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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
noi—governmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with the
Intgrnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization;

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Th¢ main task of technical committees is to prepare International Standards. Draft International|Standards
adogpted by the technical committees are circulated to the member bodies for woting. Publication as an
Int¢rnational Standard requires approval by at least 75 % of the member bodies \casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subje¢t of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

IS 15531-31 was prepared by Technical Committee ISO/TC\184, Industrial automation sygtems and
intg¢gration, Subcommittee SC 4, Industrial data.

— | A complete list of parts of ISO 15531 is available from the Internet at:

http://www.tc184-sc4.orghitles/MANDATE _titles.rtf
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Introduction

Resources

form the basis and technological foundation of any manufacturing system. The efficient use

of resources is the main goal of cost management which, in turn, directly contributes to market

SUCCESS.
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Resource
described
usage man

EXAMPLE

In this Inte

Spects ot the resources depend on the viewpoint being considered. 11e choice of a speciiic
way of reducing complexity.

future concepts for business process development and resource management require:

borated view of the complete set of business processes and the relevant- resource
bment activities;

brated resource management including interfaces to external manufacturing unit.

rnal-manufacturing unit may be for example suppliers or subsidiaries.

tributes and the required capabilities and capacities for manufacturing processes have to be
y data modelling, so that they can be communicated aridaised more efficiently for resource
hoement. The means of information representation should therefore be standardized.

resources attributes may be capability, capacity, and status.

Fnational Standard the only aspect under consideration is the management of resources usage.

The objectiive is to describe the resource management information to enable an unhindered flow of

informatio

h between all systems and humans’involved.

vi
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(E)

Industrial automation systems and integration —
Industrial manufacturing management data —

Part 31;

R

151
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The
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psource information model

Scope

ording to the scope ISO 15531-3X series that is reminded in annex‘A) of this document, I
31-31 is an introduction to the ISO 15531-3x series of part of ISO 15534. It describes the univg
discourse of this standard as well as the resources informatiomymodel. It provides the m
nciples used in this series of parts of ISO 15531.

following are within in the scope of this Part of ISO 15531

general overview of the parts 15531-3x series;

definitions of terms used;

fundamental principles used for conceptual model of resource usage management data;
description of the resources inforfnation model (RIM);

derivation process of identification and description of resources;

structure of the standard and relationships between this series of parts and the others serieg
parts the standard is-composed;

use of standaxd\(informative).

following/ are out of the scope of this part of ISO 15531:

detailed description of the resource information model;

rse
ain

of

EXPRESS description of the model and related entities;

definition of detailed level concepts and entities;

NOTE - Those three items are developed in the part 32 of ISO 15531 : Conceptual model for resources usage
management data.
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2.

Normative references

The following referenced documents are indispensable for the application 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.

IS

/[IEC 8824-1, Information technology — Abstract Svntax Notation One (ASN.1) — Par

Spé

IS
exd

IS(
exd

IS

exd

IS

exd

IS

ang
IS

IS(
da

cification of basic notation

D 10303-1, Industrial automation systems and integration — Product data represeutation g
hange — Part 1: Overview and fundamental principles

D 10303-11, Industrial automation systems and integration — Product data\representation
hange — Part 11: Description methods: The EXPRESS language reference manual

10303-41, Industrial automation systems and integration — Product data representation

hange — Part 41: Integrated generic resources: Fundamentals Of product description and supp

10303-49, Industrial automation systems and integration*— Product data representation {

hange — Part 49: Integrated generic resources: Process.structure and properties

13584-1, Industrial automation systems and integration — Parts library — Part 1: Overy

) fundamental principles
14258, Industrial automation systems”— Concepts and rules for enterprise models

D 15531-1, Industrial automation systems and integration — Industrial manufacturing managem
a — Part 1: General overviey

nd

nd

nd

brt

ind

iew

ent
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3. Terms, definitions, and abbreviations

3.1. Terms defined in ISO 10303-1

This part of ISO 15531 makes use of the following terms defined in ISO 10303-1:

—| conformance testing;
—| data;

—| data exchange;

— | information;

— | product;

— | product data.

3.2. Terms defined in ISO 10303-11

This part of ISO 15531 makes use of the following-terms defined in ISO 10303-11:

—| entity.

3.3. Terms defined in ISO 15531-1

This part of ISO 15531 makes use of the following termes defined in ISO 15531-1:

—| capability;
— | capacity;

— | construct;

— Clltclplibc Clltit_y,
— model ;

— process;

— resource;

— universe of discourse.

© ISO 2004 — All rights reserved 3
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3.4. Terms defined in ISO 14258
— enterprise;

— enterprise model;

3.5. Other definitions

Fof the purposes of this part of ISO 15531, the following definitions apply.

attribute
a pjece of information stating a property of an enterprise entity.

NQTE — The concept provided here to the broad concept of entity as defined in European standard ENV 123
Th¢ term entity used in the definition provided by the ENV 12204 has been replaced here by enterprise entit
in SO 15531-1 to avoid any confusion and inconsistency with the reserved tesm “entity” defined in ISO 103
Thg¢ usage of this concept has been limited to the area of concern of ISO 45531 in order to enable the use of]
terth “enterprise entity” instead of “entity”, and the field of application of the term attribute is restricte
enterprise entities.

04.
b as
03.
the
| to

ive

the| process of arranging abstractions into a structure organised according to their distinguishing

prdperties.

3.54
definition of resource characteristics
set|of resources.properties that are characterised by physical values.

NQTE - Thase physical values may be qualitative or quantitative.

3.55

definition of resource views
classified set of resource views.

NOTE - Those resource view may be defined either by the user or catalogues.

4 © ISO 2004 — All rights reserved
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3.5.6

generic resource
structure belonging to resource hierarchy and encompassing the common properties of several
resources.

NOTE - The corresponding entity generic resource includes a complete definition of the related attribute
without link to actual value.

3.57
object
corjcept or a physical thing which may exist in the real world.

3.58
operation
the|completion of an action or work element to realise a specific result.

3.59

order
a cpnstruct which represents the necessary input for a business process that co-ordinates and contfols
sorhe other business process or activity.

3.510

property
a r¢al world characteristic which is represented)by either attributes or constraints.

3.5111
reIurce characteristic

majn property of a resource agcording to a given purpose.

NQTE 1 - In ISO 15531 ré€source characteristics are mainly related to the management of the manufactufing
respurces.

3.512
resource configuration
set|of propetties of resource configured for a specific manufacturing task.

3.513
resource hierarchy

structure designed to enable a classification of resources.

3.5.14
resources information model (RIM)
model of information addressing management of resources usage.

© ISO 2004 — All rights reserved 5
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3.5.15
resource status
property which identifies an individual resource availability at some point in time.

3.5.16
resource view
specific set of resource characteristic associated to a given purpose.

3.5117
strpcture of resource characteristics
set|of classified resource characteristics.

3.4. Abbreviations

Fof the purpose of this part of ISO 15531, the following abbreviation applies.

RIM resources information model

4

Overview of resource management universe of discourse

This series of parts refers to the resource usage managefient. This clause then describes the univdrse
of fiscourses of resource management, while clause™$* describes the structures of the ISO 1553131
serjes of part and clause 6 provides the requiréments for resources management and the bgsic
prificiples of the Resource Information Model.

NQTE 1 The description of the universe of discourse of resource usage (see the definition of this term in |SO
FDIS 15531-1 clause 3-6-50) and requirements for a model of resource usage management data are different.
For example the universe of discourse of-resources may include their description or their maintenance procss,
while the usage management modeltmay not address this topics. The requirements for such a model will be
despribed in clause 6 of this standard:

Regources usage management includes resource configuration, capabilities and capacities as well as
opgration management,Zinstallation management and facilities management. It also includes quality
feafures, maintenancg features, and safety features.

NOTE 2 maintenance features are exclusively considered regarding the point of view of the resoyrce
mahagement.(e,g. availability).

Theedifferent aspects must be considered about the resources:

— their description, their usage and their maintenance;
— the description of the functionality a resource is able to provide, its capacity and capability;

— the information model used to trigger, estimate and monitor the resource.

6 © ISO 2004 — All rights reserved
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This series of parts clearly do not address the first item whether it is considered as raw material or
intermediate product. That means that ISO 15531-3x series of parts do not address resources in term of
product description as it could be made using ISO 10303. Resource information model described in
this part includes neither the modelling of the resource shape nor the description of its usage in the
meaning of its way of working (operations instructions).

NOTE 3 1ISO 15531 does not describe the way of working of a drilling machine excepted in term of capability
and capacity. The milling machine modelling in term of its component description is the domain of ISO 10303,
ISQ_13584 or "cutting tools" standards. ISO 15531-31 addresses only the management data of the milling
maghine.

The description of capacities and capabilities of the resources (the functionality) is modell¢d at a viery
generic level. That allows any modeller to use this generic model, eventually in conjunction with other
standards (e.g. ISO 10303, ISO 13584), to make up a more precise resource model aimed at a specjfic
industrial activity, or a specific function.
This series of parts of ISO 15531 deal with model, and attributes of data capable of being stored in] an

industrial company's resource database for the purpose of manufacturingZatanagement. They addiess
the| following data:

— | performance metrics;

—| input and output resources definition;

—| capacity and capability;

—| tools and application software needed in conjunction with specific activities;
—| capacity of internal controls and intelligence;

—| information input and output capability and capacity;

— | standard references for resources;

—| maintenance scheduling’and monitoring;

—| cost elements.

o

Structare of ISO 15531-3x series

ISOQ 45531-3x series of part on manufacturing resource usage management data is divided into three
parts. Although they are strongly connected and related, this series of parts address specific concerns
and are developed separately. A general overview provides principles and concepts to preserve
consistency and to describe the relationships between them.

The numbering of the standard is the following:

— ISO 15531-31: Resources information model basic principles;

© ISO 2004 — All rights reserved 7
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ISO 15531-32: Conceptual model for resources usage management data.

Some of the information to be represented in ISO 15531-2x series of parts comes from the outside of
the enterprise, and is used throughout the entire production cycle to be ultimately returned to the
environment. In any case, data exchanged during the production cycle are strongly related to system
management and to time and flow models as described. Part 31 describes the fundamental principles
and gives an overview of the 15531-3x series. Part 32 describes the conceptual model for resource
usage management data based on a special modelling concept and constructs and provides a resource

inf

EX

6.

Th
ang
des

prmation model (RIM). Part 33 describes the conformance testing procedure and results.

AMPLE — Environment includes suppliers, customers, subsidiaries, and others partners.

Fundamental principles

e conceptual model of resource management is a way for modelling resoirce management activi
the information required to perform these activities. Its objectiye\is’ to provide a method
cribing the usage management of resources in business processes and all related information.

Planning and managing resources relating business process to resource usage management require:

Co

NO

EX

a representation of the information needed by the business process;

a representation of the information about management activities necessary for planning
controlling the resources;

a representation of the resource information and attributes;

hceptual models of resource usage'management require:

the modelling elements;

for performing the r€source management activities.

TE - Modellinig’elements includes resources

AMPILLE~—. Machines, software, data set, human, information

lies
for

hind

the modelling of infermation needed for processes and information about the processes required

The following sections describe modelling concepts and constructs to represent these requirements and
provide an outline of the structure and elements of a resource information model, which enable
resource usage management.
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6.1. Modelling Concept and Constructs

The representation of manufacturing business processes and related complex structures in a model
requires a modelling language, which adequately represents the information, attributes, structures and
processes needed for resource management.

A business activity is a purpose-driven change of one or more objects. These changes require direct or
indirect planning and scheduling and are executed by resources, which own the needed capability.

Obje which—are—transformed—by—a—resouree—are—obie of—the—sener asses—prody Preduct
Depelopment, Production,...), Order (Order Processing, Order Decomposition,...), Resource (Resoyrce
anning, Resource Management, Maintenance,..) or their respective subclasses. An order, électrgnic
soffware or human control does ordering and controlling resources.

The enabling information for a resource to execute the transformation is part of the resource
degcription [3].

Ea¢h resource within a business process can be considered in the following manner (see Figurel):

— | the first stage is the description of the object(s) (material or infermation, orders, products or other
resources) to be transformed within the resource;

— | the second stage describes the transformation during which-the task itself is achieved;

°®

—| the third stage is of the description of the object(s);which have been transformed by the resourd

1 STAGE 2" STAGE 3" STAGE

Object to be Order initiate Object are
Transformed the execution transformed
(Prpduct, Order or (Product, Order o}
Rgsource) * Resource

Object ACTION Object
(Status n) (Status nt1)

Resource
Executes

- physical

- informational

Figure 1 - Model for representation of business processes and structures [1]

© ISO 2004 — All rights reserved 9


https://standardsiso.com/api/?name=40db4b493c9daf21a1e4129c2c5452aa

ISO 15531-31:2004(E)
6.2. Object and Resource Change State Sections

6.2.1 Input Section

Objects are subject to constraints prior to transformation. The input section, before transformation
occurs, defines the format of object entries.

NOFE—Hsually—thereis-more-thanone-possibiity-aceepted-by-therese Hree-aRe—aS-a-+esy he-definition the
constraints and attributes will be a list or a generic definition.

6.212 Transformation Section

This section represents the transformation capabilities and the capacity the resourceis able to provide
to the outside.

6.2l3 Output Section

Objects released from the resource are also subject to constidints. The output section relgtes
trapsformed objects is defining under which form and with which' support, the objects have to lepve
the|resource (see 6.2.1 Input Section).

Representing the related and affected processes of\résource usage management with the abpve
dedcribed concept and constructs leads to the elementsof a Resource Information Model enabling aind
sufjporting resource usage management.

6.214 Resource Information Model (RIM)

A |complete representation of manufacturing resources, e.g. shape aspects, is not within scopd of
ISP15531-3X series. Only data~relevant for decision-making regarding to the usage of resources, ¢.g.
within process planning or job scheduling, are considered. In order to meet all tasks, the informafion
mogdel is structured in a niodular way (see Figure 2).

The entity resourCe forms the central element within the schema. Each further description
clapsifying or defailing a resource’s characteristics is related to resource. The schema’s entities fan
be plustered intg-logical units including:

—|resoeuree hierarchy ;

— SIITCTUTE Of TeSOUTCE CHAracterisStcs |
—resource status;
— definition of resource views ;

— definition of resource characteristics

10 © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=40db4b493c9daf21a1e4129c2c5452aa

ISO 15531-31:2004(E)

— resource configuration.

“A resource hierarchy can be represented by instantiating a resource group. A generic resource
captures generic characteristics of a resource type. A specific resource is the specialisation of a generic
resource and captures a set of characteristics which represent a resource which can or does exist. The
individual resource represents the occurrences of manufacturing resources within the business.

For resource usage management purposes a resource characteristic comprises information about a
respurce. 1 e asSIgNIEIt Of @ TESOUTTE CATACIETISC CIasSTCation to @ TeSOUTCE CHATacteristic ematles
thig information to be distinguished into:

Definition of Resource Characteristics

Qualitative Value Quantitative Value

Value Representation |

Definition of R
Resource Views Structure of Resource Characteristics esource
status
User-defined
View Resource Resource Resource Resource
Administration Constitution Capability Capacity
Tabular
Layout of Characteristic Groups
Article
Characteristic
R Resource
esource

Configuration

Resource Hierarchy

Resource Generic Specific Individual
Group Resource Resource Resource

rigure Z - Structure ol resource miormation model [J]

— resource_ administration ;

— resource capability ;

— resource constitution;

© ISO 2004 — All rights reserved 11
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resource capacity.

A resource administration represents a group of characteristics describing administrative
information on manufacturing resources.

EXAMPLE 1: the fact that a machine is available or not, that it shall be stopped for maintenance, or send to
another plant may be resource_administration information.

un
maj

Ics

EX
mo

A

re

either be represented by a resource tabular ¥ayout of article characteristic,

reg

Re
gerl
spe
of

baf
by
A

re
res
the

NO
act

A (t:esourcecapability defines a group of characteristics specifying manufacturing resdui

er functional aspects. In particular this comprises the specification of resource=spec
hufacturing processes.

resource constitution represents a group of characteristics describing the. constitution|
hufacturing resources.

resource capacity defines a group of characteristics dealing withyjob scheduling rela
purce data

AMPLE 2 The workload an individual resource is able to/provide. ISO 15531-1 provides s
‘e explanation on capability and capacity concepts in its annex B.

definition of a resource view is derivedy> by a specific aggregation
bource characteristics. A resource view isgassigned to a generic resource and

arding to DIN 4000, or by a resource user d&fined view.

presenting a resource hierarchy and defining a resource view form the first instantiation level of
eric model. A partial model has to be.derived in order to configure the model regarding to u

h resource_ view generate it. The-actual instantiation of the model with physical resource dat
ed on the partial model. Physical values of manufacturing resource characteristics are represen
resource representaton which can either be qualitative or quantitative values.
resource status is assigned to each individual resource. A status is defined b
source status ype which provides feedback information on the state of manufactuy
burces. Moreover-asresource status has a time reference to date which is represented
date time schéma of [SO10303-41.

TE In<an '0ther way resource status provides information on the availability of the resource for a fu
vitycasc@result and consolidation of other definition relevant for the describing this availability.

ces
ific

of

ted

me

of
can
Q.

the
er-

cific demands. Instantiating resouxse group and generic resource, including the definition

h 1S
ted
/ a
ing
| in

ure

EXAMPLE Resource administration describe any information that may contribute to define the administrative
availability of the resource such approval of its usage, maintenance planning,... These information contribute
with other ones to determine the status of the resource.

12
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7. Relation to ISO 15531-2x series and ISO 15531-4x series

Some of the information to be represented in the ISO 15531-3x series comes from the environment of
the enterprise addressed by ISO 15531-21 and is linked to information represented in resource
characteristics.

EXAMPLE - Information exchanged with suppliers on resource maintenance, with customers or suppliers on
resource administration.

Dafa exchanges during the production cycle are strongly related to system management and {0 tjme
and flow models addressed by ISO 15531-4x series of parts. Direct linkages from the )Resource
Infprmation Model of ISO 15531-32 to resource status and time schemas in ISO 1553]1~4x serieq of
patfts are established.

In that way, information on internal system management as described in ISO 1583 1-4x series of pafts,
infprmation on resources usage management, as in the parts of ISO 15531-3x series as well as thos¢ to
be pxchanged outside of the company (part ISO 15531-21), are fully consistent.

© ISO 2004 — All rights reserved 13
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Annex A
(normative)
ASN.1 Identifier of ISO 15531-31

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

iso standard 15531 part 31 version 1

is gssigned to this part of ISO 15531. The meaning of this value is defined in TSO/IEC 8824-1 and is
degcribed in ISO 15531-1.
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Annex B
(normative)
Scope of ISO 15531-3x series

The scope of ISO 15531-3X series of ISO 15531 is to develop the models, and attributes capable of
residing in an industrial manufacturing company’s resource database which are to be used by

mahufacturing management for the purpose of resource usage management.

The¢

following are within the scope of ISO 15531-3x series:

—[the representation of resources information including capacity, monitoring, maintgnance constrajnts

ang

control ;

—|the exchange and sharing of resource information including storingCtransferring, accessing and

archiving.

The following are outside the scope of ISO 15531-3x series:

representation and exchange of product information;
representation and exchange of computer-interpretable parts library information;
electronic representation for exchange oficutting tool data;

technical maintenance informatioh such as those included in devices repair,

maintenance manuals

operation and

© ISO 2004 — All rights reserved
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Dufing manufacturing processes, people use data defined by.the designers, and they do not have
efine work already done. Raw material, or intermediate products, clearly product-related, are within
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Annex C
(informative)

Relation of ISO 15531-3x series of parts with other related standards

1 Relation to other standards

propriate related standards as well as standardisation efforts have been consideréd, in this standa
it concerns ISO 10303, ISO 13584, EDIFACT, and standards or efforts d€aling with enterp
delling such as ISO FDIS 14258, CEN/CENELEC ENV 40003, CEN/CENELEC ENV 122
ve also been taken in account works in progress within the ISO FC184/SC5/WG1 and C
310/WGI, as well as other related standardisation work such as¢work in progress in the I
P9/WG34 on "Cutting tools" data exchange. ISO 15531-3x seriés) of parts supports this relg
(k.

scope of ISO 10303. These items are out of the scope of ISO 15531-3x series. Some data ab
hponents has to be exchanged during the production process inside the factory and/or outside
tory (i.e. through the purchasing department)This is within the scope of ISO 13584. Moreo
hy other kinds of data, which are defined™in other standardisation group are used, shared
hanged during the production process inside the company.

AMPLE - Work in progress in ISO TC29/WG34 on "Cutting Tools" (ISO 13399 Cutting tool representa
exchange), ISO TC184 SC1/WG7 (ISO 14649 Data model for CNC controllers).

models, constructs and-'data representations provided by 15531-3x series are checked to
sistent with those provided by ISO 10303 and ISO 13584 in order to make integration|
hufacturing easier and-to ensure interoperability all over the production process. This means
ticular, that this¢stafidards using EXPRESS language, is fully compliant with the ISO 10]
hitecture.

ird.

rise

EN
SO
ted

to

out
the
ver
or

ion

be
in
in
803

reover, resource usage management will be one of the tools of the manufacturing integra

12]

04).

ion

cess and-is checked to be compliant with upper level integration tools such as those developed in
field of Enterprise Modelling by the ISO TC184/SC5/WG1 (ISO 14258) CEN TC 310 WG1 (ENV

Specific portions of the 15531-3x series address aspects that may be different from that adopted in
other standards. ISO 15531-3x series of parts may use enterprise entity that are required for the
optimal description of information and processes and may be proposed as "common resources” to ISO

TC

184/SC4:

— Most of the time, parts lists are re-built by the manufacturing management. This is due to the top-
down approach of the design function, from the whole product to assemblies and spare parts,

16
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while manufacturing management has a bottom-up approach, based on production in pulled flow

which takes a given level of inventories and resources availability into account.

— The process plan is a specific way to use ISO 10303 to define products undergoing transformation

Ex
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cofj
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neq

Th
cof
to

ori

during manufacturing. The link with the product to be made (thus with ISO 10303) is obvious (

S€C

ISO 10303-49). Available resources and tools, and their capabilities and capacities are integrally

linked and therefore common to both activities.

cept for very specific cases of prototypes, or unique parts, most of the data used(duj
hufacturing cannot be defined at the product design stage, because the data is determined
ations evolving with time, and also by variable characteristics and capabilities.

D 10303, and ISO 15531-3x series assesses items common to both in differént ways and fi
ferent viewpoints. As a result, the ISO 15531-3x series, Enterprise Modellifxg-standards and |

brts and a need for close co-ordination.

e following are specific references and relationships:

ISO 13399 can be used for the initial parts of ISO 15531-32,
ISO 10303 (AP 214 and AP 224 ) could reference entities of [SO 15531-32,

ISO 14649 could reference to ISO 15531-32 entities.

2 Use of the standard

s standard will pay special attention to the description of the resource usage management, and
figuration of resources. Selection.of resource activities would use the data that are described by
p modelling method presented: by this standard. The resource manager has to be supplied with|

b above-described-model serves as a basis for a standard but is shown in only two dimensiong
responds to only/one aspect, resource usage management. By building a generic schema dedic4

ented standards or application protocols can be developed.

ing
by

om
SO

29 standards do not overlap. There is a very strong relationship between“these standardisation

the
the
all

essary information at all(times to fulfil its tasks. The standard is allows access to this information
undler a standardised forntindependent of the kind of resources or processes.

It
ted

pecific viewpoints such as cost elements, maintenance, and quality, a specialised set of applicafion
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Annex D
(informative)
Systems, resources, capability, capacity and time

The annex C of ISO 15531-1 provides some guidance on the usage of the terms capability and

Ca

close way from which ISO 15531 does (Annex F of ISO/IEC 62264-1 has been builddon
pripciples adopted by MANDATE), in order to increase the self understanding of the’standard
whple annex of ISO/IEC 62264 has been reproduced below and slightly adapted” to impr
cofjfformance to SC4 directives.

D1 Introduction

Th¢ “General System theory” has been built up in 1937 by Ludwig”Von Bertalanffy although
corjcept of isolated (or closed) systems has been implicitly or,€xplicitly used in mechanics, phys
chgmical sciences for centuries. Star and planet movements are all explained first from isolg
system models, as well as the atomic model and Schrodinger equations. It is the same for the sec
prihciple of thermodynamics, or black box temperature There are many other examples.

The “General system theory” is, implicitly or explicitly, the back-ground of the analysis or desigr
complex systems or entities in biology, physical sciences or chemical sciences, in cybernet]
engineer sciences, economy, quality (ISO 9000 standard are based on the systemic approa
organisation sciences, business re-engingering, electronics, and computer sciences.

H

m
bi

“General System Fheory” is also the implicit or explicit background of most analysis, design
modelling metheds such as IDEF0, Merise, etc, and also of object oriented methods or langua
(especially UML).

Therefore this annex, after a short reminder of “System theory” concepts, provides an overview

exf]m’mﬁnn on the cancepts of r‘npm‘itv and (‘npnhi]itv in relation to system theory and to rel

S 62264-1. Since this annex describe systems, resources, capability, capacity and time in-a

agement and in various” disciplines. A selection of the major publications are listed in

iography.

lfdred of books have beenvwritten about “general system theory” and its use in complex

EC

the
ics,
ted

nd

of
ics,
h),

ity
the

hind
oes

hind

ted

manufacturing standards that already exist or are in progress.

D.2 Definition of a system

Three types of definition are provided below:

18
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D.2.1 From Larousse encyclopadia

There is more then height definitions of system in this kind of encyclopaedia, the following has been
chosen for their closeness with the domain of manufacturing;:

— Complex of organised elements, considered from the point of view of their relations inside a
whole that works in an unitary manner.

—| Set of means arranged to achieve a given purpose.

— | Equipment, arrangement built up from various elements, that achieve a given function.

D.2.2 From “General System theory” specialists

The¢ background definition is that of Ludwig Von Bertalanffy, the other are inferred to be closer of
organisations, manufactory, or enterprises:

— | Complex of elements that are in interrelations (Ludwig Von Bertalanffy, see [1])

— | Set of elements in dynamic interrelation that are organiséd for a given purpose (J. de Roshay
mentioned by C.W. Churchman, see)

—| Set of parts that are co-ordinated to fulfil a collectioirof objectives (C. West Churchman)

NQTE Complex has to be understood as a set of several elements (very often a lot) in contrast with a singple
element

D.2.3 From standards

—| A collection of real-world(itéms organised for a given purpose (ISO 15704)

Fof this annex we keeptheast definition.
D.B Some definitions related to “System Theory”

D.B.1 Definitions of “Universe of discourse”

TheTolTowing definitions are extracted from standards
— All those of real-world objects that are of potential interest. (ISO 10303-12)

— The collection of concrete or abstract things that belong to an area of the real-world, selected
according to its interest for the system. (Adapted from [SO 15531-1)

— The collection of entities that ever have been, are, or ever will be in a selected portion of real-word
or postulated world of interest that being described by the model (CEN ENV 12204)

© ISO 2004 — All rights reserved 19
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The three definitions are quite identical. In particular the ISO 15531-1 definition is already adapted
from the third to take into account the fact that ISO 15531 refers to ISO 10303 whereas the term
“entity” does not address in ISO 10303 the same concept as in CEN ENV 12204. Another point is
that the first two definitions seem not to address what is called “postulated world” in the third
definition. In fact the precision provided in the third definition is important to emphasise that
modelling is used for expected systems as well as for existing systems . Nevertheless during the
development of a new system the real-world includes both actually existing things and those things

thaf are expected to become part of the real-world a soon as the new system turns to be operational.

The second definition (and the third) emphasises the fact that the universe of discourse is the resulf of
a vpluntary action of selection from the modeller or the developer.

D.3.2 Definitions of “Environment” of a system

The following definition are the most often used:
—| All those universes of discourse that do not belong to the system itself

—| The part of the real world that is outside the system and ‘which consequently can not be totally
controlled by the system (or its control system)

—| The part of the real-world that the system can not:€ontrol, but which may have an impact on if or
that the system may itself impact or transform (including the result of this transformation).

NQTE System Theory specialists often use the tetm “driving system” instead of “control system”

The first definition is the simplest one: The two others emphasise the fact that the environment may
haye an impact on it (see later th&notion of constraints) and the system itself may have an impact on
its pnvironment in particular by the transformation of a part of it (e.g. transformation of raw matetial,
and/or component into products and/or other components). See open system.

D.3.3 Definition of an “isolated system” (“closed system”)
—| A system that is supposed to not have any interaction with its environment.

The term._“isolated” instead of “closed” is coming from physical sciences. In fact, a totally isolqted
system ‘is' a pure abstraction without any actual existence (i.e. such a system can not be observed.

N\, Ul’t}lb}bbb t}lib UUllbbpt Uf iDU‘Ldt\/d Dy Dtblll iD t}lb DUIJIJUL“I: Uf ulauy 1uudulo ill l_}}ly oiual Dbibllbbb D.lch
as, the black object theory, the second principle of thermodynamics, the quantum model of the atom
(Schrodinger equations), the star and planets mechanics, etc.
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D.3.4 Definition of an open system

(E)

— A system that undergoes the impact of its environment through constraints and act on the

environment by modifying it (transformation of inputs into outputs).

The only systems that have any interest for an enterprise, or in manufacturing are the open systems.

Obviously production, manufacturing systems do not have any significance if they are not open

8y

COf1

Th

D.

A S

thaf may be:

EX

.3.5 Objectives, purpose, constraints

sider as implicit for our purpose.

e following definitions are also used in system theory:
A system is subject to constraints from its environment (except isolated §ystems).

Furthermore, any system is endowed with a purpose (ISO 15704, definition) or mission. T
purpose is most often transformed into objectives

Those objectives may be provided internally (e.g. by the'decisional sub-system) or imposed|

the environment (or both). Either way, from the moment they are defined and formulated, t
become data on which the system has no control. They are part of the constraints.

4 Elements (components) of a system

ystem is generally (from the highest to the’'most elementary level) composed of numerous elemg

Its resources

Other sub-systems that mdy be of different types and may themselves include other sub-systg
for which the upper level system become the environment

The relations between sub-systems

AMPDE": Physical (or operational) system, driving system, decisional system, information system, con

emi,)purchasing system, maintenance system, regulation system.

tem Isolated system can not have any prndn(‘ﬁnn We will now omit the term “npen” that we will

his

by
ey

nts

ms

itrol

sys

Two sub-system are required:

The physical (or operational) system

The driving system (the driver)
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Any system or sub-system is strictly obliged to include, till the elementary level, at least a physical
system and a driving system (some time called operated and operating system).

Each of these physical and driving systems may themselves be eventually decomposed into another
physical and driving system,...

At the lowest level of decomposition (elementary level) the physical system includes the operational

respurees—nee dad for tha achiaovammant ~Ff tho antivityy anpmoaqrand o d tho derving oxzotanma 1l daoc the
SpHfreesSHeeaeator—ntacneveehtor—tntactH vty coheerieaahatne—artvii g Sy Ssteiheriaes

respurce dedicated to control and monitor the physical system

EXJAMPLE: For a given level of detailing and some given choices of modelling, a milling machine may be
corfsidered as the physical system and its operator as the driving system of a milling system, Other modelling

chdices and level of detail may be envisioned.
D.S Schema of a production system and mapping to IDEFO.

D.p.1 Schema of a production system

Sustained )
us am_e Prescribed
constraints .
constraints
Control system f >
Rajw material
Products
Physical (operational) system : >
C t
omponents Transformed
componentp

Figure D.1: Production or manufacturing system

Unlder the control of the control system, the resources transform raw material and/or components 1Int0

ne hUlllPUllCllLD auu UL Lllllbllcu PLUUUL/I.D

NOTE On “Control system” and “driving system” see note of clause D.3.2

A production system is then characterised by a set of activities that are performed on its environment
by its resources (that are themselves controlled by the driving system) in order to transform this
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