INTERNATIONAL ISO
STANDARD 16300-2

First edition
2019-04

Automation systems and

integration — Interoperability o
capability units for manufacturing
application solutions —

Part 2:
Capability templates and software unit
cataloguing

)

Systemes d'automatisation et intégration — Interopérabilité des
unités de cdpacité pour les solutions d'applications industrfelles —

Partie 2:=-Modeéles de capacités et cataloguage des unités logicielles

Reference number
ISO 16300-2:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=837459883eba2e0c38feca3196b1f2c6

ISO 16300-2:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=837459883eba2e0c38feca3196b1f2c6

1SO 16300-2:2019(E)

Contents

Page
FOT@WOIM ...ttt ettt iv
3 L 010 L0 ot 0 T \'4
1 S0P ... 1
2 L0 00 B T AT o <Y (=) =) 4 o = 1
3 Terms and AefiNTTIONIS ...............ooooo oo 1
4 Bverviewof softwareuniteataleghe————————

An
Bib

4.1 Capability profiling defined in the ISO 16100 series...
4.2 Objectives of the software unit catalogue.............ciiiicien

Software unit catalogue and software capability description dictionary

Procedure for software unit cataloguing ... 0N
6.1 Overall procedure of software unit cataloguing.......
6.2 Capability profiling using software unit catalogue..

ex A (informative) Capability element template................ccccccoe e Gy

L0 03 01 1] 1= S

© IS0 2019 - All rights reserved

iii


https://standardsiso.com/api/?name=837459883eba2e0c38feca3196b1f2c6

ISO 1630

0-2:2019(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The ISO 16300 series addresses requirements of users and suppliers of manufacturing software
regarding the interoperability of software in the area of industrial automation.

User interoperability requirements include:

— integrating an automation application system by combining capabilities of a set of software

components provided by various sources;
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validating and verifying the capability of a software unit to meet the automation applicat
requirements.

representing the set of capabilities provided by a software component used in a softwar

cataloguing a software unitin terms of its capability for interopetability in an automation
system to support wide distribution.

[SO 16300 series also addresses software interoperabijlity services, which include:
access to the description of a software capability to*enable interoperability assessment;

enabling the search and location of candidate software units and components,
automatically, using search engines;

representing the dependencies between-software components for an automation applica
on a particular system platform.

ware capability is first defined as a‘set of functions and services with a set of criteria for]

 and what it can do. The ISO 16100 series, which deals with manufacturing software
filing for interoperability, was developed with the aim of providing a standardized method
hbilities of manufacturing software in terms of the Manufacturing Software Unit (MSU]
file. In the ISO 16100 series, the software component is included in the MSU. The ISO 16100
vides a way to exeharige an MSU’s capability as information by means of a capability profil
hbility profiling is’the basis for providing the above-mentioned software interoperabilit
[SO 16100 seri€s is used and applied as the foundation for the ISO 16300 series.

bstablishithe ISO 16300 series, a number of steps were required. The initial step s

verifying software component capability as a part of a required software unit capabilityf;

her platform;

ion system

e unit;
’

hpplication

preferably

fion hosted

evaluating

performance of a capability provider. It is then expressed and represented as facts about thie software,

capability
to describe
capability
series also
b, Software
y services.

hows what

roperability services are enabled by using software capability profiles. The subse

elopiconcrete methods and mechanisms to provide these interoperability services. The resulting

cFent steps

hutfrom I1SO 16300 is divided into the Fn]]nwing parts

— ISO 16300-1 specifies a framework for describing an automation solution in terms of a set of

©IS

capabilities provided by a set of MSUs. The framework also defines a set of capability elements
and composition rules to represent the interoperability criteria in terms of the automation system
capability requirements of an enterprise application.

This document (ISO 16300-2) specifies the template definition to describe the capability of a
software unit of an automation solution that can be mapped to the functional requirements of a
target manufacturing application. This document also specifies mapping rules for composing the
contents of a software unit catalogue item in terms of the properties of the capability.

[SO 16300-3 specifies the framework for verifying interoperability of capability units associated
with application requirements and system solutions.

02019 - All rights reserved
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— IS0 16300-4 specifies the search methodology for acquiring candidate capability units which satisfy
the manufacturing application requirements from the software unit catalogues. It also describes
the structure of the report.
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Automation systems and integration — Interoperability of
capability units for manufacturing application solutions —

Part 2:

Capability templates and software unit cataloguing

1 (Scope

Thif document specifies a set of template definitions to describe the capability.ofia softwjare unit of
an automation solution that can be mapped to the functional requirements of(atarget marufacturing
appllication.

Thip document specifies how to develop and manage a software unit catalogue in terms of capability
properties and defines mapping rules from capability profiles to a software unit catalogue.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated*teferences, only the edition cited gpplies. For
undated references, the latest edition of the reference@document (including any amendmengs) applies.
[SO[16100-1:2009, Industrial automation systemssand integration — Manufacturing softwar¢ capability
profiling for interoperability — Part 1: Framewark

[SO| 16100-2, Industrial automation systems and integration — Manufacturing softward capability
profiling for interoperability — Part 2: Profiling methodology

[SO| 16100-3, Industrial automation”systems and integration — Manufacturing softward capability
profiling for interoperability — Rart 3: Interface services, protocols and capability templates
[S0|16100-5:2009, Industrial)automation systems and integration — Manufacturing softwar¢ capability
profiling for interoperability — Part 5: Methodology for profile matching using multiple capqbility class
stryctures

[SO|16100-6:2018Industrial automation systems and integration — Manufacturing softwar¢ capability
profiling for interoperability — Part 6: Interface services and protocols for matching profilds based on
multiple cap@bility class structures

1SO|16300-3, Automation systems and integration — Interoperability of capability units for mapufacturing
application solutions — Part 3: Verification and validation of interoperability among capability units

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16100-1, ISO 16100-6 and

ISO

16300-3 and the following apply.

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

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved
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31
capability

<software> set of functions and services with a set of criteria for evaluating the performance of a
capability provider

Note 1 to entry: This definition differs from that given in ISO 15531-1 and ISO 19439, where capability is defined
as the quality of being able to perform a given activity. See IEC 62264-1 for a general definition of capability.

[SOURCE: 1
3.2

SO 16100-1:2009, 3.4]

capabilityfprofite

instance o
software u

[SOURCE: ]

3.3

capability
selection o
framework

[SOURCE: I

34
capability|

!

a capability template (3.6) filled with the values corresponding to the target manufactu
it (3.8)
SO 16300-1:2018, 3.4]

profiling
[ a set of offered services defined by a particular interface within a s¢ftware interoperab

SO 16100-1:20009, 3.5]

class

element w
software

3.5
capability
CCs

hin the capability profiling (3.3) method that represents capabilities (3.1) with regard to
it’s role in a manufacturing activity

class structure

hierarchy

f capability classes (3.4)

Note 1 to enftry: This structure is intended for modelling capability aggregation hierarchies in the target dom|

of ISO 1610
[SOURCE: 1
3.6

capability
template

-1:2009, Figure 2.

SO 16100-6:2018, 3.2, modified — The abbreviated term "CCS" has been added.]

template

schema representing a egpability class (3.4)

[SOURCE: 1

3.7
capability

SO 16300-1:2018, 3.6]

template repository

ring

lity

the

hins

database t

3.8

= Joglde R L cpde L2
SLUTT LUDUUIIILY LCITIPIULTS (D.U ]

manufacturing software unit

MSU

class of software resource, consisting of one or more manufacturing software components, performing
a definite function or role within a manufacturing activity while supporting a common information
exchange mechanism with other units

Note 1 to entry: A software unit can be modelled using UML as a software object.

Note 2 to entry: In this document, “capability unit” stands for “manufacturing software unit (MSU)".

© ISO 2019 - All rights reserved
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[SOURCE: ISO 16100-1:2009, 3.18, modified — The abbreviated term "MSU" has been added
to entry has been added.]

3.9
manufacturing domain data
MDD

and Note 2

information about manufacturing resources, manufacturing activities, or items exchanged among

manufacturing resources within a particular manufacturing domain

3.10
capability element

elethent used to indicate that a particular capability (3.1) is supported by the entity or maq
software unit (3.8) to which the element belongs

[SOPURCE: ISO 16300-1:2018, 3.3]

3.11
mahufacturing domain model

wufacturing

particular view of a manufacturing domain, consisting of manufacturing domain datad| (3.9) and

collection of manufacturing domain data (3.9) in capability elements (3.10) to describe the capability

collection of capability profiles (3.2) using.the same capability template (3.6) representing ope or more

MSU provider

entity that provides:the manufacturing software units (3.8) which are registered in the software unit

catglogue (3.13)

4 |Overyview of software unit catalogue

4.1{ “Capability profiling defined in the ISO 16100 series

According to ISO 16100-5, the following four templates are used in MSU capability profiling when there

are multiple capability class structures:

— the capability class structure (CCS) template (see ISO 16100-5:2009, 6.2);

— the capability template (see ISO 16100-5:2009, 6.3);

— the manufacturing domain model (MDM) template (see ISO 16100-5:2009, 6.4);
— the manufacturing domain data (MDD) template (see ISO 16100-5:2009, 6.5).

© IS0 2019 - All rights reserved
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Figure 1 shows the relationship between MDM, MDD (including its relationship with other MDDs),

capability

class, capability template, capability profile and MSU.

— MDM is a particular view of the specific manufacturing domain, consisting of MDDs and their
relationships.

— MDD represents the following items:

— manufacturing resources (e.g. MSU, equipment, automation devices, personnel, material, work-
in process inventory);

— m

— m

£ s 3 L 3 fizziis )
TTOTACTOUT TITS PT OCCSSCS(Crg U P CT atIoOTr S at trv ITICST,

quality data);

— Tre

flqw, network configuration, work flow).

— The capability class shall be a capability externally represented as a capability template.

— Thec

ability profile shall be an instance of a capability template filled with the concrete va

corresponding to the target MSU.

— There

re, the capability of MSU is described by MDDs in the capability template.

MDM of the specific manufacturing domain

1

o cantains

MDD in specificmantfacturing domain

- apreferredname

- anidentifier

- adefinition(s)

- terms,or abbreviations ...

| 1.

2>1

inufacturing information exchanged (e.g. product data, recipe, manufacturing* data,

ationships existing between the resources, processes and information exchanged (e.g. data

ues

“ Capalpility Class rep'reexst:;?;tlion Capability Template Capability Profile MSU
) { ! ]1 1.%
0.1
Figure 1-— Relationship hetween MDM, MDD rapahilify template and rapahilify profile

Figure 2 shows an example of capability profiling for MSU using MDD. In Figure 2, MSU (x) and MSU
(y) of MSU provider A and MSU provider B are profiled using the same capability template using MDD.
Therefore, there exists only one profile for each MSU and this provides the manufacturing software
reusability and the interoperability of the application integrated through the selected MSUs.

© ISO 2019 - All rights rese
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MDM for A & B

Activity Tree Activity Tree
for MSU provider A for MSU provider B

Zo " g

MDDs (fo¥4 & B)

Capability template ] Capability tefmplate \|

o )

’_ﬁ ; I}}
\‘v
MSU Profile ( x) by A MSU Profile (y) by B JJ

Figure 2 — Capability profiling using MDD

4.2] Objectives of the software umnit catalogue

Even if MDD-based capability profiling provides the manufacturing software reusability and the
intgroperability of the applications, inconsistent capability profiling for the same MSU can still exist.

re 3 shows an example'ef the inconsistent capability profiling of MSU (x) where capability template
Cx provided by MSU proewvider C resides in a different place from MDM of MSU provider A and MSU

In Higure 3, different capability templates ABx and Cx are used to profile MSU (x) that providg¢s the same
cappbility, and\this results in different profiles for the same capability.

Caplability \template ABx for MSU (x) provides the manufacturing software reusabilify and the
intgroperability of the applications in MDM for only MSU provider A and MSU proyider B, as
expllained in 4.1.

Considering MSU provider C, there are different capability templates for the capability [MSU (x)] and
this can break the rule of only one profile for the same capability.

The objectives of the software unit catalogue are:
— to enhance the manufacturing software reusability and the interoperability of the applications;

— to provide a mechanism for creating one capability profile of the same MSUs on the same
manufacturing activity in the activity tree using the same capability template.

© IS0 2019 - All rights reserved 5
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4 N (
MDM for A & B MDM for C
Activity Tree Activity Tree Activity Tree
for MSU provider A for MSU provider B for MSU provider C
S| MDDs (forA& B) ’ :MDDs (for C)
. ,. . D
Capability template Capability template Capabilitytemplate
(ABx) (ABy) (Cx)
N .o
u C JJ rﬁ
MEU Profile ( x) by A MSU Profile (y) by B 'MSU Profile ( x) by C
Figure 3 — Inconsistent profilingfor the capability MSU (x)
For these gbjectives, this document defines a software capability description dictionary for capab

elements tp describe the capability of softwar€ in Figure 4.

lity

© ISO 2019 - All rights reserved
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s A s )
MDM for A & B MDM for C
Activity Tree Activity Tree Activity Tree
for MSU provider A for MSU provider B for MSU provider C

MDDs (for A & B)

Capability Elements (for A,Band C )

Capability Template Capability Template é) Capability Template
(ABx) (ABCx2) o N\ (2
\ Q (©) N Y
MSU Profile ( x) by A MSU Profile {{QY\K MSU Profile ( z) by C
\\
MSU Profile ( x) by B MSU Prom@o by B
MSL,@‘o(ﬁle @) byC
@oftware Unit
\e' Catalogue

O
Figure 4 — Concept o&;}tware capability description dictionary
N
The software capability descrip 'o’ns)ictionary shall provide the mutual understanding of th¢ semantics
of ¢apability templates that be understood by referencing the different sources of| capability

elemments. This can be done roviding the reference to the target capability element wheie all terms
necpssary for understan&'bn he semantics of the capability template are defined.

o

N\
5 |Software u@.&atalogue and software capability description dictionar

Theg relatio Qp between the software unit catalogue and the software capability Iescription
dicfionary are shown in Figure 5. The software unit catalogue shall be coded using the ¢oncepts in
the|sof e capability description dictionary and shall conform to the constraints in thq capability
tenyplates of ISO 16100-2, ISO 16100-3 and ISO 16100-5. The reference dictionary name in the common
parko ate he filled with information of the sa are capability de i 'Ctionary,

© IS0 2019 - All rights reserved 7
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MDM

contains

Software Capability
Description Dictionary

Software Unit Catalogue

b

Capability Class Structure

1 1

contains

1.%

Capability Profile

refer

MDD

Figure 5 — Relationship between software unit catalogue and, other components

1.%

1.%

profile
1 1

Capability Element

Capability Class represent

Capability Template MSU

1.% : 1. 1

Figure 5 represents the relationship between the software unit catalogue, the software capabllity
description dictionary, the capability template, the capability profile, the capability class, the capabllity
class structure and the capability element. Each capability elementis represented by MDD(s) to indi¢ate
a particulalr capability in an MSU. The capability element shall have a name, a reference MDM name fand
alist of MOD (see Annex A).

The softwgre unit catalogue shall refer to the softwarg-capability description dictionary to trandlate
the semantics of the capability template and the capability profiles. Each MSU has one capability pro¢file

and each capability profile belongs to one capabilitytemplate in the software unit catalogue.

6 Procedure for software unit cataloguing

6.1 Overall procedure of software unit cataloguing

Figure 6 sHows the overall procedure of software unit cataloguing.

© ISO 2019 - All rights reserved
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MSU Provider

Analysis of the set of activities

<Capabi|ity Class Structure

—
f—

Capability Class Structure Repository
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—_—

MDM

Capability Class Structure

Capability Class

——

—

Software Capability
Description Dictionary

Y

Identification of Capability Templates

v

Creation of MSU Capability Profile

Y

Cataloguing of MSU Capability Profile

The

6.2

Figure 6 — Overall procedure for software unit cataloguing

[ Capability Class >

< Capability Template |

‘ Capability Elemeni ‘
S—

Capability-fewiplate Reposjtory

"G\aJab'l't Template ‘
~ pability p

A\ 4
\% Capability Template ‘

S =—

1%

Software Unit Catalogu
Repository

| Capability Profile: >

procedure for software unit cataloguing shall be as follows.

\

[
‘ Capability Profile
Capability Profile

Analyse the set of activitieSithat the MSU enables. The MSU can enable one or more actiyities.

The capability template-for each capability class is identified with the reference to the software

capability description/dictionary.

Create the MSH.capability profile by filling in the template(s) selected in b).

The MSU provider registers the MSU capability profile in the software unit catalogue. THe software

unit catalogue should be managed by an appropriate data base system.

Capability profiling using software unit catalogue

Figure 7 depicts capability profiling using a software unit catalogue resulting from software unit
cataloguing defined in 6.1. The box at the bottom shows the software unit catalogue.

© IS0 2019 - All rights reserved
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Figure 8 sHows the software unit catalogui%ﬁv\%cedure. Software unit cataloguing shall be as follg

a)
b)

f)

g)
h)

10

P
MDM for MDM for MDM:s for other
MSU Provider A &B MSU Provider C MSU Providers
MDDs (for A & B) MDDs (for C) MDDs
apap
\
Chpability Template | Capability Template Capability Template - "
(ABx) (ABCx2) (2 Capability | Capability i {3
Template | Template
O
A 2
MISU Profile ( x) by A MSU Profile ( z) by C M{lf}foﬁles
Q”
NISU Profile ( x) by B (] b
N ’
4 N J N VA
) [l
Ca— I
AN y |
SIT
MSU Profile (x ) by A O MSU Profile
MSU Profile ( x) by B Q MSU Profile
Software Unit Catalogue RQO ory
MSU Profile (z) by C § MSU Profile
Software Unit \ Other Software Unit
Catalogue & Catalogue
$\ ]
. N
Figure 7 — Software unit catalogue

xO

An appropriate manufacturing dogtn is selected.

Requirlements for a new soft&é@ unit are decomposed into several primitive requirement;
reference to the activity treS he domain activities.

-

A capability class that &Ebﬁes the requirements is created or reused in cases where the exis
capability class mee%szﬁ requirements.

An appropriate capability template corresponding to the capability class is set up. For setting
te, it shall be retrieved whether the capability template exists in the capab

a capapility @
templdte re&\ ory with reference to the software capability description dictionary or not.

WS.

by

[ing

e up
lity

If no @sponding capability template is found in the capability repository, a new capab
template shall be created wi € same formal structure ol the capability template define
ISO 16100-3.

Upon creation of a new capability template, the capability template shall be registered in
capability template repository.

A capability template shall be filled with concrete values to create a capability profile.

the

A capability profile shall be registered in the corresponding software unit catalogue. If there is no
corresponding software unit catalogue, a new software unit catalogue shall be created to register

the capability profile.
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Software Capability

MSU Provider o S
Description Dictionary

Capability Template Software Unit
Repository Catalogue Repository

Selection of appropriate
manufacturing domain for
the new software unit

Requirements decomposition
by reference to the activity tree

Aral . a ol 1
ACUOPTOTT OT CapapTiTty crass

e

QU

}(J Selection of capability‘templ

No capability template found,
create new capability template

Registration of capability template

(in case of new template creatfon)

Capability profiling

RN

P

Figure 8 — Software unit cataloguing

Capability profile cafaloguing

Tabje 1 shows an example of two capability profiles coded without/with a software| capability

desftription dictionary.
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