ISO 10303-199 (see 6.4.3);

Fated resources (IRs) (see 6.4):

eneric resources: [ISO 10303-41 to ISO 10303-99 (see 6.4.2);

fation protocols (APs): ISO 10303-201 to ISO 10303-299 (see 6.7);

hct test suites (ATSs): ISO 10303-301 to ISO 10303-399 (correspénding to the assoc
D303-201 to ISO 10303-299) (see 6.12);

bnice ARM for SysML mapping: ISO 10303-400 (correspondingto the Core model [SO/TS 103
.6)

fation protocol (AP) modules: 1SO 10303-401 to ISO 10303-499 (corresponding to the 3
50 10303-201 to ISO 10303-299) (see 6.7);

fation interpreted constructs (AICs): ISO 103032501 to ISO 10303-523 (see 6.5);
fation modules (AMs): ISO 10303-1001 to [SO10303-1999 (see 6.6):

ess object models: ISO 10303-3001 to ISO 10303-3099 (deprecated);

model: ISO/TS 10303-4000 (see 6:83;

fation domain models (ADMs): ISO 10303-4401 to ISO 10303-4499 (corresponding to the g
fation protocol (AP) modules1SO 10303-401 to ISO 10303-499) (see 6.9);

The business objeectunodels are deprecated.

Urpose

The desc

Fiption of product data in the ISO 10303 series requires the use of formal data spe

ated APs

03-4000)

ssociated

ssociated

cification

languages to ensure consistency and avoid ambiguity. The languages are intended to be computer-
interpretable to facilitate the generation of application software and supporting tools. Supporting tools may
be used to present the languages in a human-readable form to facilitate human understanding.

The description methods include the specification for the EXPRESS modelling language (see 6.2.2) and the
transformation description methods (see 6.2.3).
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6.2.2 The EXPRESS modelling language

6.2.2.1

EXPRESS and EXPRESS-G (ISO 10303-11)

EXPRESS is a formal modelling language that provides the mechanism for the normative description of

product d

ata for both common resources and APs. EXPRESS is specified in ISO 10303-11.

EXPRESS allows a description of the data and constraints applicable to product data in a closed domain
of discourse suitable for conformance assessment. EXPRESS permits the definition of resource constructs
from data elements, constraints, relationships, rules and functions. The language permits classification and
structuring of resource constructs. Resource constructs shall be interpreted within APs. The interpretation
capability of EXPRESS is a mechanism to facilitate the development of APs by allowing the addition of

restrictio
construct]

EXPRESS

NOTE

6.2.2.2
EXPRESS

specificat
alternatiy

6.2.3 T
The trang

used in

NOTE
EXAMPLE

SO attributes, the addition of constraints, the addition of Tetationships among
s and application constructs, or all of the above.

G is a graphical representation for the structural constructs in the EXPRESS language.

The EXPRESS-G diagrams are provided to facilitate human understanding.

The EXPRESS-X language

X is specified in [SO 10303-14 and is a structural data mapping langdage. It allows the una
ion of relationship between data that is governed by EXPRESS schemas, and for §
e views of data that is governed by EXPRESS schemas.

ransformation description methods

formation description methods define the transfermation between formal language g

Information loss can occur when a binding is'executed.

Some transformation description methods are:

— trans
— trans
— trans

— trans
6.3 Im

63.1 P

The ISO 1
a specific

ormation from SysML XMI to XML §chemallZ];
ormation from SysML XMI to EXPRESS;
ormation from EXPRESS fo SysML XMI[4];

ormation from SysML-XMI to web services.
lementation.methods

rpose

303.series provides for various methods of implementation. An implementation method

resource

mbiguous
pecifying

onstructs

he ISO 10303 series for information modelliig and used for implementation methods. The
transfornpation definition is known as a binding.

provides

writing and reading of the description of product data in APs, using cleartext or binary encoding.

EXAMPLE

632 U

ISO 10303-21 specifies an implementation method for an exchange structure.

se of formal language

les for the

An implementation method is defined using a formal language so that computer-based methods can be used
for the development of implementations. Formal languages provide a precise description for conformance.
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6.3.3 Implementation methods for product data described using the EXPRESS language

6.3.3.1 Mapping from EXPRESS to implementation method

EXPRESS models may be used to provide the basis for all specifications of product information in the
[SO 10303 series. Each implementation method based on EXPRESS defined in the ISO 10303 series specifies
mapping rules from the syntax of EXPRESS onto the language used for the implementation method. The
structure and syntax of each resource construct as it appears in the implementation is derived by applying
the mapping rules. The rules to be applied for a specific implementation method shall be conditional on the
form of the EXPRESS definition that is being mapped. Any schema defined in EXPRESS can be mapped to the
implementation method.

6.3.3.2 [Exchange structures for product data (implementation)

The ISO 10303 series provides different ways of exchanging product data described in EXPRESY between
informatipn systems such as:

— cleartext encoding of the exchange structure (ISO 10303-21);

— binarjy representation of EXPRESS-driven data (ISO/TS 10303-26);
— XML fepresentations of EXPRESS schemas and data (ISO 10303-28).
NOTE1 [Additional implementation methods can become available after the publication of this document.

ISO 1030B-21 provides a human readable form of the exchange)structure. The exchange strufture can
be implemented to support file exchange. The language used-for the syntax of the exchange |structure
implementation method is based on Wirth Syntax Notation.[24Fhe mapping from EXPRESS to the[syntax of
the exchapge structure is defined.

ISO/TS 10303-26 provides a mapping of EXPRESS to thebinary Hierarchical Data Format Version 5{2] (HDF5)
that is optimized for the exchange of huge data sets.

NOTE 2 |HDFS5 is a product of The HDF Group, a spin-off from the National Center for Supercomputing Applications
(NCSA) at the University of [llinois (United States)at Urbana-Champaign. The HDF software includes I/0 lihraries and
tools for apalysing, visualizing, and converting scientific data.

ISO 10303-28 enables product data deseribed in EXPRESS to be exchanged using XML and the softyare tools
developed to support XML technologies. It also permits product data sets so described to be incorpofated into
electroni¢ commerce transactions represented in XML. ISO 10303-28 specifies the form of XML dpcuments
containing EXPRESS schemas(and data governed by EXPRESS schemas. For an arbitrary EXPRESES schema,
it specifids an XML schema‘that corresponds to the EXPRESS schema. It also contains a set of configuration
directiveg that can be usedto specify options for the structure of the XML representation of datg sets that
conform ffo EXPRESS sChemas.

ISO 10303-28 specifies an XML document type definition (DTD) that corresponds to the EXPRESS $chema. It
can be used by.implementers who need to use DTDs instead of XML schemas.

6.3.3.3

The SDAI specifies the functional characteristics of an application programming data access interface to
product data. SDAI defines the operations available to an application for the purposes of accessing and
manipulating data with a structure defined using EXPRESS. SDAI is specified in ISO 10303-22 The SDAI is
defined independently of any programming language.

The specification of the SDAI functionality in a specific programming language is known as a language
binding. A language binding provides access to, and manipulation of, data entities, types and constants,
mechanisms for constraint validation and error handling. Language bindings are provided as separate parts
of the ISO 10303 series.
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At the time of preparation of this document, the following language bindings are available:

— C++language binding to the SDAI (ISO 10303-23);

— Clanguage binding to the SDAI (ISO 10303-24);

— JavaT1programminglanguagebindingtothe SDAIwithInternet/Intranetextensions (ISO/TS10303-27).

Generic conformance testing for SDAI implementations is provided by ISO/TS 10303-35. For each language

binding, t

6.3.3.4

hese ATMs are converted into executable test methods for conformance testing.

EXPRESS to OMG XMI binding

ISO/TS 1
standard
EXPRESS
schemas,
Static Str
because t
is a one-V

mapping
modelling

6.4 Int

64.1 P
The purp

4.3.2.1). 1
reference

6.4.2 G

The genet

643 A

The appli
group of s

6.5 Apj

6.5.1 P

An AIC is
and docu

303-25 specifies a mapping of EXPRESS constructs to the UML meta-model. Becaus
specifies the XML representation of UML meta-model constructs, standardizing the i
constructs into UML constructs supports the XMI representation of EXPRESS schemas.
being data specifications, are mapped into the UML meta-model concepts that-apped
icture Diagrams. ISO/TS 10303-25 does not map all EXPRESS constructs to the UML m¢
hat meta-model does not support all the corresponding EXPRESS concepts)The specified
vay mapping from EXPRESS into the UML Interchange Meta-model. These limitations
unsuitable for the general interchange of EXPRESS schemas and ML models for in
purposes.

pgrated resources (IRs)

irpose

pse of an IR is to provide the specification of a representation of product information
'he IRs are divided into two groups: generic résources and application resources. Th
product data descriptions written using EXPRESS from other International Standards.

eneric resources

ic resources are independent of applications and can reference other resources.

pplication resources

imilar applications.
plication interpveted construct (AIC)

iIrpose

partief the modular architecture. The purpose of an AIC is to provide a mechanism 4
ment.the common requirements of different APs as represented within their AIMs. AI(

a consistd

e the XMI
apping of
EXPRESS
r in UML
ta-model,
mapping
make the
formation

(see also
e IRs can

Cation resources can reference other resources and can add other resource constructs fgr use by a

p identify
s provide

ntand standardized infprprpfnfinn of the IRs across different qpplir‘qfinn contexts hy i

the semantics and shared data definitions to support a specific functionality.

NOTE

New AICs

The AICs are legacy parts of the ISO 10303 series.

are no longer created in the ISO 10303 series.

entifying

1) Javaisthe trademark of a product supplied by ORACLE. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the product named. Equivalent products may be used if they
can be shown to lead to the same results.
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6.5.2 Characteristics

AICs shall be referenced in their entirety. AICs can be referenced by APs, AMs or other AICs. In the modular
architecture, typically one AIC is encapsulated in one AM.

6.6 Application modules (AMs)

6.6.1 Purpose

An AM is part of the modular architecture. AMs are the key constituent of the modular architecture. The
basis of the modular approach is understanding and harmonizing the requirements, both new and those
documented in existing APs, grouping the requirements into reusable modules, and using the modules in the

developm

6.6.2 C

An AM co
of an AP
implemen

There ardg
(level 3),

EXAMPLE

6.6.3 Business benefits

The mody

Foun
alone)

Impl¢

confgrmance classes can be defined. Implementation medules can include AP specific data p

const

Each
An A

are the same as other implementation modtiles, the only documentation difference being in t

and t
has a

The K
used

A det
detai
APst

ent of an AP.

haracteristics

locument in the modular architecture is to provide a business context forithe industrig
tation of the AMs that are the data specification of the AP.

ind Reference ARM for SysML mapping (level 4).

lation modules (level 1) provide lower-level reusable structures thatare notlikely to be img
but are highly shareable and reusable.

raints omitted from foundation modules.

AP references a single root module, which:i&called the "AP application module" (AP AM]
P application module is an implementation*module, and the contents of an AP applicatid

tle. The AP application module fronrohe AP can be used by another AP. The AP applicatig
part number equal to the AP's partnumber plus 200.

The AP application modulefor ISO 10303-210 is ISO/TS 10303-410.

for mapping from the'Core model. The Reference ARM for SysML mapping has a part numk

hiled descriptiot-of the content of an AM is provided in guidelines for the content of /
ed description of the content of an AP that uses AMs is provided in guidelines for the
hat use AMs, 1

htains the technical content that, under the initial architecture, was documented in an AP. The role

1] use and

four types of AMs: foundation modules (level 1), implementationCarodules (level 2), AR modules

lemented

mentation modules (level 2) define a capability that can be implemented and agaipst which

opulation

(level 3).
n module
leir name
n module

eference ARM for SysML mapping (level 4) is a list of AP AMs and the resulting ARM schema. It is

er of 400.

\ Ms.[29] A
rontent of

larmarchitecture provides:

the ability to implement a combination of subsets of multiple APs, or to extend existing APs to meet a
business need;

the ability to reuse application software developed to support one AP in the development of an
implementation of another AP with the same, or similar, requirements;

the ability to avoid the duplication and repeated documentation of the same requirements in different
APs, leading to potentially different solutions for the same requirements;

the ability to reuse data generated by an implementation of one or more APs by an implementation of one
or more different APs;

© IS0 2024 - All rights reserved

13


https://standardsiso.com/api/?name=b439a5f1396b4b6dc6eb0a121c809dd7

ISO 10303-1:2024(en)

— the ability to refactor a module into two or more AMs without changing the external application;

— the ability to significantly reduce maintenance cost for APs that share common subset.
6.7 Application protocols (APs)

6.7.1 Purpose

For a given application domain, an AP specifies an information model suitable not only for neutral file
exchange, but also as a basis for implementing and sharing product databases and archiving. For a
monolithic AP, the information model is included in the AP document. For a modular AP, the information
model is included in the AP module and is referenced by the AP document. For an extended architecture AP,
the information model is specified by reference to the ADM.

6.7.2 Definition of information requirements

An AP inkludes the definitions of scope, context, and information requirements ef’an applicgtion. The
definitiorfs can specify functions, processes or information that are excluded from the“application|to clarify
the scope, context and information requirements. The statement of scope is supported by an APDM that
provides fhe high-level concepts, structure and relationships of the supported, information modgl, and by
an AAM that describes the processes, information flows and functional requirements of the applicption. The
APDM is included in a normative clause of an AP. The AAM is included as an informative annex to the AP.

In the mddular architecture the information requirements and consttaints for the application cqntext are
defined by means of a set of AOs included in an ARM. This definition’is derived from an ARM. Anf ARM is a
formal information model that is documented in the AP.

In the extiended architecture, the information requirementszand constraints for the application c¢ntext are
defined by means of a set of application domain objects iicluded the ADM. An ADM is a formal information
model thdt is documented in the AP.

6.7.3 Inpformation representation for the modular architecture

The AIM i assembled from resource constructs specified by the IRs. The resource constructs are interpreted
to meet tnTe application requirements within the defined context and scope of the AP.

A mappinjg from the information requirements to the AIM is provided. A mapping language is sgecified in
guideline$ for mapping specifications/[L21 The mapping defines the use, within the AIM, of resource donstructs
from the [Rs to represent the information requirements of the application. For each ARM requirgment, the
mapping provides an unambiguous query of the AIM information base. A mapping from the information
requiremgnts to the AIM isprovided in each AP.

6.7.4 Informationrepresentation for the extended architecture

The inforpnatiortmodel is specified by reference to the ADM and the AP application module dependjng on the
implemerjtation use cases. Mapping from the information requirements to the Core model is proyided. The
mapping language is specified in Reference [9].

6.7.5 Implementation methods

The AP is independent of implementation methods. However, an AP may include implementation method
specific information in a normative annex.

When an AP includes an EXPRESS-based implementation method it shall include a reference to a table of
short names that the exchange structure implementation method uses to encode AP entity names. The table
is available at https://standards.iso.org/iso/10303/tech/short names/short-names.txt
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6.7.6 Conformance requirements

An AP includes the conformance requirements to be satisfied by any implementation claiming to support
the requirements of the AP. Conformance requirements reflect the capabilities defined in an AP and can be
specified in the description methods, implementation methods, or APs of the ISO 10303 series.

6.8 Core model

6.8.1 Purpose

The Core model is part of the extended architecture. It specifies a comprehensive information model shared
by all ADMs. The Core model is intended to represent the product data through the product entire life cycle.

6.8.2 Information representation in core technical capabilities

The Core [nformation model is decomposed or partitioned into a set of core technical capabilities (TC). Each
CTC is represented as a SysML model containing block definition diagrams and parameétric diagrams using
the same jmethodology as the ADM of an AP (see 6.9). The models are stored indepéndent of the puthoring
applicatign as XMI representations.

6.9 Application domain models (ADMs)

6.9.1 Purpose

An ADM i part of the extended architecture. It describes the information requirements and constfaints of a
specific application context in a normative schema definition.“Flie ADM is a specific view of selections of the
STEP intejgrated model constrained by the AP requirements(

6.9.2 Information representation

The ADM|is represented as a SysML model containing block definition diagrams and parametric fliagrams.
The moddls are stored independent of the authoring application as XMI representations.

The item$ in the ADM are called the dorain objects. Domain objects are defined by their attriputes and
their relationships with other domain ‘objects. The domain objects are created in SysML. The mapping
specificatfion defines how each domain‘model element maps to one or more Core model element.

An ADM rhay include an AP Reference Data library that imports the Core Reference Data library.
6.10 Usgge guides

6.10.1 Purpose

A usage guide conitains guidance on implementing and using an AP. A usage guide may provide gyidance to
two diffeent‘audiences: implementers and end users of AP-compliant implementations.

6.10.2 Characteristics

A usage guide can define refined context, scope, and information requirements for a subset of the context,
scope, and information requirements of the subject AP, and specify the use of the AP's information
representation to satisfy these requirements.

EXAMPLE1 ISO/TS 10303-5001 defines the context, scope, and information requirements for various development
phases during the design of a gear unit and specifies the ISO 10303-2142) resources necessary to satisfy these
requirements.

2) Withdrawn standard.
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An AP may have more than one usage guide covering the same subject area, but for different disciplines.
EXAMPLE 2 ISO 10303-227 was developed jointly by the shipbuilding and process plant communities. There

can be separate usage guides for ISO 10303-227 for ship piping and process plant piping, to document usage of the
ISO 10303-227 information representation specific to the respective communities, or the software products they use.

6.10.3 Document structure

A usage guide can be included as an annex of an AP. One or more usage guides can be published as separate
documents, in addition to or instead of such an annex.

6.10.4 Content

A usage guide may include its own information requirements and reference model, separate|from the
informatipn requirements and ARM of the AP. If so, the usage guide shall include a mapping of{itsinformation
requiremgnts and reference model to those of the AP. The mapping can be to the AP's ARM or AIM, or there
can be mgppings to both ARM and AIM.

Example product descriptions that are supported by the AP and the corresponding)AP exchangg files can
be includ¢d in a usage guide. If exchange files are included, the usage guide shouldexplain the primary data
structurep and the logic and meaning of the values used in the exchange file.

6.11 Conformance testing methodology and framework

6.11.1 Purpose

The confprmance testing methodology and framework of‘the ISO 10303 series provides the general
methodolpgy and requirements for the process of testingthe conformance of a product that|claims to
implemer]t an ISO 10303 series AP part. The goal of the méthodology and framework of conformanjce testing
is to ensufe:

— repedtability: test results are consistent whenever undertaken;
— complarability: test results are consistent-Wherever undertaken;

— auditpbility: test procedures can be“eonfirmed as having been correctly undertaken, follgwing the
testing, by review of record.

[SO 1030B-31 provides a framéwork and describes the general concepts for conformance festing of
implemerjtations of the ISO 10303 series.

6.11.2 Procedures for,eonformance testing

Conformdnce testingefan AP can be performed by applying the ATM for the chosen implementatiqn method
to the test cases ittthe ATS. The procedures for conformance testing are independent of the implementation
under test.

If a single|limplementation combines several APs, conformance testing is performed for each AP separately.

The ISO 10303 series includes parts that define the roles and responsibilities of the testing laboratory and
the client submitting an implementation for conformance testing.

6.11.3 Abstract test methods (ATMs)

The ISO 10303 series includes parts that specify an ATM for each implementation method. The ATM describes
how an implementation of an implementation method is tested, independent of:

— the specific implementation;

— the testing tools and procedures;

© IS0 2024 - All rights reserved

16


https://standardsiso.com/api/?name=b439a5f1396b4b6dc6eb0a121c809dd7

ISO 10303-1:2024(en)

— the specific AP under test.

6.12 Abstract test suites (ATSs)

An ATS contains the set of abstract test cases (ATCs) for an AP to support the conformance requirements.
Each ATC provides an implementation-independent specification of the actions required to evaluate part of
one or more conformance requirements.

Each conformance requirement corresponds to one or more ATCs, designed to satisfy one or more test
purposes. For each ATC, verdict criteria are generated from the conformance requirements to allow a
testing laboratory to assess the conformance of an implementation with respect to that test case. When a
conformance test based on an ATC, the resulting verdict indicates if the implementation meets one or more
conformafice TEqUITEMENTS.

7 Information object registration scheme

To provide unambiguous identification of schemas and other information objects iman open information
system, the ISO 10303 series shall employ the registration technique defined in ISQ/1EC 8824-1.

Unambigyous identification of this document is defined in Annex A.

This techhique identifies objects by their assignment to a tree structurecwhose root is "ISO". Eagh node in
the tree ig identified by a sequence of integers corresponding to the indexof the leaf under each ngde. Thus,
"ISO nnnyyn" is identified by the object identifier:

{10nnnnn}

EXAMPLE[l  ISO/TS 10303-442 MIM long form is identified as follows { 1 0 10303 44231 4}
The elemepts have the following meaning:

— theinjtial 1 indicates ISO;

— the 0 following it identifies the object as a standa¥d;

— the nymber following that is the number of'the standard.

ISO/IEC §824-1 also defines identifiefis to stand in the place of these numbers; “ISO” has the vdlue 1 and
“standard” has the value 0. For multi*part standards, the next number is required to be the part nymber.

For the purposes of identifying, information objects unambiguously within an open informatiopn system,
standard$ produced by ISOZTE 184/SC 4 adopt the convention that the value for ISO and the|value for
standard [shall not be included in the text of the standard for clarity. By convention, the value|following
the part pumber shall-be)the version number. By convention, the value of the version number of the first
edition sHall be 1. A draft document shall not be given its own unique version number. Thus, this locument
is identifipd by the object identifier:

{iso standard 10303 part(1) version(3) }

oo er—r

but the notation allows us to associate a term with this value, thereby providing some semantics. The
notation for values of this type is defined in ISO/IEC 8824-1, and the predefined assignments are specified in
ISO/IEC 8824-1.

Here, thelvaluesforiSO-and-standard-are-not-displayedi—thevalue-ofthepart-numberisgivenlexplicitly,

NOTE In the past, the value 0 for the version, was used to refer to documents at the Draft International Standard
(DIS) stage. This practice is no longer permitted. Instead, the value given for the version number of a draft document is
the version number that the document will have upon publication.
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EXAMPLE 2 IS0 10303-2033) edition 1 was published as an international standard in 1994. Technical corrigendum
(TC) 1 to edition 1 was published in 1996, and TC 2 was published in 1998. Amendment 1 was published in 2000, and
TC 3 was published in 2004. A new, modular version of the AP, [ISO/TS 10303-203 edition 1, was published in 2005. The
modular version was promoted to an International Standard, ISO 10303-203 edition 2, in 2011. The version numbers
under this scenario would be:

version 1: ISO 10303-203:1994;

version 2: ISO 10303-203:1994/Cor 1:1996;

version 3: ISO 10303-203:1994/Cor 2:1998;

version 4: 1SO 10303-203:1994/Amd 1:2000;

versidn 5: 150 10303-203:1994/Cor 3:200%;

versidn 6: ISO/TS 10303-203:2005;

versign 7: ISO 10303-203:2011.

For the purposes of identifying information objects unambiguously within an open’informatio
ISO/TC 184/SC 4 adopts the following conventions:

The v

the p

The type

hrt. One of the values defined in the Table 1 shall be used:

Table 1 — Information object type assignment

Type Object identified
EXPRESS schemall5]

XML schema definitiont?]

XML metadata interchange schema (XMI)[4]
XLSX (Office Open XML Spreadsheet(34]
JSON schemal85l

OWLI3¢)

Schématronl37]

N[V [ W[N| =

h system,

alue following the version number is used to identify the type of information object definfed within

bf information object shall be\"object” for the IRs and "schema" for all other type of docuiments.

The vplue following the objecttypeisaninteger thatidentifies the instance of the object type so |dentified.
Whetle applicable (AM for‘modular AP and Monolithic AP), one of the values defined in the Table 2 shall

be us

d:

[Fable 2 — Type assignment for monolithic AP and modular AP application modules

Type Object identified
1 ARM short form
2 AIM short form (for monolithic AP); MIM short form (for
modular AP)
3 ARM long form
AIM long form (for monolithic AP); MIM long form (for
modular AP);

3) Withdrawn standard.
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