IEC 61158-5-15:2007(E)

IEC 61158-5-15

Edition 1.0 2007-12

INTERNATIONAL
STANDARD

7\

Industrial communication netwg
Part 5-15: Application layer servica

C(?E
ieldhus specifications —
inition—T 15 elements



https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2007 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch

Web: www.iec.ch /\

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organizatiQ
International Standards for all electrical, electronic and related technologies.

repaxes ‘and/publishes

About IEC publications

The technical content of IEC publications is kept under constant revie gure that you have the

= Catalogue of IEC publications: www.iec.ch/searchpub
The IEC on-line Catalogue enables you to search by a variety ofgriteria {rgfergence number
It also gives information on projects, withdrawn andwreplaced p sations/ @

" |[EC Just Published: www.iec.ch/online _news/jlistpu

Stay up to date on all new IEC publications. Just
on-line and also by email.

" Electropedia: www.electropedia.org

Vocabulary online.

® Customer Service Centre: www.i€s.ch/ ts
If you wish to give us your fieedback™an this\ publicati

Centre FAQ or contact us:
Email: csc@iec.ch Q

Tel.: +41 22 919 02 1
Fax: +41 22 919 03 00 %

d further assistance, please visit the Customer Service


mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

IEC IEC 61158-5-15

Edition 1.0 2007-12

INTERNATIONAL
STANDARD

Industrial communication netwo
Part 5-15: Application layer service.

@

eld us eC|f| ations —
jon Ty 15 elements

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE X F

ICS 35.100.70; 25.040.40 ISBN 2-8318-9466-2


https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

-2- 61158-5-15 © IEC:2007(E)

CONTENTS
O L L I PP 5
INTRODUGCTION ...ttt e e et e e e e e e e e e e e et e et e et e eaaeennns 7
S o7 0 o 1= 3 8
I I O V7= T TS 8
1.2 SPECIHICAtIONS . e 9
I T 04 ) (o] o 14 =1 o o Y P 9
L Y/ o =R o AV Y = PPN
Normative referenCes ... ...coouuiiiiiiii e

Terms and definitions, abbreviations, symbols and conventions ....

3.1 Terms and definitions ..............cocoiiiii KON
3.2 Abbreviations and symbols.........ccoiiiiiii NG N\ e
3.3 ConVENtioNS ... N N e
N 070 ] g ToT=T o] £ T PP QU U UET \ U
4.1 CommoNn CONCEPLES....iiuiiiiiiiiiiiiiieeee e G NG e e N e e

4.2 Client/server specific concepts
4.3 Publish/subscribe specific concepts ...

5 Datatype ASE......coiviviiiiiinn NG
51 General ..o NG N
5.2 Formal definition of data type“objects N\,
5.3 FAL defined data types........\.....

5.4 Data type ASE
6 Client/server com

G T S T = B N e N P 54
6.2 ARs... .................................................................................................. 113
6.3 Summary g YT 115
6.4 Permittg evices by AREP role.......ooiii 116
7 Publish/syhsckibe\cox model specification ... 117
7.1 L O N 117
T 2 .10 VT N P 136
7.3 SUMMArY Qf FAL CIaSSES .ouiiitiii e 138
7.4 Permitted FAL services by AREP role and sub-role ..............coooiviiiiiiiincine, 138
L= 1o 10 Yo = ¥ o1 2 172 139
Figure 1 — Client/server StacksS. .. ..o e 23
Figure 2 — Client/server communication on different buses or networks ...............ccccceeiiinnn. 23
Figure 3 — Client/server APOs services conveyed by the FAL ..o, 24
Figure 4 — [INFORMATIVE] Interpretation as distinct tables ..., 25
Figure 5 — [INFORMATIVE] Interpretation as overlapping tables ..., 26
Figure 6 — [INFORMATIVE] APO and real objects, non obvious possible interpretation.............. 26
Figure 7 — ASE SEIVICE CONVEYANCE .. ..uiiuiit ittt ittt et e e et e e e e e enas 28
Figure 8 — Client/server confirmed interaction ............ccoiiiiiiiii 29
Figure 9 — Client/server AR confirmed service primitives (positive case).........c..ccooeeviiniennnes 30
Figure 10 — Client/server AR confirmed service primitives (negative case)............ccccceeveennnn. 30

Figure 11 — Client/server unconfirmed interaction .................coiiiii e, 31


https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

61158-5-15 © IEC:2007(E) -3-

Figure 12 — Client/server AR unconfirmed service primitives..............ccooiiiiiiis 31
Figure 13 — Publish/subscribe communications stacks .............ccocoiiiiiii i, 32
Figure 14 — Publish/subscribe data-centric exchanges between decoupled network

Lo o = £ 33
Figure 15 — Publish/subscribe APOs services conveyed by the FAL............coooiiiins 34
Figure 16 — [INFORMATIVE] Examples of publish/subscribe configurable behaviors via

Lo 1 P 35
Figure 17 — Pull model interacCtions ........coiiiiiiii e e e e 37
Figure 18 — Push model interactions ... ..o 38
Figure 19 — Publish/subscribe model interactions...............ccoocoviin i,
Figure 20 — FAL ASES ..ouiiiii e
Figure 21 — Client/server encapsulated interface mechanism...........
Figure 22 — Publish/subscribe class derivations and relationships.....\
Figure 23 — FAL ASEs and classes ........ccooviiiiiiiiiiii)

Figure 24 — Publish/subscribe service request compositio

Table 1 — Common client/server APOs
Table 2 — Class identification.............................
Table 3 — Assigned vendor IDs .........<{... ..

Table 4 — Filter service parameters

Table 9 — Broad@wr
Table 10 — Broad :

Table 18 — Broadcast write single holding register service parameters.............cc..cooviiiinnann. 86
Table 19 — Broadcast write multiple holding registers service parameters................cc.cooen.. 87
Table 20 — Read file SErviCe parameters ... .....ocuiiii e e 94
Table 21 — Write file service parameters ..... ... 98
Table 22 — Device identification categories ... 104
Table 23 — Read deVvice ID COA@ .. ..o 105
Table 24 — ConfOrmMity IEVEI ...... e e 106
Table 25 — Requested vs. returned known 0Objects ..........coviiiiiiiiii 107
Table 26 — Read device identification service parameters..............cooiiiiiiiiici i 109
Table 27 — FAL Class SUMMIAIY ...ttt e e e e e e e e et e et e e e nene e eneanas 115

Table 28 — Services by AREP T0l€ ... 116


https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

-4 - 61158-5-15 © IEC:2007(E)

Table 29 — Issue ServiCe parameters ... ...
Table 30 — Heartbeat service parameters.........cooiiiiiiiii e
Table 31 — VAR ServiCe Parameters . ... e e eenas
Table 32 — VAR ServiCe parameters . ...
Table 33 — ACK ServiCe parameters .. ... e
Table 34 — Header ServiCe parameters ..ot e eas
Table 35 — INFO_DST ServiCe parameters ........ccuueiuiiniiiiii e eeaa
Table 36 — INFO_REPLY service parameters. ... ..o
Table 37 — INFO_SRC service parameters. ... ..o
Table 38 — INFO_TS service parameters ........ccoeeeeeiiiiiiiiiiiiiiiiieeeeenen

Table 39 — PAD service parameters........ccocoviviiiiiiiiiiiiiciieeeeeee 5§

Table 40 — FAL Class SUMMATIY ......oouuiiiiiiiicec e

Table 41 — Services by AREP role and sub-role

O



https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

61158-5-15 © IEC:2007(E) -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-15: Application layer service definition — Type 15 elements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for stdndardization comprising
aII natlonal electrotechmcal commlttees (IEC Natlonal Commlttees) The objegt| of IEC\is to promote

this end and in addltlon to other activities, IEC publishes International Standards C|f|cat|ons
Technical Reports, Publicly Available Specifications (PAS) and Guides as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; an itteg/interested

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte
consensus of opinion on the relevant subjects since eac L i s representation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be F
misinterpretation by any end user.

6) All users should re
7) No liability shall

i d Mational Committees for any personal injury, property damage or
ether dlrect or indirect, or for costs (mcludmg legal fees) and

NOTE Use of some 0fkthe associated protocol types is restricted by their intellectual-property-right holders. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a particular data-link layer protocol type to be used with physical layer and application layer protocols in type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol types in other
combinations may require permission of their respective intellectual-property-right holders.

International Standard IEC 61158-5-15 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-5 subseries cancel and replace
IEC 61158-5:2003. This edition of this part constitutes a technical revision. This part and its
Type 15 companion parts also cancel and replace IEC/PAS 62030, published in 2004.

This edition of IEC 61158-5 includes the following significant changes from the previous
edition:
a) deletion of the former Type 6 fieldbus for lack of market relevance;

b) addition of new types of fieldbuses;
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c) partition of part 5 of the third edition into multiple parts numbered -5-2, -5-3, ...
The text of this standard is based on the following documents:

FDIS Report on voting
65C/475/FDIS 65C/486/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with ISO/IEC Directives, Part 2.

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or
*+ amended.

8 series.

e general title [Industrial
f d onsthe IEC web site.

NOTE The revision of this standard will be synchronized with th arts™e

The list of all the parts of the IEC 61158 sekies
communication networks — Fieldbus specificati an b

O



http://webstore.iec.ch/
https://standards.iteh.ai/catalog/standards/iec/05f042fd-9d74-4ecd-af17-e345d099c66e/iec-61158-5-15-2007

61158-5-15 © IEC:2007(E) -7-

INTRODUCTION

This part of IEC 61158 is one of a series produced to facilitate the interconnection of
automation system components. It is related to other standards in the set as defined by the
“three-layer” fieldbus reference model described in IEC/TR 61158-1.

The application service is provided by the application protocol making use of the services
available from the data-link or other immediately lower layer. This standard defines the
application service characteristics that fieldbus applications and/or system management may
exploit.

tract capability
diately above.
architectural

Throughout the set of fieldbus standards, the term “service” refers to the-a
provided by one layer of the OS| Basic Reference Model to the layer
Thus, the application layer service defined in this standard is a @0
service, independent of administrative and implementation divisions

S

©
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-15: Application layer service definition — Type 15 elements

1 Scope

1.1 Overview

In network communications, as in many fields of engineering, it is a fact that “one size does
not fit all.” Engineering design is about making the right set of trade-offs, and<these trade-offs
must balance confhctmg reqwrements such as S|mpI|C|ty, generahty, ease of use, richness of

Type 15 Client/Server operates in a
definitions and protocol specificatio

stack is UDP/IP.

The fieldbus ap@ i

completed with~sgme \defined level of certainty. Failure to complete specified actions within
the time window risks failure of the applications requesting the actions, with attendant risk to
equipment, plant and possibly human life.

This part of IEC 61158 define in an abstract way the externally visible service provided by the
Type 15 fieldbus application layer in terms of

a) an abstract model for defining application resources (objects) capable of being
manipulated by users via the use of the FAL service,
b) the primitive actions and events of the service;

c) the parameters associated with each primitive action and event, and the form which they
take; and

d) the interrelationship between these actions and events, and their valid sequences.
The purpose of this part of IEC 61158 is to define the services provided to

1) the FAL user at the boundary between the user and the Application Layer of the Fieldbus
Reference Model, and
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2) Systems Management at the boundary between the Application Layer and Systems
Management of the Fieldbus Reference Model.

This part of IEC 61158 specifies the structure and services of the Type 15 IEC fieldbus
Application Layer, in conformance with the OSI Basic Reference Model (ISO/IEC 7498) and
the OSI Application Layer Structure (ISO/IEC 9545).

FAL services and protocols are provided by FAL application-entities (AE) contained within the
application processes. The FAL AE is composed of a set of object-oriented Application
Service Elements (ASEs) and a Layer Management Entity (LME) that manages the AE. The
ASEs provide communication services that operate on a set of related application process
object (APO) classes. One of the FAL ASEs is a management ASE that provides a common
set of services for the management of the instances of FAL classes.

Although these services specify, from the perspective of applica

and responding applications are to do with them. That is,
applications are not specified; only a definition of what req
send/receive is specified. This permits greater flexibility
such object behavior. In addition to these services, some $
in this standard to provide access to the FAL to contro}ce

1.2 Specifications

The principal objective of this part of 4
application layer services suitable for ti
OSI Basic Reference Model in guiding
critical communications.

A secondary objective
communications protoqgels. M.

61158, and the corresponding protocols

This specification t 3 e Pasis for formal Application Programming-Interfaces.
Nevertheless, it |8 ) i

This part of IEC 61158 does not specify individual implementations or products, nor do they
constrain the implementations of application layer entities within industrial automation
systems.

There is no conformance of equipment to this application layer service definition standard.
Instead, conformance is achieved through implementation of conforming application layer
protocols that fulfill the Type 15 application layer services as defined in this part of
IEC 61158.

1.4 Type overview

In network communications, as in many fields of engineering, it is a fact that “one size does
not fit all.” Engineering design is about making the right set of trade-offs, and these trade-offs
must balance conflicting requirements such as simplicity, generality, ease of use, richness of
features, performance, memory size and usage, scalability, determinism, and robustness.
These trade-offs must be made in light of the types of information flow (e.g. periodic, one-to-
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many, request-reply, events), and the constraints imposed by the application and execution
platforms.

The Type 15 fieldbus provides two major communication mechanisms that complement each
others to satisfy communication requirements in the field of automation: the Client/Server and
the Publish/Subscribe paradigms. They can be used concurrently on the same device.

Type 15 Client/Server operates in a Client/Server relationship. Its application layer service
definitions and protocol specifications are independent of the underlying layers, and have
been implemented on a variety of stacks and communication media, including EIA/TIA-232,
EIA/TIA-422, EIA/TIA-425, HDLC (ISO 13239), fiber, TCP/IP, Wireless LANs and Radios.

Type 15 Publish/Subscribe operates in a Publish/Subscribe relationship. pRlication layer

service definitions and protocol specifications are independent of the
can be configured to provide reliable behavior and support determjif common
stack is UDP/IP.

2 Normative references

ISO/IEC 7498-1, Informatig ; xsters Interconnection — Basic Reference

ISO/IEC 8822, Infor

service definitio:@

Systems Interconnection — Presentation

structure

ISO/IEC 1073
Model — Conventiq

ation technology — Open Systems Interconnection — Basic Reference
or the definition of OSI services

3 Terms and definitions, abbreviations, symbols and conventions

3.1 Terms and definitions

For the purposes of this document, the following terms as defined in these publications apply:

3.11 ISO/IEC 7498-1 terms
a) application entity

b) application process

c) application protocol data unit
d) application service element
e) application entity invocation

f) application process invocation
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g) application transaction
h) real open system
i) transfer syntax

3.1.2 ISO/IEC 8822 terms
a) abstract syntax

b) presentation context

3.1.3 ISO/IEC 9545 terms

a) application-association

b) application-context

c) application context name

d) application-entity-invocation
e) application-entity-type

f) application-process-invocation
g) application-process-type

h) application-service-element

i) application control service element
3.1.4 ISO/IEC 8824 terms

a) object identifier

b) type
3.1.5 IEC/TR 61158-1 te

The following IEC/TR

3.1.51 appligation

function or data strug ata i8 consumed or produced

of applicatign ‘entitieg”’to perform coordinated and cooperative operations using the
services<of the AR

object class that manages and provides the run time exchange of messages across the
network and within the network device

NOTE: Multiple types of application object classes may be defined.
3.1.54 application process

part of a distributed application on a network, which is located on one device and
unambiguously addressed

3.1.5.5 application process identifier

distinguishes multiple application processes used in a device
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3.1.5.6 application process object

component of an application process that is identifiable and accessible through an FAL
application relationship

NOTE Application process object definitions are composed of a set of values for the attributes of their class.
3.1.5.7 application process object class

class of application process objects defined in terms of the set of their network-accessible
attributes and services

3.1.5.8 application relationship

cooperative association between two or more application-entity-invocatjey
exchange of information and coordination of their joint operation

he purpose of

preconfiguration activities.

3.1.5.9 application relationship endpoint

endpoint.
3.1.5.10 application service elemen

jve means for establishing and

application-service-element that provides~the\ e
terminating all application relationshi Q

3.1.5.11 attribute

description of an@ tic or feature of an object
NOTE The attributes 6f ah s ini tion about variable portions of an object. Typically, they provide
status information or gowe of \ant object. Attributes may also affect the behaviour of an object.

Attributes are divided/intg cla i stance attributes.

NOTE Its description i he relationship between attribute values and services.
3.1.5.13 class

set of objects, all of which represent the same kind of system component

NOTE A class is a generalization of the object; a template for defining variables and methods. All objects in a
class are identical in form and behavior, but usually contain different data in their attributes.

3.1.5.14 class attributes

attribute that is shared by all objects within the same class

3.1.5.15 class code

unique identifier assigned to each object class

3.1.5.16 class specific service

service defined by a particular object class to perform a required function which is not
performed by a common service
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