IEC IEC 61158-3-12

®
®

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE §§®
()

\

Edition 1.0 2007-12

\/ AL
Industrial communication networks < ki in ations —
Part 3-12: Data-link layer service definiti pe~42’elements

ifications des bus de terrain —
Partie 3-12: Définition\d cbuche liaison de données —

Eléments de Type

IEC 61158-3-12:2007-12(en-fr)

S\ \ X X l \,
ing Hub

Full docu


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

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

info@iec.ch
www.iec.ch

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.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''lEC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprés ou contactez le Comité national de I'lEC de votre pays de résidence.

+41 22919 02 11
Fax: +41 22 919 03 00

About the IEC

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting
bibliographical information on IEC International <
Technical Specifications, Technical

committee,...).
and withdrawn publications.

IEC Just Published - S
Stay up to date on all™ew

details all new publicatio

languages. Also known as the International

ical Vocabulary (IEV) online.

ave been collected from earlier publications of IEC TC 37,
77, 86 and CISPR.

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: csc@iec.ch.

Le contenu technique.des pyblications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la

plus récente, un corrige

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques sur les Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'lEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

ou amendement peut avoir été publié.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient plus de 30 000 termes et définitions en
anglais et en francais, ainsi que les termes équivalents dans
14 langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

Plus de 55 000 entrées terminologiques électrotechniques, en
anglais et en francais, extraites des articles Termes et
Définitions des publications IEC parues depuis 2002. Plus
certaines entrées antérieures extraites des publications des
CE 37,77, 86 et CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 61158-3-12 2007


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://std.iec.ch/glossary
http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

IEC 61158-3-12

Edition 1.0 2007-12

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

ecifications —
pe 12 elements

Industrial communication netwo
Part 3-12: Data-link layer service

Partie 3-12: Définitjon'd & che liaison de données —
Eléments de Type

9

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE X
CODE PRIX

ICS 25.040.40; 35.100.20 ISBN 978-2-8322-1464-0

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

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un dismbuteur agréé.
poctments

Document Sharing Hub

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale

Full document details: IEC 61158-3-12 2007


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

-2- IEC 61158-3-12:2007 © IEC 2007

CONTENTS
FOREWORD ... 4
INTRODU CT ION L.ttt ettt e e e e e et e et e et e e e e e et e et e et e s e e e eneenaannas 6
S ToTo ] o 1= SO PPRS 7
LIPS I @ YT Y PPN 7
1.2 SPECITICALIONS L.t 7
LI T O 01 (o] 4 0 = 1o o] = PPN 7
NOIMATIVE T EIENCES . et e e e eae e 8

Terms, definitions, symbols, abbreviations and conventions

3.1 Reference model terms and definitions ...........ccccooiviiiiiiiniis.
3.2 Service convention terms and definitions

3.3 Data-link service terms and definitions..................o KD
3.5 Symbols and abbreviations .............ccooiiiiiiii OGN e
3.6 Common CONVENTIONS .....ceuiiiiiiiiiici e e N e D e e )

4 Data-link layer services and concepts .......ooovvviiiiiiicn i NN e e e e e e reneeneneeneneenaes
4.1 Operating prinCiple ... NN e\ Y e
4.2 TOPOIOGY ceniiiiiiiiiiiieeieeeei e [ T e N N P et et
4.3 Data-link layer overview......................
4.4 Error detection overview ....£...)\...
4.5 Parameter and process data f
4.6 Node reference model .........« o0l

4.7 Operation overview
4.8 Addressing
4.9 Slave classificatio

5 Communica@
5.1 Overview”,
5.2 i
5.3

6 Localinte
6.1  ReEAd l0CaI .. 39
6.2  WIEE 10CaAl coe e e 39
6.3  EVENTI0CAL .. . 40
(27 o] [ToTe | =T o] o |V PPN 41

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

DILP DU L.t 17
Figure 2 — Type 12 data-link reference model ..o 18
Figure 3 — Type 12 segments in Open MOAE ......c.oiniiiiiiiiii e 19
Figure 4 — Type 12 segment in direct Mode ... ..o 19
Figure 5 — Addressing MOdeE OVEIVIEW .......ouieiiii e et e e e e 20
Figure 6 — Fieldbus memory management Unit OVErVIEW ..........c.oviuiiiiiiiiiiiiicee e 22
Figure 7 — Layering of communication ..............coiiiiiiiiii i DOCUIZT:lsentS

Document Sharing Hub

Full document details: IEC 61158-3-12 2007


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

IEC 61158-3-12:2007 © IEC 2007 -3-

Figure 8 — Flow of Type 12 service primitives ........ooooiiiiii 24
Figure 9 — Successful mailboxX Write€ SEQUENCE .........cceuiiiiiii e 35
Figure 10 — Successful mailbox read SEQUENCE ..........ciuiiiiiiiiii e 36
Table 1 — Auto-increment physical read (APRD) ......oouiiii e 25
Table 2 — Configured-addresse physical read (FPRD)........cccooiiiiiiiiii e 25
Table 3 — Broadcast read (BRD)......couiiiiiiiie e 26
Table 4 — Logical read (LRD).....couieiie e e e e e 27
Table 5 — Auto-increment physical write (APWR) ...

Table 6 — Configured-address physical write (FPWR) ..........ccoiiiiiiiiinnnn..
Table 7 — Broadcast write (BWR) .....coiiiiiiii e

Table 8 — Logical write (LWR) .....cooviiiiiiiiiiiieeeeeeeee 2 S\
Table 9 — Auto-increment physical read/write (APRW) ... o0\ N\ e
Table 10 — Configured-address physical read/write (FPRW).
Table 11 — Broadcast read/write (BRW)
Table 12 — Logical read/write (LRW ) ......oooiiiiie e e o e e\ e e er e et e e nee e eneeneenees

Table 15 — Provide network variable (P
Table 16 — Mailbox Write..........cooevii i DG

Table 17 — Mailbox read update...........\.....

Table 18 — MailDOX Fad ..\ e N[ er e NG e e e iy o e e eee et e et et e e e et e ea e et et e e e e e e e e ea e enees
= o] (ST B Il - Vo N (o Y= | N N S 39

Table 20 — Write £= 11 N N N N 39
Table 21 — Event I N N N N 40

Documents

Document Sharing Hub

Full document details: IEC 61158-3-12 2007


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

-4 - IEC 61158-3-12:2007 © IEC 2007

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 standardi t|on comprising
all national electrotechnical committees (IEC National Committees). The object of to promote
international co-operation on all questions concerning standardization in the elegtri
this end and in addition to other activities, IEC publishes International Standards,\Tech
Technical Reports, Publicly Available Specifications (PAS) and Guid 3 2 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; ar i { interested
in the subject dealt with may participate in this preparatory work.

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mat
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3) IEC Publications have the form of recompiendati
Committees in that sense. While all reaso
Publications is accurate, IEC cannot be held respo
misinterpretation by any end user.

4) In order to promote international uniformit National C€ommnpittees undertake to apply IEC Publications
transparently to the maximum_extent_possible heir national and regional publications. Any divergence
between any IEC Publicatioq corresponding lional or regional publication shall be clearly indicated in

the latter.

5) IEC provides no markipg adi its~approval and cannot be rendered responsible for any
equipment declared to be i i i Rublication.

6) All users should st wdition of this publication

7) No liability shall attag ors,/employees, servants or agents including individual experts and
members of its techrisal committees andMEE National Committees for any personal injury, property damage or
other damage ofCan ha ever, whether direct or indirect, or for costs (including legal fees) and
expenses ari use of, or reliance upon, this IEC Publication or any other IEC
Publicationss

8) Attentiop~ i¥e references cited in this publication. Use of the referenced publications is
indispenhsable fQr the pplication of this publication.

9) Attention is eNpossibility that some of the elements of this IEC Publication may be the subject of
patent rights. ot be held responsible for identifying any or all such patent rights

NOTE Use of some of the 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 61158-3-12 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This bilingual version (2014-06) corresponds to the English version, published in 2007-12.

This first edition and its companion parts of the IEC 61158-3 subseries cancel and replace
IEC 61158-3:2003. This edition of this part constitutes a technical addition. This part and its
Type 12 companion parts also replace IEC/PAS 62407, published in 2005.

This edition includes the following significant changes with respect to the previous eﬁi&&uments
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a) deletion of the former Type 6 fieldbus, and the placeholder for a Type 5 fieldbus data-link
layer, for lack of market relevance;

b) addition of new types of fieldbuses;
c) division of this part into multiple parts numbered 3-1, 3-2, ..., 3-19
The text of this standard is based on the following documents:

FDIS Report on voting
65C/473/FDIS 65C/484/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.

The French version of this standard has not been voted upon.

The committee has decided that the contents of this publication Wi } changed until the
maintenance result date indicated on the IEC web site unde : iec.ch in the data

* reconfirmed;

+ withdrawn;

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

NOTE The revision of this standard will be synchronized witixthe parts of the IEC 61158 series.

The list of all the par
communication networks —

9,

under the general title Industrial
be found on the IEC web site.
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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/TR 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.

@%
S
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

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

1 Scope

1.1 Overview

This part of IEC 61158 provides common elements for basic time
communications between devices in an automation environment. The
used to represent the presence of a time-window, within which one
are required to be completed with some defined level of certainty. Fa&i
actions within the time window risks failure of the application
attendant risk to equipment, plant and possibly human life.

messaging
\e-critical” is
ed actions

This standard defines in an abstract way the externally visible service\pravided by the Type 12
fieldbus data-link layer in terms of

take;

layers of the fieldb

e systems ma e
managemen

1.2 Specifications

The principal
layer service gritical communications, and thus supplement the OSI Basic
Reference the development of data-link protocols for time-critical

industrial communications/protocols.

This specification ay be used as the basis for formal DL-Programming-Interfaces.
Nevertheless, it is not a formal programming interface, and any such interface will need to
address implementation 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 standard 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 fulfills the Type 12 data-link layer services defined in this standard.

Documents

Document Sharing Hub

Full document details: IEC 61158-3-12 2007


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

-8- IEC 61158-3-12:2007 © IEC 2007

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.

ISO/IEC 7498-1, Information technology — Open Systems Interconnection — Basic Reference
Model: The Basic Model

ISO/IEC 7498-3, Information technology — Open Systems Interconnection — Basic Reference
Model: Naming and addressing

ISO/IEC 8802-3, Information technology — Telecommunications and 'format
between systems — Local and metropolitan area networks — Specifi 7
Carrier sense multiple access with collision detection (CSMA/CD) acces Phod\and \Physical
Layer specifications

QN exchange

ISO/IEC 10731, Information technology — Open Systems Jiiterc ~ Basic Reference
Model — Conventions for the definition of OSI services

IEE 802.1D, IEEE Standard for Local and metropolit
(MAC) Bridges; available at <http://www.ieee.org

conventions apply.

3.1 Reference model

This standard i p e epts developed in ISO/IEC 7498-1 and ISO/IEC
7498-3 and makeswu \

3.1.1 DL-addres [7498-3]
3.1.2 DL-cof ionle : issi [7498-1]
3.1.3 cé¢ 0 [7498-1]
corres
corresponden
3.1.4 DL-duplex-transmission [7498-1]
3.1.5 (N)-entity [7498-1]

DL-entity (N=2)
Ph-entity (N=1)
3.1.6 (N)-layer [7498-1]
DL-layer (N=2)
Ph-layer (N=1)

3.1.7 layer-management [7498-1]

3.1.8 peer-entities [7498-1]

3.1.9 primitive name [7498-3]

3.1.10 DL-protocol [7498-1]
Documents
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3.1.11 DL-protocol-data-unit
3.1.12 DL-relay

3.1.13 reset

3.1.14 responding-DL-address
3.1.15 routing

3.1.16 segmenting

3.1.17 (N)-service

DL-service (N=2)
Ph-service (N=1)

3.1.18 (N)-service-access-point
DL-service-access-point (N=2)
Ph-service-access-point (N=1)

3.1.19 DL-service-data-unit
3.1.20 DL-simplex-transmission

3.1.21 DL-subsystem

3.2 Service conventip

This standard als
the data-link layer:

3.2.2
3.2.3

3.24

3.2.5 DL-service-primitive;
primitive

3.2.6 DL-service-provider

3.2.7 DL-service-user

3.2.8 DL-user-optional-facility

3.2.9 indication (primitive);
acceptor.deliver (primitive)

3.2.10 request (primitive);
requestor.submit (primitive)

3.2.11 requestor

3.2.12 response (primitive);
acceptor.submit (primitive)

3.2.13 submit (primitive)

Full document details: IEC 61158-3-12 2007

3.1.22 systems-management %
3.1.23 DLS-user
3.1.24 DLS-user-data

[7498-1]
[7498-1]
[7498-1]
[7498-3]
[7498-1]
[7498-1]
[7498-1]

498-1]

[7498-1]
[7498-1]
[7498-1]
[7498-1]
[7498-1]
[7498-1]
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3.2.14 symmetrical service
3.3 Data-link service terms and definitions

3.3.1
application
function or data structure for which data is consumed or produced

3.3.2

application objects

multiple object classes that manage and provide a run time exchange of messages across the
network and within the network device

3.3.3
basic slave
slave device that supports only physical addressing of data

3.34
bit
unit of information consisting of a 1 or a 0. This is the
transmitted

nit that can be

3.3.5
client

3.3.6
connection
logical binding betwee

3.4 0
cyclic

events which repes

n the same or different devices

etitive manner

residual d

array

vatue \compu om ‘an array of data and used as a representative signature for the

3.4.2
data
generic term used to refer to any information carried over a fieldbus

3.4.3

data consistency

means for coherent transmission and access of the input- or output-data object between and
within client and server

3.44

device

physical entity connected to the fieldbus composed of at least one communication element (the
network element) and which may have a control element and/or a final element (transducer,
actuator, etc.)

Documents
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3.4.5
distributed clocks
method to synchronize slaves and maintain a global time base

3.4.6

DL-segment, link, local link

single DL-subnetwork in which any of the connected DLEs may communicate directly, without
any intervening DL-relaying, whenever all of those DLEs that are participating in an instance of
communication are simultaneously attentive to the DL-subnetwork during the period(s) of
attempted communication

3.4.7

error

discrepancy between a computed, observed or measured value or condition a he specified
or theoretically correct value or condition

3.4.8
event
instance of a change of conditions

3.4.9
fieldbus memory management unit
function that establishes one or several corr
physical memory

3.4.10

3.4.11
frame
denigrated synon N

3.4.12
full slave
slave deviceq

ysical and logical addressing of data

3.4.13
interface
shared boundar een two functional units, defined by functional characteristics, signal
characteristics, or otlier characteristics as appropriate

3.4.14

master

device that controls the data transfer on the network and initiates the media access of the
slaves by sending messages and that constitutes the interface to the control system

3.4.15

mapping
correspondence between two objects in that way that one object is part of the other object

3.4.16

medium

cable, optical fibre, or other means by which communication signals are transmitted between
two or more points

NOTE "media" is used as the plural of medium. Documents
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3.4.17
message
ordered series of octets intended to convey information

NOTE Normally used to convey information between peers at the application layer.

3.4.18

network

set of nodes connected by some type of communication medium, including any intervening
repeaters, bridges, routers and lower-layer gateways

3.4.19
node
a) single DL-entity as it appears on one local link

b) end-point of a link in a network or a point at which two or more lin
61158-2]

3.4.20

object

abstract representation of a particular component within a de

NOTE An object can be

a) an abstract representation of the capabilities of a device, co
1) data (information which changes with time);

2) configuration (parameters for behavior);

3.4.21
process data
data object containing

3.4.22

DL-service user tha sieht of DL-user-data

NOTE A DL-selvice use rrently both a sending and receiving DLS-user.

sending DL

DL-service user that agts as a source of DL-user-data

3.4.24
server
object which provides services to another (client) object

3.4.25

service

operation or function than an object and/or object class performs upon request from another
object and/or object class

3.4.26
slave
DL-entity accessing the medium only after being initiated by the preceding slave or

Documents
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3.4.27

Sync manager
collection of control elements to coordinate access to concurrently used objects.

3.4.28

Sync manager channel
single control elements to coordinate access to concurrently used objects.

3.4.29

switch
MAC bridge as defined in IEEE 802.1D

3.5 Symbols and abbreviations

3.5.1
3.5.2
3.5.3
3.5.4
3.5.5
3.5.6
3.5.7
3.5.8
3.5.9
3.5.10
3.5.11
3.5.12
3.5.13
3.5.14
3.5.15
3.5.16
3.5.17
3.5.18
3.5.19
3.5.20
3.5.21
3.5.22
3.5.23
3.5.24
3.5.25
3.5.26
3.5.27
3.5.28
3.5.29
3.5.30
3.5.31
3.5.32

APRD
APRW
APWR
ARMW
BRD
BRW
BWR
CAN
CoE

DLME
DLMS
DLS
DLSAP
DLSDU
E2PROM
EoE
ESC
FCS
FIFO
FMMU
FoE
FPRD

Auto-increment physical read
Auto-increment physical read/write
Auto-increment physical write
Auto-increment physical read / multiple
Broadcast read

Broadcast read/write

Broadcast write
Controller area network

ion detection

anagement

management entity (the local active instance of DL-management)
DL-management service

DL-service

DL-service-access-point

DL-service-data-unit

Electrically erasable programmable read only memory
Ethernet tunneled over Type 12 services

Type 12 slave controller

Frame check sequence

First-in first-out (Qqueuing method)

Fieldbus memory management unit

File access with Type 12 services

Configured address physical read Documents
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3.5.33 FPRW Configured address physical read/write
3.5.34 FPWR Configured address physical write
3.5.35 FRMW Configured address physical read/multiple write
3.5.36 HDR Header

3.5.37 ID Identifier

3.5.38 IP Internet protocol

3.5.39 LAN Local area network

3.5.40 LRD Logical memory read

3.5.41 LRW Logical memory read/write

3.5.42 LWR Logical memory write

3.5.43 MAC Medium access control

3.5.44 MDI Media-dependent interface (specified in ISO/
3.5.45 MDX Mailbox data exchange

3.5.46

3.5.47

3.5.48

3.5.49 Ph-

3.5.50 PhE

3.5.51 PhL

3.5.52

3.5.53

3.5.54 OsSI

3.5.55 QoS

3.5.56

3.5.57

3.5.58

3.5.59

3.5.60 gnization manager

3.5.61 TCP ansmission control protocol
3.5.62 Tx ransmit

3.5.63 UDP User datagram protocol

3.5.64 WKC Working counter

3.6 Common conventions

This standard uses the descriptive conventions given in ISO/IEC 10731.

The service model, service primitives, and time-sequence diagrams used are entirely abstract

descriptions; they do not represent a specification for implementation.

Service primitives, used to represent service user/service provider interactions (see ISO/IEC
10731), convey parameters that indicate information available in the user/provider interaction.

Documents

Document Sharing Hub

Full document details: IEC 61158-3-12 2007


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

IEC 61158-3-12:2007 © IEC 2007 -15 -

This standard uses a tabular format to describe the component parameters of the DLS
primitives. The parameters that apply to each group of DLS primitives are set out in tables
throughout the remainder of this standard. Each table consists of up to six columns, containing
the name of the service parameter, and a column each for those primitives and parameter-
transfer directions used by the DLS:

— the request primitive’s input parameters;
— the indication primitive’s output parameters;
— the response primitive’s input parameters; and

— the confirm primitive’s output parameters.

NOTE The request, indication, response and confirm primitives are also known _as requestor.submit,
acceptor.deliver, acceptor.submit, and requestor.deliver primitives, respectively (see ISO/I

and parameter direction specified in the column:
M parameter is mandatory for the primitive.

U parameter is a User option, and may o

the parameter is assumed.

C parameter is conditiomal upo

semantically equivalent to the parameter in the
gte left in the table.

and wavy lines indicate that events are roughly

4 Data-link lay ervices and concepts

4.1 Operating principle

This standard describes a real-time Ethernet technology that aims to maximize the utilization of
the full duplex Ethernet bandwidth. Medium access control employs the master/slave principle,
where the master node (typically the control system) sends the Ethernet frames to the slave
nodes, which extract data from and insert data into these frames.

From an Ethernet point of view, a Type 12 segment is a single Ethernet device which receives
and sends standard ISO/IEC 8802-3 Ethernet frames. However, this Ethernet device is not
limited to a single Ethernet controller with downstream microprocessor, but may consist of a
large number of Type 12 slave devices. These process the incoming Ethernet frames while
they are in transit within the device, reading data from the Ethernet frame and/or inserting their
own data into the frame before transferring the frame to the next slave device. The last slave
device within the segment sends the fully processed Ethernet frame back in the reverse
direction through the chain of devices, returning the collected information throuﬁ the first
slave device to the master, which receives it as an Ethernet response frame. ocuments
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This procedure utilizes the full duplex capability of Ethernet: both communication directions are
operated independently with reading and writing by the slaves on the outbound path and only
transmission-to-reception timing measurements on the inbound path as the Ethernet frame
retraverses each intermediate slave device.

Full-duplex communication between a master device and a Type 12 segment consisting of one
or several slave devices may be established without using a switch.

4.2 Topology

The topology of a communication system is one of the crucial factors for the successful
application in automation. The topology has significant influence on the cabling effort,
diagnostic features, redundancy options and hot-plug-and-play features.

The star topology commonly used for Ethernet can lead to incregsed cabling ‘effort and
infrastructure cost. Particularly for automation applications, a liné

preferable.

The slave node arrangement represents an open-loop bus en end,\the master device
sends frames, either directly or via Ethernet switches;
they have been processed by each intervening device e’ls relayed from the

last node returns the

not zero) is forwarded to port n+1. If there is no port

n+1 the Etherne pRork Q< If no device is connected or the port is closed by
the master, a reque v i

this port (i.e. loop iss

4.3

A single e\can”carry several Type 12 DLPDUs, which are blocked into the
Etherne \ . Several nodes can be addressed individually by these DLPDUs.
The Etherne 3 inated with the last Type 12 DLPDU, except when the frame size is
less than 64 octets, in which case the Ethernet frame is padded to 64 octets.

This blocking leads to better utilization of the Ethernet bandwidth than would separate Ethernet
frames to and from each slave node. However, for e.g. a 2-channel digital input node with just
two bits of user data, the overhead of a single Type 12 DLPDU can still be excessive.

Therefore slave nodes may also support logical address mapping. The process data can be
inserted anywhere within a logical address space. If a Type 12 DLPDU is sent that contains
read or write services for a certain process image area located at the corresponding logical
address, instead of addressing a particular node, the nodes insert the data at or extract the
data from their appropriate place(s) within the process data, as noted in Figure 1.
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Process data WKC| FCS

Frame | Type12

Ethernet HDR| HDR HDR

Figure 1 — Mapping of logical data in an Ethernet fra
consisting of a single Type 12 DLPDU

with high bandwidth, minimum delay and a

near-optimum effectivel usab ate. e time, devices such as fieldbus scanners
can be connected as S ing existing technologies and standards.
4.4 Error detec:

Type 12 master 4 ) - s) check the Ethernet frame check sequence (FCS) to
determine whe 3 eceived correctly. Since one or several slaves may modify the

f S is checked by each node on reception and recalculated
during re fa slavé detects a checksum error, the slave does not repair the FCS

When reading data ffom or writing data to a Type 12 DLPDU, the addressed slave increments
a working counter (WKC) positioned at the end of the DLPDU. Slaves which are merely
forwarding the DLPDU, but not extracting information from it or inserting information within it,
do not modify the counter. By comparing the working counter with the expected number of
accessing slave nodes, a master can check whether the expected number of nodes have
processed the corresponding DLPDU.

4.5 Parameter and process data handling introduction

Industrial communication systems need to meet different requirements in terms of their data
transmission characteristics. Parameter data can be transferred acyclically and in large
quantities, usually in situations where the timing requirements are relatively non-critical and the
transmission is triggered by the control system. Diagnostic data is also transferred acyclically
in an event-driven mode, but the timing requirements are more demanding and the
transmission is usually triggered by a peripheral device.

Documents

Document Sharing Hub

Full document details: IEC 61158-3-12 2007


http://avadocuments2026.com/doc/iec-61158-3-12-2007
http://avadocuments2026.com/doc/iec-61158-3-12-2007

-18 - IEC 61158-3-12:2007 © IEC 2007

Process data, on the other hand, is typically transferred cyclically with different cycle times.
The timing requirements are most stringent for process data communication. This international
standard supports a variety of services and protocols to meet these differing requirements.

4.6 Node reference model
4.6.1 Mapping onto OSI Basic Reference Model

Type 12 services are described using the principles, methodology and model of
ISO/IEC 7498-1 (OSI). The OSI model provides a layered approach to communications
standards, whereby the layers can be developed and modified independently. The Type 12
specification defines functionality from top to bottom of a full OSI commumcatlons stack.
Functions of the intermediate OSI layers, layers 3—6, are consolidated int er the Type 12
data-link layer or the DL-user of the Type 12 data-link layer. The Type 12 data™ink reference

model is shown in Figure 2.
AN
\ \\)

DLS-user

Slave information

o5
x\( Wox }/Brocess data °§2:L‘2/ sjt)tlirr]:;s
DLL \/\ Yo Y L=
%’DPL Slavé\ ne M L‘T Layer
irffo [ address \> | SynoM Management

DL control/

(\\\ \/@-nnk layer DL status

\ T
\ \ \/ Physical layer

A=
\> Figure 2 — Type 12 data-link reference model

4.6.2 Data-link layer features

The data-link layer provides basic time-critical support for data communications among devices
connected. The term “time-critical” is used to describe applications having a time window,
within which one or more specified actions are required to be completed with some 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.

The data-link layer has the task to compute, compare and generate the frame-check sequence
and provide communications by extracting data from and/or including data into the Ethernet
frame. This is done depending on the data-link layer parameters which are stored at pre-
defined memory locations. The data is made available to the DL-user in physical memory,
either in a mailbox configuration or within the process data section.
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4.7 Operation overview
471 Relation to ISO/IEC 8802-3

This part specifies data-link layer services in addition to those specified in ISO/IEC 8802-3.

4.7.2 Type 12 modes
4.7.2.1 Open mode

In the open mode, one or several Type 12 segments may be connected to a standard switching
device as shown in Figure 3. The first slave device within a Type 12 segment then has an
ISO/IEC 8802-3 MAC address representing the entire segment. This segment address slave
deV|ce replace destination address field with the source address field and (sourcs address field

UDP/IP

protocol standards Additionally thls device protects the slav s withi segmrent against

Type1 se@ W

1| Segment
Master . E Slaress Slave Slaje laye > Slave Slave
device Switch 1 devi device device devi device device
nooooooo] i &V
Generic
Ethernet device \(

E a:laves \\?3’9\ Slave Slave Slave Slave | 1

E \ ice device device device device 5

@ AN N7 | T A

il NNy
A\

\\ t\Zavrjeagie?/it;e
N

Figure 3 — Type 12 segments in open mode

4.7.2.2 Direct

In the direct mode, one Type 12 segment is connected to the standard Ethernet port of the
controlling or master device as shown in Figure 4. The MAC address fields of the Ethernet
frames are not checked.

Master

. Slave Slave Slave Slave Slave Slave Slave Slave
Device

Device | |Device| | Device| |Device| |Device| |Device| |Device| |Device

Figure 4 — Type 12 segment in direct mode
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4.7.3 Logical topology

In logical terms, the slave arrangement within a Type 12 segment represents a bus connected
as an open full-duplex loop. At the input end of the open loop, the master device inserts
Ethernet frames, either directly or via standard Ethernet switches, and receives them at the
output end of the open loop after they have been processed by all slave devices. All frames are
relayed from the first slave device to the next one. The last slave device returns the frame back
through all the other slave devices to the master. The result is an open logical loop realized by
consecutive segments of full-duplex physical line.

Received Ethernet frames are processed octet by octet "on the fly" by the slave devices
according to their physical sequence within the open loop structure. In this case, each slave
device recognizes relevant commands and executes them accordingly—while the frames
(delayed by a constant time, typically below 1 ys) are forwarded to the next devise in the open

i i e rnet frame

transits the slave device, in a manner that is independent of thé
microprocessors within (or connected to) the slave device.

branch does not break the logical loop. Branches can be builtha_flexikle tree structure,
thus permitting very simple wiring.

4.8 Addressing
4.8.1 Addressing overview
Different addressing modes are support : in Figure 5. The header within

the Type 12 DLPDU contains a 32-bit sed for physical node addressing or
logical addressing.

Segment addressin \/\ evice addressing Logical addressing

[
|
\Q)s)m addressing Node addressing

Flgure 5 — Addressing mode overview

4.8.2 Segment addressing

MAC addresses according to ISO/IEC 8802-3 are used for segment addressing.

4.8.3 Device addressing
4.8.3.1 Structure of device addresses

With this address mode, a 32-bit address within each Type 12 DLPDU is split into a 16-bit
slave device address and a 16-bit physical address within the slave device, thus leading to 216
slave device addresses, each with an associated 16-bit local address space. With device
addressing, each Type 12 DLPDU uniquely addresses one single slave device.

This mode is most suitable for transferring parameter data. There are two different device
addressing mechanisms as follows:
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e position addressing;

e node addressing.
4.8.3.2 Position addressing

Position addressing is used to address each slave device via its physical position within the
segment. Each slave device increments the 16-bit address field as the DLPDU transits the
slave device; that device which receives a DLPDU with an address field of value 0O is the one
being addressed. Due to the mechanism employed to update this address while transiting the
node, the slave device address in position addressing is referred to as an auto-increment
address.

EXAMPLE If the 10th slave device in the segment is to be addressed, the master de
position addressing with a start device address value of -9, which is incremented by on
DLPDU transits.

In practice, position addressmg |s used during a start-up phase durlng wh|c th

sgnds™g DLPDU with

need to be set manually at the slaves.

4.8.3.3 Node addressing

With node addressing, the slaves are’s
the master during the data-link start-up

4.8.4 Logica@r sSi
For logical addressing within

is used as a singJe

The logical addressinyg
process data.

mode is particularly suitable for transferring and/or exchanging cyclic

4.8.5 FMMU introduction

Fieldbus memory management units (FMMU) handle the local assignment of physical slave
memory addresses to logical segment-wide addresses, as shown in Figure 6.
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Slave device

’ Physical memory ‘

FMMU

!ﬁi&t

Logical address space

Figure 6 — Fieldbus memory management unjt overvie

slave devices during the data-link start-up phase. For e

are configured: a logical, bit-oriented start address, F
length, and a type that specifies the direction of the y
the memory of a slave device can thus be mapped bi

4.8.6 Sync Manager if

The Sync Managgef\Sy
defines a consis 3

basic slave ctlona ity To allow for direct communication W|th another master device. Slave
devices should support the full slave functionality.

A full slave supports

e logical addressing;
e position addressing; and

e node addressing.

Thus full slave devices need both an FMMU and address auto-increment functionality.

Full slaves may support segment addressing. Full slaves that support segment addressing are
called segment address slave device.

Only full slaves can be connected within a Type 12 segment.

Full document details: IEC 61158-3-12 2007
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4.9.1.2 Basic slave

Basic slave devices support node addressing and segment addressing.

4.10 Structure of the communication layer in the slave

The attributes are related to the physical memory of a slave, which can be read or written from
the master. The physical memory consists of registers and DL-user memory. The register area
contains information for configuration, management and device identification in the DLL. The
use of the DL-user memory is defined by the DL-user. Figure 7 shows the outline of the
interactions between DL-user and DLL and between DLL and communication.

RN

DL-user

Event Event
Read local Write local Read local Write Igcal vent
h h A

\ 2

v4 N
2 . 7 8w
Register DL-user mermary
b b
SyncM SyncM

; N
D(Sa&e@
A
\ Y N

HE BN \)\/ o
Write F%\ ite PhL Read
% N/

re 7 —N.ayering of communication

area (1) may (depending on the written register) result in a
¥ DL-User, followed by a read local request primitive from the

The DL-user will set up the register with write register local and update it if needed and
possible (4). A DL read service to the register area will only access the register area without
informing the DL-user (5).

The DL-user memory area access is coordinated by the sync manager. Access without the
sync manager can be done in a similar way as the register access but consistency constraints
and the lack of events indicating changes caused by the master may limit this method of use.
The description of DL-user memory access assumes use of the sync manager.

A DL write service to the DL-user memory area (6) will result in an event indication primitive to
the DL-user, followed by a read local request primitive from the DL-user to get the written
values (7).

The DL-user will write the DL-user memory area with a write local request primitive (8). The
DL-user memory area will be read by the master with a DL read service (9) which will issue an
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event indication primitive to the DL-user (10) to indicate that the DL-user memory area has
been read and can be written by the DL-user again.

A slave responds to all read and write requests, and may respond to combined read/write
requests.

5 Communication services

5.1 Overview

Services are described from the point of view of the master. The execution of the service within
the slave is described in Clause 6.

The data-link layer specifies services for reading, writing and exchan

read. The addressed unit will copy the data in th¢ data raer. With broadcast service, the

data.

If there is only one slave connected to[a master, ice procedure is executed according
to the client server model. If several slave (always in series), the invocation of
the service procedure is i output of one slave serves as the input

to the next slave.

The service procgdures_are sSi
and processing @ ibined

services as specified

ses confirmed services instead of unconfirmed
e flow of information between service primitives is
adapted to this sit iates a request service and receives a corresponding
confirmation. Ea indication of the data it receives, while forwarding that
data after possi p e next slave. Figure 8 shows this control flow.

AN
ster\ Slave 1 Slave x Slave n

xxx. cnf XXX. re XXX. req XXX. req XXX. req

~_ [ . 1 [ ]

Figure 8 — Flow of Type 12 service primitives

5.2 Read services
5.2.1 Overview

With the read services, a master reads data from the memory of one or many slaves.
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5.2.2 Positional physical read (APRD)
With the APRD service, a master reads data from memory or register of one slave selected by

the physical ordering of the slave in the segment. Table 1 shows the service primitives and
parameter of the APRD service.

Table 1 — Auto-increment physical read (APRD)

DL-AUTOINCREMENT-PHYSICALREAD Request Confirm
Parameter name input output
Ordinal device number M M
Device data area M /™
DLS-user data U
Working counter M M/\\

NOTE The method by which a confirm primitive is correla d
corresponding preceding request primitive is a local m S e 1

Parameter description

Ordinal device number

This parameter specifies the ordinal index of the addres device in the wired

communication chain. In the confirmatio
devices is given.

Device data area

DLS-user data

On confirm this,
valid at the add

unchang@
Working coun

This para

able 2 — Configured-addresse physical read (FPRD)

DL-CONFIGURED-PHYSICALREAD Request Confirm
Parameter name input output
Configured device number M
Device data area M
DLS-user data U U
Working counter M M

NOTE The method by which a confirm primitive is correlated with its
corresponding preceding request primitive is a local matter. See 1.2.

Parameter description
Configured device number
This parameter specifies the configured station address of the addressed demecuments
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