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DIN EN 61158-4-7:2008-09
Beginn der Giiltigkeit
Die von CENELEC am 2008-02-01 angenommene EN 61158-4-7 gilt als DIN-Norm ab 2008-09-01.

Daneben darf DIN EN 61158-4:2005-05 noch bis 2011-02-01 angewendet werden.

Nationales Vorwort

Mit DIN EN 61158-4-1:2008-09, DIN EN 61158-4-2:2008-09, DIN EN 61158-4-3:2008-09,
DIN EN 61158-4-4:2008-09, DIN EN 61158-4-8:2008-09, DIN EN 61158-4-11:2008-09,

DIN EN 61158-4-12:2008-09, DIN EN 61158-4-13:2008-09, DIN EN 61158-4-14:2008-09,
DIN EN 61158-4-16:2008-09, DIN EN 61158-4-17:2008-09, DIN EN 61158-4-18:2008-09 und
DIN EN 61158-4-19:2008-09 Ersatz far DIN EN 61158-4:2005-05.

Vorausgegangener Norm-Entwurf: E DIN EN 61158-400:2006-11.

Fir diese Norm ist das nationale Arbeitsgremium K 956 ,Feldbus“ der DKE Deutsche Kommission
Elektrotechnik Elektronik Informationstechnik im DIN und VDE (www.dke.de) zustandig.

Die enthaltene IEC-Publikation wurde vom SC 65C ,Industrial networks* erarbeitet.

Das IEC-Komitee hat entschieden, dass der Inhalt dieser Publikation bis zu dem Datum (maintenance result
date) unverandert bleiben soll, das auf der IEC-Website unter ,http://webstore.iec.ch® zu dieser Publikation
angegeben ist. Zu diesem Zeitpunkt wird entsprechend der Entscheidung des Komitees die Publikation

—  bestatigt,

—  zurickgezogen,

— durch eine Folgeausgabe ersetzt oder

— geandert.

Fir den Fall einer undatierten Verweisung im normativen Text (Verweisung auf eine Norm ohne Angabe des
Ausgabedatums und ohne Hinweis auf eine Abschnittsnummer, eine Tabelle, ein Bild usw.) bezieht sich die
Verweisung auf die jeweils neueste gultige Ausgabe der in Bezug genommenen Norm.

Fir den Fall einer datierten Verweisung im normativen Text bezieht sich die Verweisung immer auf die in
Bezug genommene Ausgabe der Norm.

Der Zusammenhang der zitierten Normen mit den entsprechenden Deutschen Normen ergibt sich, soweit ein
Zusammenhang besteht, grundsatzlich Gber die Nummer der entsprechenden IEC-Publikation. Beispiel:
IEC 60068 ist als Europaische Norm EN 60068 durch CENELEC Gbernommen und als DIN EN 60068 ins
Deutsche Normenwerk aufgenommen.

Einfiihrung

Ein Feldbus ist ein digitaler serieller Datenbus fir die Kommunikation zwischen Geraten der industriellen
Automatisierungstechnik wie beispielsweise Messeinrichtungen, Stellgliedern, Reglern und speicherprogram-
mierbaren Steuerungen. Die Normen der Reihe DIN EN 61158 legen eine Anzahl von Feldbus-Protokolltypen

fest.

Die vorliegende Norm legt das Protokoll des Data Link Layer fir Typ 7-Elemente fest (WorldFIP).
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Anderungen
Gegeniiber DIN EN 61158-4:2005-05 wurden folgende Anderungen vorgenommen:

a) Streichung des Typ 6-Feldbusses und des Platzhalters flr einen Data Link Layer des Typ 5-Feldbusses
wegen zu geringer Marktbedeutung;

b) Hinzufligung von weiteren Feldbustypen;

c) Aufteilung in mehrere Teile, jeweils als 4-1, 4-2, ..., 4-19 benummert.

Frithere Ausgaben

DIN V 19245-1: 1988-01
DIN 19245-1: 1991-04

DIN 19245-2: 1991-04

DIN EN 50170-1: 1997-07
DIN EN 50170-2: 1997-07
DIN EN 50170-3: 1997-07
DIN EN 50254: 1999-07
DIN EN 50170/A1: 2002-11
DIN EN 50170/A2: 2000-08
DIN EN 50170/A3: 2002-11
DIN EN 61158-4: 2005-05
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EUROPAISCHE NORM EN 61158-4-7

EUROPEAN STANDARD
NORME EUROPEENNE Februar 2008

ICS 35.100.20; 25.040.40 Ersatz fur EN 61158-4:2004 (teilweise)

Deutsche Fassung

Industrielle Kommunikationsnetze —
Feldbusse —
Teil 4-7: Protokollspezifikation des Data Link Layer (Sicherungsschicht) —

Typ 7-Elemente
(IEC 61158-4-7:2007)

Industrial communication networks — Réseaux de communication industriels —
Fieldbus specifications — Spécifications des bus de terrain —
Part 4-7: Data-link layer protocol specification — Partie 4-7: Spécification des protocoles des
Type 7 elements couches de liaison de données —
(IEC 61158-4-7:2007) Eléments de type 7

(CEI 61158-4-7:2007)

Diese Europaische Norm wurde von CENELEC am 2008-02-01 angenommen. Die CENELEC-Mitglieder
sind gehalten, die CEN/CENELEC-Geschéftsordnung zu erfiillen, in der die Bedingungen festgelegt sind,
unter denen dieser Europaischen Norm ohne jede Anderung der Status einer nationalen Norm zu geben
ist.

Auf dem letzten Stand befindliche Listen dieser nationalen Normen mit ihren bibliographischen Angaben
sind beim Zentralsekretariat oder bei jedem CENELEC-Mitglied auf Anfrage erhaltlich.

Diese Europaische Norm besteht in drei offiziellen Fassungen (Deutsch, Englisch, Franzdsisch). Eine
Fassung in einer anderen Sprache, die von einem CENELEC-Mitglied in eigener Verantwortung durch
Ubersetzung in seine Landessprache gemacht und dem Zentralsekretariat mitgeteilt worden ist, hat den
gleichen Status wie die offiziellen Fassungen.

CENELEC-Mitglieder sind die nationalen elektrotechnischen Komitees von Belgien, Bulgarien,
Danemark, Deutschland, Estland, Finnland, Frankreich, Griechenland, Irland, Island, Italien, Lettland,
Litauen, Luxemburg, Malta, den Niederlanden, Norwegen, Osterreich, Polen, Portugal, Rumanien,
Schweden, der Schweiz, der Slowakei, Slowenien, Spanien, der Tschechischen Republik, Ungarn, dem
Vereinigten Kénigreich und Zypern.

CENELEC

Europaisches Komitee fur Elektrotechnische Normung
European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique

Zentralsekretariat: rue de Stassart 35, B-1050 Briissel

© 2008 CENELEC — Alle Rechte der Verwertung, gleich in welcher Form und in welchem Verfahren,
sind weltweit den Mitgliedern von CENELEC vorbehalten.

Ref. Nr. EN 61158-4-7:2008 D
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Vorwort

Der Text des Schriftstlicks 65C/474/FDIS, zukinftige 1. Ausgabe von IEC 61158-4-7, ausgearbeitet von dem
SC 65C ,Industrial networks“ des IEC/TC 65 ,Industrial-process measurement, control and automation®,
wurde der IEC-CENELEC Parallelen Abstimmung unterworfen und von CENELEC am 2008-02-01 als
EN 61158-4-7 angenommen.

Dieser und die weiteren Teile der Normenreihe EN 61158-4 ersetzen EN 61158-4:2004.

Gegenlber EN 61158-4:2004 wurden die folgenden Anderungen durchgefiihrt:

— Streichung des Typ 6-Feldbusses und des Platzhalters fir einen Data Link Layer des Typ 5-Feldbusses
wegen zu geringer Marktbedeutung;

— Hinzuflgung von weiteren Feldbustypen;

— Aufteilung in mehrere Teile, jeweils als 4-1, 4-2, ..., 4-19 benummert.

Nachstehende Daten wurden festgelegt:

— spatestes Datum, zu dem die EN auf nationaler Ebene
durch Veroffentlichung einer identischen nationalen
Norm oder durch Anerkennung ibernommen werden
muss (dop):  2008-11-01

— spatestes Datum, zu dem nationale Normen, die
der EN entgegenstehen, zurlickgezogen werden
missen (dow):  2011-02-01

ANMERKUNG Die Anwendung einiger der aufgefuihrten Protokolltypen wird durch die Inhaber der Rechte an geistigem
Eigentum hieran eingeschrankt. Die Zusage zur begrenzten Freigabe ihrer Rechte an geistigem Eigentum durch die
Inhaber erlaubt in jedem Fall die Anwendung eines bestimmten Data Link Layer-Protokolls zusammen mit einem Physical
Layer- und einem Application Layer-Protokoll in Typzusammenstellungen, die in der Normenreihe EN 61784 angegeben
sind. Die Anwendung der verschiedenen Protokolltypen in anderen Zusammenstellungen erfordert mdglicherweise die
Erlaubnis des jeweiligen Inhabers der Rechte an dem entsprechenden geistigen Eigentum.

Der Anhang ZA wurde von CENELEC hinzugefugt.

Anerkennungsnotiz

Der Text der Internationalen Norm IEC 61158-4-7:2007 wurde von CENELEC ohne irgendeine Abanderung
als Europaische Norm angenommen.

In der offiziellen Fassung sind unter ,Literaturhinweise® zu den aufgelisteten Normen die nachstehenden
Anmerkungen einzutragen:

IEC 60870-5-1 ANMERKUNG Harmonisiert als EN 60870-5-1:1993 (nicht modifiziert).

IEC 61131-2 ANMERKUNG Harmonisiert als EN 61131-2:2007 (nicht modifiziert).

IEC 61131-3 ANMERKUNG Harmonisiert als EN 61131-3:2003 (nicht modifiziert).

IEC 61158-5-7 ANMERKUNG Harmonisiert als EN 61158-5-7:2008 (nicht modifiziert).

IEC 61158-6-7 ANMERKUNG Harmonisiert als EN 61158-6-7:2008 (nicht modifiziert).

IEC 61784-1 ANMERKUNG Harmonisiert als EN 61784-1:2008 (nicht modifiziert).
ISO/IEC 9646-1 ANMERKUNG Harmonisiert als EN ISO/IEC 9646-1:1996 (nicht modifiziert).
ISO/IEC 9646-2 ANMERKUNG Harmonisiert als EN ISO/IEC 9646-2:1996 (nicht modifiziert).
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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.

The data-link protocol provides the data-link service by making use of the services available from
the physical layer. The primary aim of this standard is to provide a set of rules for communication
expressed in terms of the procedures to be carried out by peer data-link entities (DLEs) at the time
of communication. These rules for communication are intended to provide a sound basis for
development in order to serve a variety of purposes:

a) as a guide for implementors and designers;

b) for use in the testing and procurement of equipment;

c) as part of an agreement for the admittance of systems into the open systems environment;

d) as a refinement to the understanding of time-critical communications within OSI.

This standard is concerned, in particular, with the communication and interworking of sensors,
effectors and other automation devices. By using this standard together with other standards

positioned within the OSI or fieldbus reference models, otherwise incompatible systems may work
together in any combination.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-7: Data-link layer protocol specification — Type 7 elements

1 Scope

1.1 General

The data-link layer provides basic time-critical messaging communications between devices in an
automation environment.

This protocol provides communication opportunities to all participating data-link entities

a) in a synchronously-starting cyclic manner, according to a pre-established schedule, and
b) in a cyclic or acyclic asynchronous manner, as requested each cycle by each of those data-link
entities.

Thus this protocol can be characterized as one which provides cyclic and acyclic access
asynchronously but with a synchronous restart of each cycle.

1.2 Specifications
This standard specifies

a) procedures for the timely transfer of data and control information from one data-link user entity to
a peer user entity, and among the data-link entities forming the distributed data-link service
provider;

b) the structure of the fieldbus DLPDUs used for the transfer of data and control information by the
protocol of this standard, and their representation as physical interface data units.

1.3 Procedures
The procedures are defined in terms of

a) the interactions between peer DL-entities (DLEs) through the exchange of fieldbus DLPDUs;

b) the interactions between a DL-service (DLS) provider and a DLS-user in the same system
through the exchange of DLS primitives;

c) the interactions between a DLS-provider and a Ph-service provider in the same system through
the exchange of Ph-service primitives.

1.4 Applicability

These procedures are applicable to instances of communication between systems which support
time-critical communications services within the data-link layer of the OSI or fieldbus reference
models, and which require the ability to interconnect in an open systems interconnection
environment.

Profiles provide a simple multi-attribute means of summarizing an implementation’s capabilities, and
thus its applicability to various time-critical communications needs.

1.5 Conformance

This standard also specifies conformance requirements for systems implementing these procedures.
This part of this standard does not contain tests to demonstrate compliance with such requirements.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

IEC 61158-2 (Ed.4.0), Industrial communication networks — Fieldbus specifications — Part 2:
Physical layer specification and service definition

IEC 61158-3-7, Industrial communication networks — Fieldbus specifications — Part 3-7: Data link
service definition — Type 7 elements

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 10731, Information technology — Open Systems Interconnection — Basic Reference Model
— Conventions for the definition of OSI services

3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the following terms, definitions, symbols and abbreviations
apply.

3.1 Reference model terms and definitions

This standard is based in part on the concepts developed in ISO/IEC 7498-1 and ISO/IEC 7498-3,
and makes use of the following terms defined therein.

3.1.1 correspondent (N)-entities [7498-1]
correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)

3.1.2 DL-address [7498-3]
3.1.3 DL-connection [7498-1]
3.1.4 DL-connection-end-point [7498-1]
3.1.5 DL-connection-end-point-identifier [7498-1]
3.1.6 DL-name [7498-3]
3.1.7 DL-protocol [7498-1]
3.1.8 DL-protocol-connection-identifier [7498-1]
3.1.9 DL-protocol-control-information [7498-1]
3.1.10 DL-protocol-data-unit [7498-1]
3.1.11 DL-relay [7498-1]
3.1.12 DL-service-connection-identifier [7498-1]
3.1.13 DL-service-data-unit [7498-1]
Documentg
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3.1
3.1
3.1

3.1

3.1

3.1

3.1

3.1

3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1
3.1

3.2 Service convention terms and definitions

A4
15
.16

A7

.18

19

.20

.21

.22
.23
.24
.25
.26
.27
.28
.29
.30
31

DL-user-data
flow control

(N)-entity
DL-entity
Ph-entity

(N)-interface-data-unit
DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)

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

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

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

(N)-service-access-point-address

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

peer-entities
Ph-interface-control-information
Ph-interface-data

primitive name

reset

responding-DL-address

routing

segmenting

sequencing

system management
systems-management

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

[7498-1]

[7498-1]

[7498-1]

[7498-1]

[7498-1]

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

This standard also makes use of the following terms defined in ISO/IEC 10731 as they apply to the
data-link layer:

3.2.1 confirm (primitive);

requestor.deliver (primitive)

3.2.2 deliver (primitive)

3.2.3 DL-service-primitive;

primitive

3.2.4 DL-service-provider
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3.2.5 DL-service-user
3.2.6 DL-user-optional-facility

3.2.7 indication (primitive)
acceptor.deliver (primitive)

3.2.8 multi-peer

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

3.2.10 requestor

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

3.2.12 submit (primitive)

3.3 Other terms and definitions

NOTE Many definitions are common to more than one protocol Type; they are not necessarily used by all protocol Types.

For the purpose of this part of IEC 61158, the following definitions also apply:

3.3.1

acknowledgement response DLPDU

information that the recipient of an acknowledged message emits in order to signal either the proper
reception of the message or the lack of available resources to store the message, received by the
DLE on the local link that emitted the message which requested the acknowledgement

3.3.2

basic cycle

sequence of scanning by the bus-arbitrator of:

a) a set of DLCEP-identifiers for variables, requests, and cyclical application messages,
b) plus the window provided for aperiodic exchanges,

c) plus the window provided for message services,

d) plus the window provided for synchronization

3.3.3

basic transaction
succession of DLPDUs related to a single DL-service instance

3.34
bus-arbitrator (BA)
DLE that controls each data producer's right to access the medium

NOTE At any given instant one and only one bus-arbitrator is active in each DL-segment of a DL-subnetwork.

3.35

consumed identified variable

identified variable that corresponds to a DLCEP-identifier for which the entity in question receives
data

3.3.6

control field

portion of an emitted or received DLPDU that gives the nature of the data exchanged and the type of
exchange
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3.3.7

destination address

three octets specifying the DL-segment of the DLE to whom the message is sent, and the
destination DLSAP’s sub-address within the local link DL-segment

3.3.8

DLCEP-address

information that the bus-arbitrator emits to allocate the medium to a data producer for the purpose of
exchanging a variable

3.3.9

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

3.3.10

DLSAP

distinctive point at which DL-services are provided by a single DL-entity to a single higher-layer
entity.

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of the critical distinction
between DLSAPs and their DL-addresses. (See Figure 1.)

DLS-user-entity

DLS-user-entity

DLS-users

DLSAFLJ - DLSAF?/ N
e
P
s DLSAP- N
DLSAP- address “group DI~ DLSAP-
addresses address address
DL-layer DL-entity
PhSA P, / PhSA F’ A B
Ph-layer E— S

NOTE 1 DLSAPs and PhSAPs are depicted as ovals spanning the boundary between two adjacent layers.
NOTE 2 DL-addresses are depicted as designating small gaps (points of access) in the DLL portion of a DLSAP.

NOTE 3 A single DL-entity may have multiple DLSAP-addresses and group DL-addresses associated with a single
DLSAP.

Figure 1 — Relationships of DLSAPs, DLSAP-addresses and group DL-addresses
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3.3.11

DL(SAP)-address

either an individual DLSAP-address, designating a single DLSAP of a single DLS-user, or a group
DL-address potentially designating multiple DLSAPs, each of a single DLS-user.

NOTE This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-address to
designate more than a single DLSAP at a single DLS-user

3.3.12
(individual) DLSAP-address
DL-address that designates only one DLSAP within the extended link

NOTE A single DL-entity may have multiple DLSAP-addresses associated with a single DLSAP.

3.3.13

end of message transaction indication DLPDU

information that the source entity of a message emits in order to return link access control to the
bus-arbitrator at the end of a message transaction

3.3.14

extended link

DL-subnetwork, consisting of the maximal set of links interconnected by DL-relays, sharing a single
DL-name (DL-address) space, in which any of the connected DL-entities may communicate, one with
another, either directly or with the assistance of one or more of those intervening DL-relay entities

NOTE An extended link may be composed of just a single link.

3.3.15
frame
denigrated synonym for DLPDU

3.3.16

group DL-address

DL-address that potentially designates more than one DLSAP within the extended link. A single
DL-entity may have multiple group DL-addresses associated with a single DLSAP. A single DL-entity
also may have a single group DL-address associated with more than one DLSAP

3.3.17
identified variable (or simply "variable")
DLL variable (buffer) for which an associated DLCEP-identifier has been defined

3.3.18

identifier

16-bit word associated with a system variable. A DLCEP-identifier uniquely designates a single
variable within the DL-subnetwork

3.3.19
invalid DLCEP-identifier
identifier not recognized locally

3.3.20

local link

set of devices that respect the DL-protocol and that are interconnected through a medium . Only one
bus-arbitrator is active on a single local link

3.3.21
macrocycle
set of basic cycles needed for all cyclical DLCEP-identifiers to be scanned
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3.3.22

message DL-address

information that the bus-arbitrator emits to allocate the medium to a source entity for a message
transfer

3.3.23
message response DLPDU
information that a data producer emits in response to a message DLCEP-identifier DLPDU

NOTE The desired destination entity or entities pick up this information.

3.3.24
node
single DL-entity as it appears on one local link

3.3.25
periodic scanning of variables
action by the bus-arbitrator that guarantees the cyclical exchange of variables

NOTE This is the basic principle of the Type 7 DL-service and protocol.

3.3.26
produced identified variable
identified variable that corresponds to a DLCEP-identifier for which the DLE emits data

3.3.27
receiving DLS-user
DL-service user that acts as a recipient of DL-user-data

NOTE A DL-service user can be concurrently both a sending and receiving DLS-user.

3.3.28

request DLCEP-address

information that the bus-arbitrator emits to allocate the medium to the initiator of an explicit request
for a variable exchange

3.3.29

request response DLPDU

information that the initiator of an explicit request for a variable exchange emits in response to a
request DLCEP-identifier DLPDU, and to whose transmittal the bus-arbitrator also responds

3.3.30
sending DLS-user
DL-service user that acts as a source of DL-user-data

3.3.31

source address

24-bit word including the DL-segment number of the entity sending the message, and the entity's
sub-address within the DL-segment

3.3.32
timers
see 5.6

3.3.33
triggered message scanning
function of a bus-arbitrator that makes it possible to transfer messages
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3.3.34
triggered scanning of variables
function of a bus-arbitrator that makes possible the non-cyclical exchange of variables

3.3.35
triggered periodic scanning of messages
function of a bus-arbitrator that makes it possible to request triggered message exchanges cyclically

3.3.36
triggered periodic scanning of variables
function of a bus-arbitrator that makes it possible to request triggered variable transfers cyclically

3.3.37

turnaround time

time interval between reception or emission of the last MAC symbol of a DLPDU, signaled by a
SILENCE indication from the PhL, and the reception or emission of the first MAC symbol of the
subsequent DLPDU, signaled by an ACTIVITY indication from the PhL, both as measured in a given
station

3.3.38

variable response DLPDU

information that a data producer emits in response to a DLCEP-identifier DLPDU, which also alerts
data consumers to the relevance of the immediately time-proximate DLPDU

3.4 Symbols and abbreviations

3.41 BA bus-arbitrator

3.4.2 B_Dat_Cons buffer which contains the value of the data consumed

3.4.3 B_Dat_Prod buffer which contains the value of the data produced

3.4.4 B_Reql1/2 buffer containing the list of DLCEP-identifiers that are the objet

of a specified explicit request for a transfer at the priority 1
(urgent) or 2 (normal)

3.4.5 ID_DAT DLPDU used to allocate the medium to a buffer transfer

3.4.6 ID_MSG DLPDU used to allocate the medium to a message exchange

3.4.7 ID_RQ1/2 DLPDU used to allocate the medium to a request for a buffer
transfer

3.4.8 PRT physical reaction time

3.4.9 Q_IDMSG queue of requested DLCEP-identifiers received by the BA for

message transfer

3.4.10 Q_IDRQ1/2 queue of requested DLCEP-identifiers received by the BA at
the priority 1 (urgent) or 2 (normal)

3.4.11 Q_Msg_Cyc queue which contains messages to be emitted that are
associated with cyclical exchanges

3.4.12 Q_Msg_Aper queue which contains messages to be emitted that are
associated with aperiodic exchanges

3.4.13 Q_Req1/2 gueue containing the list of DLCEP-identifiers that are the
objet of a free explicit request for a transfer at the priority 1
(urgent) or 2 (normal)
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3.4.14 Q_RPRQ queue for aperiodic transfers in progress

3.4.15 RQ_Inhibit Indicator used to manage explicit request for variable
exchanges

3.4.16 RP_ACK DLPDU used to transfer an acknowledgement of message

exchange, Transfer OK

3.4.17 RP_DAT DLPDU used to carry the value of the identified variable
previously requested.

3.4.18 RP_DAT_MSG DLPDU used to carry the value of the identified variable
previously requested with a request for a message exchange.

3.4.19 RP_DAT_RQ1/2 DLPDU used to carry the value of the identified variable
previously requested with a request for an explicit transfer of
variables.

3.4.20 RP_DAT_RQ1/2_MSG DLPDU used to carry the value of the identified variable
previously requested with a request for an explicit transfer
of variables and a request for a message transfer.

3.4.21 RP_MSG_ACK DLPDU used to carry the message to be exchanged with a
request of acknowledgement of this exchange.

3.4.22 RP_MSG_NOACK DLPDU used to carry the message to be exchanged without a
request of acknowledgement of this exchange.

3.4.23 RP_NAK DLPDU used to transfer an acknowledgement of message
exchange, that the message was received correctly, but was
not stored by the DLE.

3.4.24 RP_END DLPDU used to terminate a message exchange.

3.4.25 STT station turnaround time

3.4.26 TI latency time
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4 Overview of the DL-protocol

4.1 Overall description of medium allocation

An element known as the bus-arbitrator (BA) controls the right of each data producer to access the
medium by emitting a DLPDU containing a DLCEP-identifier. At any given instant there should be
only one active bus-arbitrator in each local link.

NOTE The term "data producer" designates the sole station connected to the local link that is recognized as having the
responsibility of emitting the data associated with the identifier DLPDU circulating on the medium.

Each transaction belongs to one of the three medium allocation classes defined below:

— cyclical exchange of variables, requests, or messages,
— explicit request for variable exchange,
— explicit request for message transfer.

For cyclical variable exchanges a basic transaction is made up of the following phases. The bus-
arbitrator broadcasts a variable identifier DLPDU. The sole producer of the information required then
broadcasts a variable response DLPDU. During this phase consumers take the information from the
local link. Figure 2 shows the various phases of a variable exchange transaction. When one
transaction has been completed the bus-arbitrator begins the following transaction according to
guidelines defined when the system is configured.

During a cyclical variable exchange the information producer can, using the response DLPDU,
transmit to the BA an explicit request for the exchange of variables or messages.

For an explicit request for a variable exchange, a basic transaction is made up of the following
phases: The bus-arbitrator broadcasts a request identifier DLPDU. Then the initiator of the request
broadcasts a request response DLPDU. One or more transactions identical to the cyclical variables
exchange transaction then follow.

For message transfers a basic transaction consists of the following phases: The bus-arbitrator
broadcasts a message identifier DLPDU. Then the message response DLPDU is exchanged
between the communicating entities. This DLPDU may or may not be followed by an
acknowledgement DLPDU. The source entity then transmits an end of transaction indication DLPDU
to the bus-arbitrator.

The time interval separating the reception or emission of the end of one DLPDU and the emission or
reception of the following DLPDU is known as the station's turnaround time, whether the station's
function be that of a producer/consumer or bus-arbitrator.

A more detailed definition of turnaround time is given in 3.3.37. The impact of turnaround time on
data-link timers is described in 5.6.2.

The role of the bus-arbitrator is to "give the floor" to each data producer, taking into account the
services required for the type of data (according to the three medium allocation classes defined
above).

The bus-arbitrator thus has three types of functions:

— periodic scanning of variables or periodic triggering of variable and message exchanges,
— triggered scanning of variables,
— triggered scanning of messages.

In addition, the bus-arbitrator can provide a synchronization function in order to guarantee the
constant length of scanning cycles.
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Each type of scanning takes place in a specific window, that is, respectively in a periodic window, an
aperiodic variables window, an aperiodic messages window, or a synchronization window, as shown
in Figure 2. These four windows constitute a basic scanning cycle.

Phase 1: The Bus Arbitrator broadcasts a DL-ide ntifier

D : Device A : (Bus) Arbitrator

BN N UENEN L]

D D D A D D D D D

Phase 2: Recognition of this DL-ide ntifier:

- by the DLE that publis hes the associated data ]
- by all the other DLEs which subscribe to the data N

D D A D

Phase 3: The publishing DLE broadcasts the data

NN A

D D D A D D D D D

Phase 4: The data is received by all the subscribing DLEs

\ \

D D A D

D

Figure 2 — General description of medium allocation

The medium access technique has the following characteristics:

— broadcasting of identified variables,
— increased efficiency in cyclical variable exchanges,
— parameters for medium sharing can be set by the user when the system is configured,

— guaranteed access time for cyclical variable exchanges, under all circumstances and regardless
of the number of requests for triggered variable and/or message exchanges.

— possibility of triggering a transaction in accordance with a global clock, that is a clock that
indicates the same time for all stations.
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In addition, the medium access technique makes it possible to:

— give cyclical exchanges highest priority,
— respect the scanning period associated with each variable,

— give different priorities to triggered messages transfers and variable exchanges. These
transactions are triggered in adjustable windows: the lengths of the "aperiodic variable" and
"aperiodic message" windows are defined in terms of maximum limits set by the user when the
system is configured.

— change the priority of aperiodic transactions by inserting them in the periodic window.
4.2 Types of entities
4.2.1 Producer/consumer entity

DLL services use various types of DLPDUs. Each DLPDU type is defined in the control field of the
DLPDU. Interactions between a specific service and DLPDU types will be described in the detailed
specifications of each service.

NOTE 5.5 describes all types of DLPDUs and also explains the use of various fields.
The functioning of an entity belonging to the highest conformance class requires:

— a mechanism for analyzing DLPDU type (use of the control field),
— a table of identifiers recognized upon emission,

— a table of identifiers recognized upon reception (both tables are defined at the interface between
the DLL and system management),

a mechanism that provides read/write access to variables and messages.

The conceptual model of a data-link producer/consumer entity includes various buffers: queues
needed to provide the services offered by the DLL, as shown in .Figure 3.

| DLS-USER
N | A non
E | [ [ [ [
T | [l v Vv Vv_ vV
W | access to | | access to |
ol @ —==—=—=-- | variables | <===-- | messages |
R | ([ [ \ | \ I
K | [ ~ | [
| \AnY I | <-- |
Mol \ e l__
A | | machine | | | machine |
N | | for | | | for reception |[<-->use of
A | | response | | | of identifier | control
G | | emission | | | | fields
Er__ | | ~ | ~
M | | ~ | | | |
E | | | I | v |
N | | | \ | \
T | v | recognition of identifiers | |
| |
| |
\

PHL

Figure 3 — Internal structure of a producer/consumer entity

The following are associated with each identifier produced:

— a buffer called B_DATprod, which contains the value of the variable produced,

— a buffer called B_REQ, containing the list of identifiers that are the object of an explicit request
for a buffer transfer, if the identifier has been reserved for the explicit request for buffer transfer
service,

— a queue called Q_MSGcyc, which contains messages to be emitted that are associated with
cyclical message transfer, if the identifier has been reserved for cyclical message transfer,
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— an indicator of the validity of the identifier produced (system management),
— for each of the B_DATprod and B_REQ buffers, an availability indicator,
— an indicator associated with Q_MSGcyc: queue filled or not,

— indicators used to manage explicit requests for variable exchange and message transfer
requests:

— explicit request for buffer transfer in progress (RQ),
— priority associated with an explicit request (PR),
— scope of the explicit request (RQ_INHIBIT)

— message transfer request in progress (MSG) if the identifier has been reserved for aperiodic
message transfer,

— reference to the queue of messages to be emitted associated with aperiodic message transfer.
The following are associated with each identifier consumed:

— a buffer called B_DATcons, which contains the value of the variable consumed,
— an indicator of the validity of the identifier consumed (system management),
— an indicator linked to the management of B_DATcons: availability of the buffer (access conflict),

NOTE The buffer availability indicator provides information concerning the integrity of data manipulated by service
primitives.

Each entity that supports a message transfer request service also uses:

— a queue called Q_MSGaper, which is associated with aperiodic message transfer and contains
messages to be emitted,

— a queue called Q_MSGrec that contains messages received.

— an indicator of queue status (full or not) is associated with the queue reserved for aperiodic
message transfer.

In addition, each entity that supports acknowledged message service has the following
characteristics:

— value of the source entity's even/odd bit,
— maximum value of the restart counter,

— current value of the restart counter.
The following are associated with the queue Q_MSGrec:

— an indicator of queue status (full or not),
— value of the destination entity's even/odd bit,
— value of the stored source address.

If the entity also supports the free explicit request for buffer transfer service, there are two global
queues for holding free explicit requests for buffer transfer:

— Q_REAQ1 is associated with urgent requests,
Q_REQ2 is associated with normal requests.

A status indicator (full or not) is associated with each queue.

Figure 4 shows many of these associated buffers and queues.
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per identifier produced per identifier consumed
| B DAT | | B REQ | | Q MSG | | B _DAT |
| prod | | I I cyc | | cons
| I (. I o \
per DLE
| Q_REQL| | Q_REQ2| | Q_MSG | | Q_MSG |
| | | | | aper | | rec |
I |

Figure 4 — Associated buffers and queues

Timers associated with the data-link protocol are also managed by the producer/consumer entity
(see 5.6).

Annex B presents an object model that defines the attributes of a DLCEP-identifier.

4.2.2 Bus arbitrator entity

The function provided by the bus-arbitrator consists of "giving permission to speak" to each data
producer. This permission is granted for three types of scanning:

— periodic or triggered periodic scanning of variables and messages,

— triggered scanning of variables,

— triggered scanning of messages.

The bus-arbitrator also provides the following functions:

— chaining of basic transactions,
— chaining of the various types of scanning,

— analysis of DLPDU control fields (the control field carries aperiodic variable and message
requests),

— filling of aperiodic windows in accordance with these requests.

NOTE A basic transaction is made up of the succession of DLPDUs related to a single service.

In addition, the bus-arbitrator can provide a synchronization function to guarantee the constant
length of a basic scanning cycle.

Each type of scanning takes place in a special window: respectively in a periodic window, an
aperiodic variables window, an aperiodic messages window, or a synchronization window.

The four windows constitute a basic scanning cycle.

Figure 5 provides an overview of the bus-arbitrator structure. A more complete description of the
bus-arbitrator is given in 7.4.
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N
E | | scanning |
T |  mmmmmmmm—m——m———— | table [<====mmm=——-
W \ \ \ |
O | \ » ~ |
R | | I | |
K | v I |
| |Imachine for | |requests for| |requests for| |machine for |
M | |emission of | |message | |buffer | |reception of|
A | |identifiers | |transfer | |transfers | |responses |
N || [ [ [ |
A | \ ~ ~ \ »
G | \ \ \ \ |
E | | | (N | |
M | | | use of control field |<---------- |
E | \ \ \ |
N | | |
T | v |
|

PHL

Figure 5 — Internal structure of a bus arbitrator

The conceptual model of the bus-arbitrator details the various tables and queues needed to provide
the services offered by the DLL.

The bus-arbitrator manages according to system configuration, as shown in Figure 6:

— a scanning table with static portions and portions that are modified dynamically during scanning,
— a recovery buffer for the triggered periodic scanning of variables,

— a queue called Q_IDRQ1 for urgent explicit requests for buffer transfer,

— a queue called Q_IDRQ2 for normal explicit requests for buffer transfer,

— a queue for aperiodic transfers in progress (Q_RPRQ),

— a queue called Q_IDMSG for requests for message transfer,

— a basic padding sequence used to fill the synchronization window.

NOTE The management algorithm and/or calculation of these tables should provide equal access rights for the various
entities, that is, starving certain entities should be avoided.

windows: [
| | I
| | Static |-—---] Buffer restart |
periodic | | | | |
| | |
A ‘e
| | Dynamic |----| Q_IDRQl |-----=------- | Q_RPRQ |
aperiodic | | | | \ \ I
.variable | | Dynamic |---------------- | Q IDRQ2 |----- \
N I | |
.message | | Dynamic |-======----===——-——————---—-——- [Q_IDMSG |
L | | |
synchronize | | Dynamic |------- | padding
v

| \ \
Figure 6 — Polling BA Table

4.3 Addressing
4.3.1 DLSAP-user relationship

The role of the DLL is to transmit information reliably and in accordance with a transmission
protocol.

Within a single physical station several user entities have access to DLL services. Each of these
entities uses a service access point (SAP) belonging to the DLL, in conformance with the ISO's
static model in which each entity (N+1) is recognized by the address of the service access point (N)
to which the entity is statically attached.
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Several associations between user entities are possible on the level of access points to DLL
services.

Thus, in accordance with the ISO model, a user entity (N+1) requests the establishment of a
connection (N) in order to communicate with another user entity (N+1). The (N) entities, each of
which is linked to one of the two (N+1) entities, create and manage this connection after negotiating
it.

All exchanges between the entities (N+1) thus associated take place using this connection. The
connection is identified locally at each SAP by a specific connection end point identifier (CEPI).

The number of DLSAPs corresponds to the number of entities in a station that are potential users of
DLL services.

The number of CEPi per DLSAP corresponds to the number of potential communication links
allocated to the (N+1) entity linked to the DLSAP.

4.3.2 OSI model relationship

This DLL follows the same rules as ISO/IEC 7498. Each potential user entity calls upon the services
of the DLL through a DLSAP.

The DLL places two distinct addressing spaces as the disposal of the DLS-user:

— the addressing space concerning buffer transfer, each identifier being coded in 16 bits,

— the addressing space concerning message exchanges, which enables addressing messaging
DLS-users, each address being coded in 24 bits.

The identifiers, encoded in 16 bits, allow addressing buffers within a local link, whereas the
messaging addresses, encoded in 24 bits are meant to identify all the messaging DLS-users of the
DL-subnetwork, that is those of all the DL-segments of the DL-subnetwork. Consequently, a
communication system composed of n local links will have a single messaging address space but
will have n identifier spaces to address the buffers.

Figure 7 illustrates this usage.

777777 \ I I
\ [
| MPS ENTITY | | Sub-MMS ENTITY
|

| Message Service |
| Constructor ENTITY |
| |

\
!

————— (o) === === == () === mmmmmmmmmmmm o (L) o mmm oo

DLSAP MPS . DLSAP Sub-MMS .

—————————————————————————— (tm) == mm e
PHYSAP
PHL

Figure 7 — Addressing scheme
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4.3.2.1 Buffer transfer addressing

For reasons relating to performance and determinism, all associations between the various DLL user
entities are known and defined when the system is configured.

Thus upon configuration the number of DLSAP is known, as well as the number of connections
within the DLSAP.

This DLL uses broadcasting as its mode of transmission over the physical support. There is one
producer and one or more consumers of each piece of information transmitted.

The connections within each DLSAP are multipoint connections providing unilateral communication
(connections have more than two extremities, and over these connections data communication
occurs in a single direction set in advance: from the producer to the consumers).

Connection end point identifiers (CEPi) that are known as identifiers and are encoded using 16 bits
identify associations between user entities.

Thus CEPis are not recognized locally within a DLSAP, but globally throughout the DL-subnetwork,
and the role of the DLSAP address is less important in the addressing model.

Thus the concept of an DLSAP is not the same as in the general ISO model. This DLL represents a
group of between 1 and n identifiers employed by a user entity attached to the DLL. On the other
hand, a DLSAP does not address the Application entity directly, but through the use of identifiers.

Each connection (identifier) can be used differently (according to the configuration and periodic or
aperiodic services chosen) to communicate with other stations (variable transfers) or with the bus-
arbitrator (requests for aperiodic transfers).

4.3.2.2 Message exchange addressing
4.3.2.2.1 Addressing requirements

The addressing of the messaging DLS-users must allow meeting the usual communication
requirement such as indicated in the ISO and which are as follows:

— point-to-point communication between two DLS-users, whether or not located in the same local
link,

— multipoint communication between an entity and all the entities of a group, the latter being
located in the same equipment or the local link or the extended link,

— communication by distribution between a DLS-user and all the other DLS-users of a DLE, a local
link or the extended link.

NOTE This corresponds to the reservation of a particular group containing all the entities of a device, a local link or the
extended link. The addressing of the messaging DLS-users must distinguish between two types of addresses:

— the physical address, in order to identify an application entity with respect to its physical location, by means of the
DL-segment number and the number of the station where it is located,

— the logic address, in order to identify an application entity whose physical location will not be required.

The notions of restricted groups on the DL-subnetwork with respect to groups of DLS-users in a device or in a DL-segment,
have been defined with an aim to optimize the flow on the bus. Thus when addressing a group, it is thus necessary to have
the possibility of a filter on the level of each bridge. The function of this filter is to prevent distribution on all the
DL-segments of the extended link when this is not necessary.

The addressing of the buffers limits the number of devices on a DL-segment to 256. This must be taken into account in the
messaging addressing mode.

4.3.2.2.2 Encoding of the addresses

The source and addressee DLS-users exchanging messages are identified in a DL-subnetwork with
the help of addresses which are found in the link protocol data units (RP_MSG_NOACK and
RP_MSG_ACK).
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In order to meet the individual addressing requirements of the DLS-users in a device, in a group of
devices of a local link or a group of devices of the extended link, the addressing space offered by
the 24 bits is divided as shown in Figure 8.

li First symbol transmitted

I/G 15 Bits S/N 7 Bits

-} |
24 address bits

I/G designates an individual DLS-user (l)or a group of DLS-users (G)
S/N designates a group of DLS-users on a DL-segment (S) or on the DL-subnetwork (N)

Figure 8 — Address partitioning
The encoding of the individual addresses and the groups of addresses is shown in Table 1.

Table 1 — Individual and group address encoding

/G S/N Type of addressing
0 0 Individual address
1 0 Address of a group in a DL-segment
not significant 1 Address of a group in the DL-subnetwork

The link layer thus offers an addressing space which is divided into two sub-spaces:

— one containing link addresses meant to identify DLS-users individually,
— the other meant to identify DLS-user groups.

The group addresses are themselves divided into two sub-spaces:

— the sub-space defining addresses of restricted groups, thus enabling identification of the DLS-
users which belong to the same local link,

— the other space defining the addresses of generalized groups, thus enabling identification of the
application identities which all belong globally to the DL-subnetwork.

Each of these previously defined sub-spaces (individual addresses and addresses of restricted
groups) are divided into:

— physical addresses,
— logical addresses.

4.3.2.2.2.1 Individual addressing

The individual addresses enabling a DLS-user to correspond with one and only one other DLS-user
are structured as shown in Figure 9 and Figure 10:

a) Individual physical addresses:
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¢7 First bit transmitted

1 bit 7 bits 8 bits 1 bit 7 bits

I DLSAP Station S Segment
00 00 00
to to to
OF FF TF

Figure 9 — Structure of an individual physical address

This structure allows identifying 16 physical DLSAPs per device.

b) Individual logical addresses:

— First bit
¢ transmitted

1 bit 15 bits 1 bit 7 bits

I DLSAP or S Segment
DLCEP
1000 00
to to
TFFF TF

Figure 10 — Structure of an individual logical address
The addressing capacity is a total of 28K logical DLSAPs and DLCEPs per DL-segment.

4.3.2.2.2.2 Addressing of restricted groups

The restricted group addresses which enable a DLS-user to correspond with a group of DLS-users
of the same device or of the same DL-segment are represented by their codes as shown in Figure

11 and Figure 12:

a) Addresses of restricted physical groups:

—

First bit transmitted

1 bit 7 bits 8 bits 1 bit 7 bits
G Group No. Station S Segment

80 00 00

to to to

8F FF TF

Figure 11 — Structure of restricted physical group address

The addressing capacity is then 16 numbers of physical restricted groups in a DLE. The distribution
in a device is ensured by the specific group number, 8F.
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b) Addresses of restricted logical groups:

¢— First bit transmitted
1 bit 15 bits 1 bit 7 bits
G Group No. S Segment
9000 00
to to
FFFF TF

Figure 12 — Structure of a restricted logical group address

This structure allows addressing 28K numbers of restricted logical groups in a local link. FFFF
corresponds to the distribution group in a DL-segment.

4.3.2.2.2.3 Addressing of generalized groups

The addresses of generalized groups allow a DLS-user to correspond with a group of DLS-users on
the extended link. These addresses are divided into three sub-areas:

— an addressing sub-area which can be used by all the equipment of the extended link,
— areserved sub-area,

— a vendor addressing sub-area.

The encoding structure of these addresses is as shown in Figure 13:

16 bits 1 bit 7 bits

Group No. R General

0000 80 A

to to Free for
FFFF BF X vendor
0000 CO

to to Reserved
FFFF FE v
0000 A

to FF Used
FFFF v

Figure 13 — Structure of a generalized group address
This addressing area allows identifying generalized 64K groups by sub-area element.
The distributionto the entire extended link is ensured by means of the particular group number FFFF.

4.3.2.3 Addressing capacity
The encoding rules offer the following possibilities for DL-subnetwork in terms of maximum capacity:

— 126 DL-segments in a DL-subnetwork;
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— the "00" segment number is the DL-segment number by default;

— 256 DLEs per DL-segment in a DL-subnetwork;

— 16 physical DLSAPs in a DLE;

— 16 physical restricted group DL-addresses in a DLE;

— 28K logical DLSAPs in a local link;

— 28K logical restricted group DL-addresses in a local link;

— 64K generalized groups DL-addresses in the DL-subnetwork in the used sub-area.

The exact structure of the encoding of the beginning of an RP_MSG_XX message response DLPDU

is as shown in Figure 14:

CTRL |b8

Physical individual |o 000 X X X QX

o2 ]od] B
[T
Destination
address
(with a distinct 1st

xlox X X

X X X q

Logical individual |0x X X X X X xlx

XlOX X X

XXXX|

Physical restricted |1 000 XXX Xlx

XlOXXX

XXXX|

XlOXXX

XXXXl

group
Logical restricted |1 XXX XXX X|x
group

Used general group |X XXX XXX Xlx

x|1 111

11 11|

Reserved general |x X X X X XX XlX

XlllXX

XXXXl

group

L}
Vendor's general |X T % % %% % X|X

XllOXX

XXXXl

group
CTRL designates the controlled field.

Figure 14 — Summary of address structure

octet of 0000 XXXX)

(with a distinct 1st
octet of 1000 XXXX)

(with a distinct 3rd
octet of 1111 1111)

The source address follows the destination address according to the same encoding.

4.4 Flow control

4.4.1 Variable exchanges

For the cyclical transfer of identified variables the principle of periodic scanning implies the
replacement of an old variable value with a new variable independent of any reading access by the

data consumer.

Management of flow control for these exchanges is definitively settled upon configuration:

— the bus-arbitrator manages flow control by respecting the scanning period associated with the

variable,

— stations manage flow control by associating a buffer with each identified variable.

This principle also applies to triggered variable transfers since the user is only interested in the most
recent validated value, and since the user associates a buffer with each identified variable. In
addition, upon configuration of a DLL system a time delimiter is defined for the aperiodic window for
triggered variable transfers for each of the bus-arbitrator's basic scanning cycles.
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4.4.2 Message transfers

Flow control for message transfers is handled by the acknowledgement mechanism and by the
queues for messages to be emitted and messages received.

When a DLL system is configured a time delimiter is defined for the aperiodic window for triggered
message transfers for each of the bus-arbitrator's basic scanning cycles.

For acknowledged message transfers a portion of flow control is provided upon emission since the
DLL only accepts requests for acknowledged message transfers if there is available space in the
queue for messages to be emitted that is specified in the request. With this type of transfer there is
also flow control upon reception by the queue of messages received and through the transmission of
an acknowledgement DLPDU.

4.4.3 Detection of DLPDU duplication/loss

Detection mechanisms provided apply to errors caused by communication problems (cut-off
DLPDUs, FCS error) or by out-of-service stations.

These errors include:

— loss of a DLCEP-identifier DLPDU,

— lack of a response DLPDU (DLPDU lost or station absent),
— loss of a request response DLPDU,

— loss of a message response DLPDU,

— loss of a message acknowledgement DLPDU,

— loss of a DLPDU indicating the end of a message transaction.

and can cause either the loss or the duplication of data.

DLPDU losses are taken into account in the graphs of final state machines defining data-link
protocols.

Loss or duplication of DLPDUs can have the following impact on services:

— loss of a DLCEP-identifier DLPDU or a response concerning periodically exchanged variables is
not usually detrimental since the value of the variable will be broadcast again during the next
local link cycle;

— loss of an unacknowledged message DLPDU or of a DLPDU associated with a triggered variable
exchange will only be handled by the upper layers;

— loss of an acknowledgement DLPDU results in a negative confirmation being sent to the initiating
DLS-user;

— the concept of DLPDU duplication does not apply to periodically exchanged variables since the
principle of cyclical variable refreshing implies that the same variable will be sent repeatedly;

— acknowledged message DLPDUs are protected from duplication by an even/odd numbering
mechanism for messages;

— the duplication of a DLPDU associated with an explicit request for a buffer transfer will result in
an additional overriding of the variable. This duplication is not detrimental since the concept of
exchanging variables cyclically or upon explicit request is based on an asynchronous refreshing
that is handled by the local link, and that the consumer cannot control. The semantics of data
transmitted must be compatible with this working principle, that is, the variables exchange
service is designed for the transmission of statuses, and not for the transmission of sequences of
events.
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4.5 Graphical representation

To be helpful for the reader some mechanisms are explained by a graphical representation. These
representations are based on evaluation network built on an oriented graph with three types of
nodes:

— the states, represented by a circle,

— the requests represented by a rectangle,

— the transitions, represented by a horizontal line.

The evaluation network is built according to the following principles, as illustrated in Figure 15:

R1 R2

Figure 15 — Example of an evaluation net

When the described system is in state E, the arrival of request R1 or R2 results in a transition which
switches it state F.

On the other hand, crossing a transition takes place, by convention, in zero time.

4.5.1 Simple actions

Simple actions can be associated with each transition, corresponding either to the transmission of
requests or to the execution of local actions.

They are materially represented by a triangle, labeled with the name of the request or of the
description of the executed action.

4.5.2 Conditions

The crossing of a transition can concern a condition. In this case, the oriented graph associated with
the representation, shows a condition associated with the arc which precedes the transition.

A corollary of this representation allows defining choices for crossing a transition from the same
initial state.

In the same way as for a simple transition, the transmission of an action can be associated with the
crossing of a conditional transition.
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5 General structure and encoding of PhIDUs and DLPDUs and related elements of
procedure

5.1 DLPDU formats and components

This subclause describes the structure of DLPDUs and the use of the various control fields within
the DLPDU. The term "DLPDU" refers to the protocol data units exchanged by data-link entities.

The basic structure of a DLPDU is as shown in Figure 16. The transmission and reception order is
shown in Figure 17:

first bit transmitted

<mmmmmmm—o—- FSS-—----- > <----FES---->

\ | | | [
Preamble|Start delimiter|Control | Data | F C s |End delimiter
\ | | | [
8 bits n*8 bits 16 bits
0<n<128

or 8+n*16 bits
n < 64
or 8 + 48 bits n*8 bits
0<n<256
where FSS is the DLPDU Start Sequence,
FES is the DLPDU End Sequence
FCS is the DLPDU Check Sequence

Figure 16 — Basic DLPDU structure

————— First bit transmitted

\Y

| b8 | |bl|b8| [l ]b8| |bl|b8| [l b8| | bl |
[ | | \ \ O | | \ \ [
<mmmmm - S<-mmmm— - D S<mmmmm—— - D >

octet 1 octet 2 octet 3 octet 4 octet 5

|

|
\%

CTRL IDENTIFIER FCS

G D e ittt e D >
| Bp | | ID|msb| \ \ \ |1sb|msb| \ \ \ [1sb|

I ARPV bbb I

Figure 17 — DLPDU transmission / reception order
Octets are transmitted in the same order in which they are received (from the DLS-user or the PhL).

5.2 Description of each DLPDU component
5.2.1 Preamble
(See IEC 61158-2)

5.2.2 DLPDU delimiters
(See IEC 61158-2)

5.2.3 Control and addressing field

The control and addressing field specifies the type of DLPDU being exchanged:
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— bit 1 of the control field indicates whether the DLPDU is a DLCEP-identifier DLPDU (bit 1 = 1) or
a response DLPDU (bit 1 = 0)

— bits 2 through 7 of the control field, where each bit has a specific function, as shown in Table 2:
if bit 2 is set at 1 the DLPDU is related to a buffer transfer
if bit 3 is set at 1 the DLPDU is related to a message transfer

if bit 4 is set at 1 the DLPDU is related to an explicit request for a buffer transfer

if bit 5 is set at 1 the DLPDU is related to an acknowledgement

bit 6 indicates priority or the result of the acknowledgement

bit 7 set at 1 is used only to indicate an end of message transaction DLPDU;

— bit 8 of the control field (the first bit transmitted) is used only for a message response DLPDU or
an acknowledgement response DLPDU. Bit 8 provides for even/odd numbering of messages to
support duplicate message detection.

For a DLCEP-identifier DLPDU these bits specify the type of exchange in progress. For a response
DLPDU these bits indicate the type of exchange in progress as well as requests for message
transfer and explicit requests for variable exchanges, with their priorities.

Table 2 - DLPDU control-field coding

Bits

Identifier DLPDU
234567
10000x |[allocation for identified variable
01000x |allocation for message
00101 x |allocation for urgent explicit request
00100 x |allocation for normal explicit request

Response DLPDU
10000x identified variable response
11000x identified variable response + message request
10101 x |identified variable response + explicit urgent request
170100x identified variable response + explicit normal request
11101 x |identified variable response + explicit urgent request + message request
171100x identified variable response + explicit normal request + message request
01010x |acknowledged message
01000 x |unacknowledged message
00011x | positive acknowledgement
00010x |negative acknowledgement
00101x |listof identifiers for an urgent request
00100 x |list of identifiers for a normal request
0000 1x |endof message transaction

For identifier DLPDUs the control and addressing field is extended to 8 + 16 bits. In this case it

includes a single DL-identifier that represents a local-link DL-address encoded in 16 bits.

For request response DLPDUs the control and addressing field is extended to 8 + x times 16 bits. In
this case it includes the list of DL-identifiers associated with the variables requested.
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For message response DLPDUs the control and addressing field is extended to 8 + 24 + 24 bits. In
this case it includes two extended-link DL-addresses — the destination and source, respectively, of

the message.

Table 3 gives the correspondence between the name and coding of the control field’s bits.

Table 3 — Correspondence between name and coding of 8 bits in the control field

5.2.4 DLS-user-data field

Bits

Associated name
12345678
110000xx ID_DAT
101000xx ID_MSG
100101xx ID_RQ1
100100xx ID_RQ2
010000xx RP_DAT
011000xx RP_DAT_MSG
010101xx RP_DAT_RQ1
010100xx RP_DAT_RQ2
011101xx RP_DAT_RQ1_MSG
011100xx RP_DAT_RQ2_MSG
001010xN RP_MSG_ACK
001000xx RP_MSG_NOACK
000011xN RP_ACK+
000010xN RP_ACK-
000101xx RP_RQ1
000100xx RP_RQ2
000000 1x RP_END

NOTE N takes the value 0 or 1;
x values are ignored but should be 0

Only response DLPDUs include a DLS-user-data field. The DLS-user-data field contains:

— either the value of a variable,

— Or a message.

5.2.5 DLPDU frame check sequence (FCS) field

Within this subclause, any reference to bit K of an octet is a reference to the bit whose weight in a
one-octet unsigned integer is 2K.

NOTE This is sometimes referred to as “little endian” bit numbering.

For the protocol Type of this standard, as in other International Standards (for example, ISO/IEC
3309, ISO/IEC 8802 and ISO/IEC 9314-2), DLPDU-level error detection is provided by calculating
and appending a multi-bit frame check sequence (FCS) to the other DLPDU fields during
transmission to form a "systematic code word"") of length n consisting of k DLPDU message bits
followed by n - k (equal to 16) redundant bits, and by calculating during reception that the message
and concatenated FCS form a legal (n,k) code word. The mechanism for this checking is as follows:

1) W. W. Peterson and E. J. Weldon, Jr., Error Correcting Codes (2nd edition), MIT Press, Cambridge, 1972.
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