IEC 61158-3-1 2:31%)
a9

IEC 61158-3-12

Edition 4.0 2019-04

INTERNATIONAL |
STANDARD AQ}‘

Part 3-12: Data-link layer service definition — T 1) elements

Industrial communication networks — FieIdbus&)&ations -



https://www.stdhive.com/standards/iec-61158-3-12-ed-40-en2019-pdf/

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2019 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.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and puhlish s
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure tnc* you nave the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

Electropedia - www.electropedia.c.

The world's leading online dictio. ary o electrotechnology,
containing more than 22 000 t¢rminc’ngice entries in English
and French, with equivalent tarm. in 16 additional languages.
Also known as the Inte.natior. | Electrotechnical Vocabulary
(IEV) online.

IEC Glossary - =td. ec.ch/glossary

67 000 electrotech .co'terminology entries in English and
French extre_ied frcm the Terms and Definitions clause of
IEC pulicat. ans it sued since 2002. Some entries have been
colle ted ~om _.lier publications of IEC TC 37, 77, 86 and
CISPK.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://www.stdhive.com/standards/iec-61158-3-12-ed-40-en2019-pdf/

IEC 61158-3-12

Edition 4.0 2019-04

INTERNATIONAL
STANDARD

Industrial communication networks — Fieldbus s'sechications —
Part 3-12: Data-link layer service definition — Tiypo.12 elements

NTEZNATIONAL
ELZCTROTECHNICAL
COMMISSION

ICS 25.040.40; 35.100.20; 35.110 ISBN 978-2-8322-6788-2

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://www.stdhive.com/standards/iec-61158-3-12-ed-40-en2019-pdf/

-2- IEC 61158-3-12:2019 © |IEC 2019

CONTENTS

FOREWORD ...ttt et ettt et et e e et et ettt et e et et e et e et e e e et e e e anns 5
1N I 2 1 1 L N 1 ] PN 7
1 ST e o] o 1Y OO PRPRN 8
1.1 LCT =Y o T=Y = | PSPPSR 8
1.2 SPE I ICAtIONS .o e 8
1.3 1070101 {0] 1 4= g Lo - P 8

2 NOrMative refErENCES .. e 9
3  Terms, definitions, symbols, abbreviations and conventions ... 9
3.1 Reference model terms and definitions ..o .9
3.2 Service convention terms and definitions ... 10
3.3 Data-link service terms and definitions.............ccooiiiiiiiii 11
3.4 Symbols and abbreviations ... 14
3.5 CommON CONVENLIONS ... ... e 16

4 Data-link layer services and CONCEPLS . ..o s e 17
4.1 Operating prinCiple.......cooeiii i . 17
4.2 1] oo ] oY Y/ S S 17
4.3 Data-link layer OVErVIEW ... ..o e e 18
4.4 Error detection OVErVIEW ... 19
4.5 Parameter and process data handling introduction ..., 19
4.6 Node reference Model. ... ..o 19
4.6.1 Mapping onto OSI Basic Reference Moaal ... 19
4.6.2 Data-link l[ayer features.... ... 20

4.7 OPEratioN OVEIVIEW ....iiiiii e e e ea e e 20
4.7.1 Relation to ISO/IEC/IEEE 880.2-3 . i e 20
4.7.2 LI o L= 122 1 1o Yo 1= S 20
4.7.3 LOGiCal tOPOIOGY et et 21

4.8 o [0 === T 22
4.8.1 AdAreSSING OVE VI W . e e e e e e et e et e e aeaaenas 22
4.8.2 SegMENt A0 UrE SSING .. itiiiie it 22
4.8.3 D BVICE B Al TS g it 22
4.8.4 [ oToLedoma Lo O =T 1= o Ve TR 23
4.8.5 FMM LN rodUCTION ..o e 23
4.8.6 Svnc Menager iNtrodUCtion ... 24

4.9 Sla e ClasSifiCation ... 24
4.9.1 T =T - N PP 24
4.9.2 BasSiC SIaVE ... 24
.10 Structure of the communication layer in the slave ..............ccooiiiiiiiiiii, 24

5 COMiNUNICAtION SEIVICES . e e 26
5.1 L@ Y= Y PP 26
5.2 REad SOIVICES . i e 26
5.2.1 L A= YT 26
5.2.2 Positional physical read (APRD) ... 26
5.2.3 Configured-address physical read (FPRD) ......ccooiiiiiiiiii e 27
5.2.4 Broadcast read (BRD)......c.iuniiiiiiiii e 28
5.2.5 Logical read (LRD) ... 28

5.3 A AT ) (ST T =] VA oY 29


https://www.stdhive.com/standards/iec-61158-3-12-ed-40-en2019-pdf/

IEC 61158-3-12:2019 © |IEC 2019 -3-

5.3.1 L =T VTR 29
5.3.2 Positional physical write (APWR) ... 29
5.3.3 Configured-address physical write (FPWR)......coooiiiii, 30
5.3.4 Broadcast Write (BWR) ....iuniiiiiiie e 30
5.3.5 Logical Write (LWRY) ... 31
5.4 Combined read/Write SEIVICES ......c.iiiiiii e 32
5.4.1 L XY V= 32
5.4.2 Positional physical read/write (APRW) ..o, 32
5.4.3 Configured-address physical read/write (FPRW).......ccoooiiiiiiiiiiieen 32
5.4.4 Broadcast read/write (BRW) .. oo 33
5.4.5 Logical read/write (LRW) ... e s 24
5.4.6 Positional physical read / multiple write (ARMW) ... 34
5.4.7 Configured-address physical read / multiple write (FRMW) ...........0 «...... ... 35
5.5 NETWOIK SEIVICES ..ouieiiiii e e 35
5.5.1 L XY V= O 35
5.5.2 Publish network variables (PNV).......coooiiiiiic e e, 36
5.6 MaailDOX .o s e e 36
5.6.1 OVEIVIEBW ittt e e 36
5.6.2 Mailbox data transmission ServiCes. ..o 38
6  Local INteracCtioNs .. ..o e 41
6.1 Read 10CaAl ....oee e e 41
6.2 WL 10CA. .. e e 41
6.3 EVENt I0CAl ... o s 42
BiDIIOGrap Ny .. e e 43

Figure 1 — Mapping of logical data in an Ethe net frame consisting of a single Type 12

3 I PP 18
Figure 2 — Type 12 data-link reference riodel ..o, 20
Figure 3 — Type 12 segments in DPON 11100€ . e 21
Figure 4 — Type 12 segment i dir 36t MOde ..o 21
Figure 5 — Addressing MOC 2 GVAIVIEW. ... e e aaenas 22
Figure 6 — Fieldbus men ary management unit OVEIVIEW ........cciiiiiiiiiiiii e 23
Figure 7 — Layering of COmmuNiCatioNn ... ... 25
Figure 8 — Flow of Typ > 12 service primitives ..o 26
Figure 9 - St ces>ful MailboX WIite SEQUENCE ........iiuiiiiiii e 37
Figure 10 — CJuccessful mailbox read SEQUENCE..........civiiiiiiii e, 38
Tab.2 1 — Auto-increment physical read (APRD) .....oiiiiiii e 27
Taule 2 — Configured-address physical read (FPRD)......cooiiiiiiii e 27
Teable 3 — Broadcast read (BRD) .....iuiiiiie e e 28
Table 4 — Logical read (LRD) . ...t 29
Table 5 — Auto-increment physical write (APWR) ... 29
Table 6 — Configured-address physical write (FPWR) ..o, 30
Table 7 — Broadcast Write (BWR) .....ouiiiiie e e e 31
Table 8 — Logical Write (LWR) ... 31

Table 9 — Auto-increment physical read/write (APRW) ... 32


https://www.stdhive.com/standards/iec-61158-3-12-ed-40-en2019-pdf/

-4 - IEC 61158-3-12:2019 © |IEC 2019

Table 10 — Configured-address physical read/write (FPRW).........ccooiiiiiiiii e, 33
Table 11 — Broadcast read/write (BRW ) ... ..o 33
Table 12 — Logical read/Write (LRW ) ... 34
Table 13 — Auto-increment physical read / multiple write (ARMW)..........cooiiiiiiiiieen, 34
Table 14 — Configured-address physical read / multiple write (FRMW)............cooiiiiiiiinnnnne. 35
Table 15 — Publisher network variable (PNV) ... 36
Table 16 — MailbOX WIITE ... e e e e 38
Table 17 — MailboX read UPdate .......c.oeinii e e 39
Table 18 — MailDOX rEAA . ... e ea e D 40
Table 19 — Read 10Cal .. ... e e <A1
Table 20 — WIIte 10Cal .. .. e e 41

Table 21 — EVENT IOCAI ... o..... 42


https://www.stdhive.com/standards/iec-61158-3-12-ed-40-en2019-pdf/

IEC 61158-3-12:2019 © |IEC 2019 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-12: Data-link layer service definition —
Type 12 elements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz *t‘on ~omurising
all national electrotechnical committees (IEC National Committees). The object of IEC i to promote
international co-operation on all questions concerning standardization in the electrical and electror.'= fields. To
this end and in addition to other activities, IEC publishes International Standards, Techr cal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter -efcrred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natioi al Con mittee interested
in the subject dealt with may participate in this preparatory work. Internation{!, gc rernriental and non-
governmental organizations liaising with the IEC also participate in this prepar~tion. 'FC collaborates closely
with the International Organization for Standardization (ISO) in accordanc witi. conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, 1s nearly as possible, an international
consensus of opinion on the relevant subjects since each technical ~¢ =mittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatic al » se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are maa. to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible fc: thc way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nationa' Z“ommittees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the correspondir ¥ national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation.o1 >caformity. Independent certification bodies provide conformity
assessment services and, in some area:, 2.cess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifi atic bodies.

6) All users should ensure that they ha\ =2 tho latest edition of this publication.

7) No liability shall attach to IEC or 1.o.«.'rectors, employees, servants or agents including individual experts and
members of its technical com nit‘’ces and IEC National Committees for any personal injury, property damage or
other damage of any nat:re vha soever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of he publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn tc the lormative references cited in this publication. Use of the referenced publications is
indispensable for the cc rect application of this publication.

9) Attention is ~raw. to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. .=C shall not be held responsible for identifying any or all such patent rights.

Attentica is drawn to the fact that the use of the associated protocol type is restricted by its
in*elle~tual-property-right holders. In all cases, the commitment to limited release of
inte.'ectuc |-property-rights made by the holders of those rights permits a layer protocol type to
be used with other layer protocols of the same type, or in other type combinations explicitly
cuthorized by its intellectual-property-right holders.

NOTE Combinations of protocol types are specified in IEC 61784-1 and IEC 61784-2.

International Standard IEC 61158-3-12 has been prepared by subcommittee 65C: Industrial
networks, of |EC technical committee 65: Industrial-process measurement, control and
automation.

This fourth edition cancels and replaces the third edition published in 2014. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

— technical corrections in the communication services;
— editorial improvements for clarification.

The text of this International standard is based on the following documents:

FDIS Report on voting
65C/945/FDIS 65C/954/RVD

Full information on the voting for the approval of this International 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.

A list of all parts of the IEC 61158 series, published under the general title Industrial
communication networks — Fieldbus specifications, can be found on the IEC wc! site.

The committee has decided that the contents of this publication wil'-rer. 2 unchanged until
the stability date indicated on the IEC web site under "http://wcstce.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

+ amended.

A bilingual version of this publication may be issued at a later date.
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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 61158-1.

Throughout the set of fieldbus standards, the term “service” refers to the abstract capability
provided by one layer of the OSI| Basic Reference Model to the layer immediately above.
Thus, the data-link layer service defined in this standard is a conceptual architectural service,
independent of administrative and implementation divisions.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-12: Data-link layer service definition —
Type 12 elements

1 Scope

1.1 General

This part of IEC 61158 provides common elements for basic time-criticei iressaging
communications between devices in an automation environment. The term “tin.2-cr.*Cal” is
used to represent the presence of a time-window, within which one or more specificd actions
are required to be completed with some defined level of certainty. Failu'e to complete
specified actions within the time window risks failure of the applicationsi=questing the
actions, with attendant risk to equipment, plant and possibly human life

This International standard defines in an abstract way the externa. v vi;ible service provided
by the Type 12 fieldbus data-link layer in terms of
a) the primitive actions and events of the service;

b) the parameters associated with each primitive acticn ond event, and the form which they
take;

c) the interrelationship between these actions anc even's, and their valid sequences.

The purpose of this document is to define the services provided to

o the Type 12 fieldbus application layer «* \he boundary between the application and data-
link layers of the fieldbus reference niac=l;

e systems management at the ~our.dary between the data-link layer and systems
management of the fieldbus r2ference model.

1.2 Specifications

The principal objective «/f thi="document is to specify the characteristics of conceptual data-
link layer services suitaL'e for time-critical communications, and thus supplement the OSI
Basic Reference N'yde: in guiding the development of data-link protocols for time-critical
communications. A seundary objective is to provide migration paths from previously-existing
industrial com/ncnications protocols.

This specification may be used as the basis for formal DL-Programming-Interfaces.
Neverthless, it is not a formal programming interface, and any such interface will need to
aulrescamplementation issues not covered by this specification, including

a) the sizes and octet ordering of various multi-octet service parameters, and

b, the correlation of paired request and confirm, or indication and response, primitives.
1.3 Conformance

This document does not specify individual implementations or products, nor does it constrain
the implementations of data-link entities within industrial automation systems.

There is no conformance of equipment to this data-link layer service definition standard.
Instead, conformance is achieved through implementation of the corresponding data-link
protocol that fulfils the Type 12 data-link layer services defined in this document.
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