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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

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

FOREVWORD
1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization fo 8 izati nprising
all national electrotechnical committees (IEC National Commlttees) € f Qi promote
interpational co-operation on all questions concerning standardization in the ect ica and tconicN{ifelds. To
this end and in addition to other activities, IEC publishes International 2 i 2ifjcations,
Technical Reports, Publicly Available Specifications (PAS) and Gujdes b € hs “IEC

Publ|cation(s)”). Their preparation is entrusted to technical committees; aR i i interested
in the subject dealt with may participate in this preparatory wqg e ti hd non-
governmental organizations liaising with the IEC also partlmpate i q closely
with |the International Organization for Standardization (ISO ined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters 5 i i national
consensus of opinion on the relevant subjects since @at from all
interpsted IEC National Committees.

3) IEC |Publications have the form of recom and are accepted by IEC National
Compmittees in that sense. While all reasonable effqrts \ t re that the technical content of IEC
Publ|cations is accurate, IEC cannot be ) the way in which they are used or|for any
misipterpretation by any end user.

4) In ofder to promote internatiopal uniformit i i ications
trangparently to the maxinum e it i i > i icati . iergence
between any IEC Publication e St i i icati indjcated in
the latter.

5) IEC |tself does nof _provide
asselssment serw i
services carried out by i

6) All upers should ensue tha

nformity
for any

7) No liability shall gttac s_di ors, employees, servants or agents including individual expperts and
members of itg_technical ca i EC National Committees for any personal injury, property damage or
othe 3 S , whether direct or indirect, or for costs (including legal fdes) and
expgnses ansing oOu j¢ation, use of, or reliance upon, this IEC Publication or any other IEC
Publ|cation

8) AttentionN 3 ative references cited in this publication. Use of the referenced publicgtions is

indispensabte fo he sorreef application of this publication.

9) Attention istdraw possibility that some of the elements of this IEC Publication may be the sibject of
patept rights." IEC shail not be held responsible for identifying any or all such patent rights.

Attentldll ;O dIGVVII tU thc faut that thc UotT Uf thU GOOU\;;GtUd pIUtUUU: typc ;O IGOtI;\atGL by ItS
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 layer protocol type to
be used with other layer protocols of the same type, or in other type combinations explicitly
authorized by its intellectual-property-right holders.

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

International Standard IEC 61158-4-4 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes an editorial revision with only minor editorial changes.
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This edition includes the following significant changes with respect to the previous edition:

a) editorial improvements;
b) editorial corrections.

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

FDIS Report on voting
65C/762/FDIS 65C/772/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting dicated-mthe—abovetabte:
This pdiblication has been drafted in accordance with ISO/IEC Directivese

A list df all the parts of the IEC 61158 series, under the general titl
networnks — Fieldbus specifications, can be found on the IEC web si

The cgmmittee has decided that the contents of this pub
the staility date indicated on the IEC web site under
to the $pecific publication. At this date, the publicatig

e recpnfirmed;
¢« withdrawn;
* replaced by a revised edition, or

)
3

unchangs

the data

ication

d until
related
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INTRODUCTION

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

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 p guide for implementors and designers;

b) forluse in the testing and procurement of equipment;

c) as part of an agreement for the admittance of systems into the ape NS 8 hment;
d) as p refinement to the understanding of time-critical commupmic

This standard is concerned, in particular, with the communjcéatio int nsors,
effectors and other automation devices. By using this standard ) ndards
positiohed within the OSI or fieldbus reference mode Prerwi ible systems may

work tggether in any combination.

#
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

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

1 Scope

1.1 General
The ddta-link layer provides basic time-critical messaging communicz ices in
an autpmation environment.

This pfotocol provides a means of connecting devices through\a partis Ny , such
that most failures of an interconnection between two [Mewi a ed. In
commagn practice the devices are interconnected in 3 p nanner
reflecting application needs

1.2 Bpecifications
This standard specifies

a) procedures for the timely transfer ¢ nd 6 ql information from one data-link user
ent entities forming the distributed data-
linK service provider;

b) the|structure of the field s thé transfer of data and control information
by the protocol of thix 3 1 i esentation as physical interface data ynits.

Procedur@

1.3

The pr

a) the eldbus

DL
b) theli
thr

c) the
thr

system

5ystem
bugh_the exchapge 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 standard does not contain tests to demonstrate compliance with such
requirements.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

NOTE All parts of the IEC 61158 series, as well as IEC 61784-1 and IEC 61784-2 are maintained simultaneously.
Cross-references to these documents within the text therefore refer to the editions as dated in this list of normative
references.

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

ISO/IEC 7498-3, Information technology — Open Systems Interconnect erence
ModellNaming and addressing
ISO/IELC 10731, Information technology — Open Systems Inters perence

Model |- Conventions for the definition of OSI services

3 T¢rms, definitions, symbols and abbrevia

For the
apply.

ymbols and abbreviations

3.1

This gtandard is based” In s developed in ISO/IEC 74981 and
ISO/IEC 7498-3, and make Qltowing tefrs defined therein.

3.1.1 called-DL:ad [74198-3]
3.1.2 caIIing [74098-3]
3.1.3 [74098-1]
3.1.4 [74098-1]
3.1.5 [74098-1]
3.1.6 DL-address [74198-3]
3.1.7 DL-address-mapping [7398-1]
3.1.8 DL-connection [7498-1]
3.1.9 DL-connection-end-point [7498-1]
3.1.10 DL-connection-end-point-identifier [7498-1]
3.1.11 DL-connection-mode transmission [7498-1]
3.1.12 DL-connectionless-mode transmission [7498-1]
3.1.13 DL-data-sink [7498-1]

3.1.14 DL-data-source [7498-1]
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3.1.15 DL-duplex-transmission
3.1.16 DL-facility

3.1.17 DL-local-view

3.1.18 DL-name

3.1.19 DL-protocol

3.1.20 DL-protocol-connection-identifier

3.1.21 —DL-protocol-control-information

[74
[74
[74
[74
[74

[74

74
T

98-1]
98-1]
98-3]
98-3]
98-1]
98-1]
8-1]

3.1.22| DL-protocol-data-unit

3.1.23| DL-protocol-version-identifier
3.1.24| DL-relay

3.1.25( DL-service-connection-identifier

3.1.26| DL-service-data-unit

3.1.27| DL-simplex-transmission
3.1.28| DL-subsystem
3.1.29( DL-user-data
3.1.30( flow control
-

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

[74

74
[74
[74
[74
[74
[74
[74
74
[74
[74
[74
[74
[74

[74

08-1]
08-1]
08-1]
98-1]
08-1]
08-1]
98-1]
08-1]
98-1]
08-1]
98-3]
98-3]
98-3]
98-3]
98-1]

98-1]

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

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

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

[74

[74

[74

98-1]

98-1]

98-1]
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3.1.41

3.1.42
3.1.43
3.1.44
3.1.45
3.1.46
3.1.47
3.1.48
3.1.49
3.1.50
3.1.51
3.1.52
3.1.53
3.1.54
3.1.55
3.2

to the

3.21
3.2.2
3.2.3

3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10
3.2.11
3.2.12

3.2.13

This standard alsq m
Hata-link I
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(N)-service-access-point-address [7498-1]
DL-service-access-point-address (N=2)
Ph-service-access-point-address (N=1)
peer-entities [7498-1]
Ph-interface-control-information [7498-1]
Ph-interface-data [7498-1]
primitive name [7498-3]
—reassembling 498-1]
recombining [74[98-1]
reset 98-1]
responding-DL-address [74[98-3]
routing [74[98-1]
segmenting [74[98-1]
sequencing [74[98-1]
splitting [74198-1]
synonymous nhame [74[98-3]
systems-managen [7498-1]
Service convention terr d S
s 2 ng terms defined in ISO/IEC 10731 as they apply

DL-confirmed-facility

DL-facility

DL-local-view
DL-mandatory-facility
DL-non-confirmed-facility
DL-provider-initiated-facility
DL-provider-optional-facility

DL-service-primitive;
primitive

DL-service-provider
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3.2.14 DL-service-user
3.2.15 DL-user-optional-facility

3.2.16 indication (primitive)
acceptor.deliver (primitive)

3.2.17 multi-peer

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

3.2.19 requestor

3.2.20| response (primitive);
acceptor.submit (primitive)

3.2.21| submit (primitive)
3.2.22( symmetrical service
3.3 [ferms and definitions

For thg purposes of this document, the following ter

3.3.1
broad¢ast-Node-address
address used to send broadcasts to all DILEs’x

Note 1 tp entry: All DLEs on a Link receive alf DLFDU e badcast-
Node-Address. Such DLPDUs apé\always Uncoxfirmedsy a
Broadcajst-Node-address is 126

lue of a

3.3.2

destinption-DL-route

holds 3 sequenL route<elem esefibing the complete route to the destinatiop

Note 1 tp entry: This in hoth\the igation DLSAP and a local component meaningful to the degtination
DLS-usqr.

3.3.3

DL-royte

combinad gn-DL-route and a Source-DL-route
3.34
DL-royte-element
octet holding a Node-address or an address used by the DLS-user

3.3.5

DLSAP

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

Note 1 to entry: This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of the
critical distinction between DLSAPs and their DL-addresses.

3.3.6
DL(SAP)-address
an individual DLSAP-address, designating a single DLSAP of a single DLS-user

3.3.7
(individual) DLSAP-address
DL-address that designates only one DLSAP within the extended link
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Note 1 to entry: A single DL-entity may have multiple DLSAP-addresses associated with a single DLSAP.

3.3.8
frame
denigrated synonym for DLPDU

3.3.9
IPNetID
identification of a unique IP network

Note 1 to entry: An IPNetlID is translated into an IP-address and a UPD port number.

3.3.10
IPNetTable

definitipn of the relation between IPNetlD, IP address, UPD po
NodeAddress, where IPNetID is used as index in the table

Router

3.3.11

IP Range net

defines net as
the clignt, or through a local Router where the subnets a igurgd r
3.3.12

Local |ink

single PL-subnetwork in which any of\the ¢Q ommunicate directly, without
any infervening DL-relaying, whenever all of\tho are participating in an injstance
of communication are simultaneously 2 i L-subnetwork during the period(s) of

3.3.13
no-Conpfirm-Node-add
address used to indica 3 S ponse is Unconfirmed

Note 1 tp entry: Thealu

3.3.14
node
single PL-e

3.3.15
node-addre
address which

identifies a DLE on a Link

Note 1 tpentry: The value of a Node-address can be in the range of 0 to 127, with the values 0, 126 pnd 127

reservedferspeetabpurpeses:

3.3.16
normal class device
device which replies to requests from other normal class devices, and initiates transmissions

Note 1 to entry: Such a device can act as a server (responder) and as a client (requestor) - this is also called a
peer.

3.3.17
Type 4-route
holds a sequence of Type 4-route-elements

Note 1 to entry: A Type 4-route is defined as an encoded DL-route, with one of the formats used when
transmitting the DLPDU on the Link. The Type 4-route format can be Simple, Extended, Complex, Immediate or IP.
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3.3.18

Type 4-route-element

octet, holding a 7-bit DL-route-element or Remaining-route-length, and a 1-bit source/
destination designator

3.3.19
receiving DLS-user
DL-service user that acts as a recipient of DL-user-data

Note 1 to entry: A DL-service user can be concurrently both a sending and receiving DLS-user.

3.3.20
sending DLS-user
DL-seryice user that acts as a source of DL-user-data

3.3.21
servicp-Node-address
addresdls reserved for service purposes only

Note 1 tp entry: All DLEs on a Link receive all DLPDUs where the fi Service-
Node-Address. Such DLPDUs can be Confirmed or Unconfigaied, A i not be
acknowlpdged. The Service-Node-Address can be used on Linkg’with_onlyNwo 1 al class
DLE and the responding Simple or Normal class DLE. The valu

3.3.22
simplg class device
device| which replies to requests from
responder only

ver or

3.3.23
sourcé¢-DL-route
holds @ sequence of D

3.3.24 Q
UDP pprt numbe

port nymber from

T
@

9

Note 1 tp entry: Secure

UDP pott.
Note 2 tp & rity).

Note 3 tp entry:

3.3.25
UDP range net
define ; ] subnet
as the client

Note 1 to entry: The IPNetTable holds a NAT Router IP address and access to the node is obtained through this
NAT Router.

Note 2 to entry: The NAT Router shall hold a table that translates the UDP port number to the actual server node
IP address and UDP port number.

3.3.26
Virtual link-access token
basis for the link-access system

Note 1 to entry: It is called virtual because the token is not explicitly sent from one normal-class DLE to another,
but implicitly passed as the link is idle.
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3.4 Symbols and abbreviations

3.4.1 Constants, variables, counters and queues

3.411 BNA broadcast node address
3.4.1.2 C(LAC) link access counter

3.41.3 C(LIC) link idle counter

3.41.4 SNA service node address

3.41.5 NCNA no confirm node address
3.4.1.6 Q(UR) user request queue

3.4.1.7 V(ACPDU) acknowledge confirmed PDU
3.4.1.8 V(AUPDU) acknowledge unconfirmed PDU
3.41.9 V(BR) bit rate

3.41.10 V(DC) device class (simple or notr
3.4.1.11 V(DMRT) default max retry time

3.41.12 V(MID) max indic

3.41.13 V(NA) node addres

3.4.1.14 V(NDLE)

3.41.15 V(PNR)

3.4.1.16 IPNetTable

3.4.2 Miscel

3.4.21 RCL/A

4 Dsg

4.1

The D ides copnectionless data transfer services for limited-size DLSDUs frgm one
DLS-user toone ormgre (broadcast) DLS-users.

A DLELis-implicitly connected to one PhE and to a single DLSAP_This means_that when a

local DLS-user issues a service primitive at a certain DLSAP, the DLE and hence the Link is
implicitly selected.

A DLE always delivers received DLSDUs at the same DLSAP, and hence to the same DLS-
user.

This concept is illustrated in Figure 1.
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Application
Layer DLS-user DLS-user
DLSAP DLSAP

Data Link

DLE DLE
Layer

4 A A

Physical A 4 \ 4
Layer PhE

Each DLE has a Node-address. Node-addresses uniqueh i Link.
A DL-rpute-element is an octet, which/Ca C by the
DLS-user.

A Desfination-DL-route holds a sequente of DL-xg S b route
to the gestination.

A Soufce-DL-route holds = [ & route
back t¢ the source.

A DL-rpute is de

411

The fynctional - ity of

confo:[w' i - ;

- Si

— Normal cla called
peegr).

4.1.2 Functions of the DLL

The functions of the DLL are those necessary to bridge the gap between the services
available from the PhL and those offered to DLS-users. The functions are:

As a responder (in Simple class or Normal class DLEs):

a) Receive a DLPDU from a remote DLE, perform frame check, parse the received DLPDU
into its DL-protocol information and data components, and generate a DLS-user indication
primitive. Possibly wait for a DLS-user request or response primitive, convert it to a
DLPDU, and send that DLPDU to the remote DLE.

b) Receive a single PhIDU specifying LINK-IDLE, and use that to time-out when waiting for a
DLS-user request primitive.

As an initiator (in Normal class DLEs):
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c) Convert a DLS-user request primitive to a DLPDU, queue it, and send it to a remote DLE
(or all DLEs at the Link if broadcast) at the first opportunity. Possibly wait for an
Acknowledge or Immediate-reply DLPDU from the remote DLE, and (if an Immediate-reply
DLPDU is received) generate a DLS-user indication primitive.

d) Receive an SPDU, and use the associated data to check or gain Link-access
synchronization.

e) Receive a single PhIDU specifying LINK-IDLE, use that to keep Link-access synchronized,
and possibly to initiate sending a DLPDU from the queue if the queue is not empty, or if
the queue is empty, to send an SPDU for Link-access synchronization.

These functions are illustrated in Figure 2 to Figure 4.

4.1.2.1 Acknowledged vs. confirmed

The te ¢ Ceiving
DLE mlust acknowledge the receipt of a DLPDU or not. The terms firmed
are used to describe whether the receiving DLS-user must confi &Cei 5DU or
not.

The variable V(ACPDU) - Acknowledge Confirmed P G X hethe F must
acknowledge the receipt of Confirmed DLPDUs. i wledge
Unconfirmed PDU - defines, whether the DLE musf ackn yé the firmed
DLPDUs.

dcast-
eipt of

A spedial case is when the first Node-ad
Node-address (BNA). In this case, the
the DLPDU.

4.1.2.2 Half-duplex af

Unless otherwise stat a PhL

supporting full duplex is

Full duplex systems allo g on a Link, all of Normal class. Each DLE is dllowed
to trar}mit immediate no Link Access system. DLEs supporting full [duplex
PhEs ines/for receive and transmit, as illustrated in Figure[5 and

Figure|6.
In full gy ms; Confirmed as well as Unconfirmed DLPDUs are unacknowledged.

PhLs supporting<full dyplex shall not provide Link-Idle indications.
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Indication to DLS-
user

f

Error OK
A} /

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

@\
S

<

Figurg 2 -D e diagram for confirmed and unconfirmed, unacknowledged DLPDUs
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Wait for request
or response
from DLS-user

al

Indication to DLS-
user

Request from
DLS-user

) l

Error
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N

Response from DLS-

user or 30 bit idle

\

Send Acknowledge
DLPDU

A\ [

Send Immediate-

Receive DLPDU reply DLPDU

f

START-OF-ACTIVITY
indication from PhE

e

AN

S

‘;

Brror indication to
DLS-user

Erroy indication to
DLS-user

Retrfansmission
ndt allowed

Retrd
im

for Immediate-
eply or Acknowledge
DLPDU

35 bit idle

»

Retransmission
not allowed

/

Retransmission
allowed

allowed

Queue DLPDU for
retransmission if

Received RCL/ACK

/ Received \\ait

Indication to DLS-
user

1

Receive

START-OF-ACTIVITY
indication from PhE

v

Receive DLPDU

Error

immediate reply

Figure 3 — DLE state diagram for confirmed acknowledged DLPDUs



https://iecnorm.com/api/?name=ac8d53c434105f73b5951c7dcb07ffee

IEC 61158-4-4:2014 © IEC 2014 -19 -

Indication to DLS-

user

Error

OK Send Acknowledge

AY

DT DU

[

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

DLS-user

Brror indication to

Erroy indication to
DLS-user

f

Retrfansmission
ndt allowed

»

Retransmission
not allowed

Retransmission
allowed

/
Queue DLPDU for

retransmission if
allowed

Retrd
im

w l for Acknowledge

DLPDU

Received RCL/ACK
35 bit idle
/ Received \Wait

Error

START-OF-ACTIVITY
indication from PhE

\ 4
Receive DLPDU

Figure 4 — DLE state diagram for unconfirmed acknowledged DLPDUs
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Indication to DLS-
user

!

Error OK
\ [

Receive DLPDU

f

START-OF-ACTIVITY
indication from PhE

Figure 5 — Full duplex DLE re

Queue DLPDU

/

Request from DLS-user

Queue not empty

l

Send DLPDU
from queue

Figure 6 — Full duplex DLE transmit state diagram

4.1.2.3 DLPDU types
Four different types of DLPDUs are defined.

a) Confirmed - used to send confirmed requests between DLS-users.

b) Unconfirmed - used to send responses or unconfirmed requests between DLS-users.
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c) Acknowledge - used by DLEs to acknowledge receipt of Con

firmed or Unconfirmed

DLPDUs. The receipt of Acknowledge DLPDUs must never be acknowledged.

d) Immediate-reply - used to send responses between DLS-users. The receipt of Immediate-

reply DLPDUs must never be acknowledged.
4.1.2.4 SPDU types
Only one type of SPDU (Support Protocol Data Unit) is defined.

a) Sync - used to send Link access synchronization information be

tween DLEs. An SPDU

holds the Node-address of the DLE holding the Virtual Link-access token. An SPDU can
be "stand-alone" or part of an Acknowledge or Immediate-reply DLPDU.

4.1.2.5I Responder role, receiving a DLPDU from the PhE

This ag¢tion includes a sequence of steps, as described in the followipg.

a) Regeive a single PhIDU specifying START-OF-ACTIVITY. This P
This address is examined to determine, whether its value i$
thig DLE, or equal to the Broadcast-Node-address (BXA

(SNIA). If not, ignore this sequence and wait for the~next

ACTIVITY.

b) Regeive a sequence of PhlDUs from the PhE,(sps
received DLPDU, compute a frame check seq
datp as specified by the value of W(F

for|the proper value. If the value PD

dress.
ress of
ddress
RT-OF-

m to a
ceived

¥, and, if necessary, check

U and wait for tHe next

c) Convert the received DLPDU control information and data
components.

d) Geperate a DLS-user

e) If the DLPDU recejve & E is of type Confirmed, and the receipt| of the

DLPDU must he 3 0 ~ Mg to the rules describe
request or -@

If o request or

immediately se - edge DLPDU. This DLPDU must spe
of $impl S nse Comes Later / Acknowledge" ("RC
Normal class.

din 4.1.2.1, waift for a

issued from the local DLS-user in time (bgfore a
bit periods" is received from the PhE), generdte and

cify "Wait" if this [DLE is
L/ACK") if this DUE is of

If B resg it issued from the local DLS-user in time, generafe and

immediatel an Acknowledge DLPDU, specifying "Wait" if
clags, and "RCDMCK" if this DLE is of Normal class.

this DLE is of Simple

If a request primitive Is Issued from the local DLS-usSer in 1

me, convert it into an

Immediate-reply DLPDU and send it immediately. After sending, wait for the next PhIDU

specifying START-OF-ACTIVITY.

f) If the DLPDU received from the remote DLE is of the Confirmed

type, and the receipt of

the DLPDU shall not be acknowledged, wait for the next PhIDU specifying START-OF-

ACTIVITY.
g) If the DLPDU received from the remote DLE is of the Unconfirmed

type, and the receipt of

the DLPDU shall be acknowledged, according to the rules described in 4.1.2.1, generate
and immediately send an Acknowledge DLPDU, specifying RCL/ACK. After sending, wait

for the next PhIDU specifying START-OF-ACTIVITY.
h) If the DLPDU received from the remote DLE is of the Unconfirmed

type, and the receipt of

the DLPDU shall not be acknowledged, wait for the next PhIDU specifying START-OF-

ACTIVITY.
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4.1.2.6 Responder role, receiving a PhIDU specifying LINK-IDLE

As a responder, when waiting for a request or response primitive from the local DLS-user, the
receipt of a PhIDU from the PhE specifying "LINK-IDLE for 30 bit periods" is used to timeout
waiting for the DLS-user. The possible actions resulting from the timeout are defined in
4.1.2.5.

4.1.2.7 Initiator role, managing request primitives from the local DLS-user
This action includes a sequence of steps, as described in the following:

a) Convert a request pr|m|t|ve from the Iocal DLS-user |nto a DLPDU queue it, and send it to

b) Ift e DLPDU sent is of type Unconﬂrmed and the recelvmg DLE shquld ackrnowledge the

et U from
the remote DLE specifying RCL/ACK. S \ fore a
PhIDU specifying "LINK-IDLE for 35 bit periods" is received from Y nmedjdlely re-
trapsmit the DLPDU if the permitted number of transmissio ' 3 sent. |If
the| permitted number of transmission retries have faile tion is
completed.

c) If the DLPDU sent is of type Unconfirmed, and th

the|receipt, this action is completed.
S Ng ge the
olding tr sponse, or an Acknowledge

wledge

d) If the DLPDU sent is of type Confirmed, an i
receipt, wait for an Immediate-rep
DLPDU, from the remote DLE.

If 4 i @ emote DLE in time (before a [PhIDU
spdcifying "LINK-IDLE for 35 b|t pe iod i pom the PhE), and the acknowledge
spgcifies "RCL/ACK", t¥ 8d. INthe”acknowledge specifies "Wait",|queue
thel DLPDU for retransmissjgn i ed fetry timer has not expired. If the retry
timer has expired,|N\g or_indigation primitive with the appropriat¢ error
infgrmation.

If g i ex Idm the response is received in time from the femote

DLE, i Jinto its DL-protocol control information angd data

corn ser indication primitive.

If neither ackn ’ gsponse is received from the remote DLE in time, re-tqansmit
the iate While this DLE still holds the Virtual Link-access token] if the
pernmi A gnsmission retries have not been sent. If the permitted number of

trapsmissign\Yretkies~have failed, generate a DLS-user indication primitive with the
appropriate&rcor information.

e) If the"DLPDU sent is of type Confirmed, and the receiving DLE should not acknoywledge

thr\ rapaint hic—getiaon i ralatad
Co oIS actoTT IS CUTITPTeTO G

4.1.2.8 Initiator role, link-access

The Link-access system is based on a so-called Virtual Link-access token. Virtual because
the token is not explicitly sent from one Normal class DLE to another, but implicitly passed as
the Link is idle.

The following DLE variables and counters are used by the Link-access system.

— V(NA) - Node-address. Each DLE on a Link is uniquely identified by its Node-address, the
value of which is stored in V(NA). The value of V(NA) must be different in all DLEs on the
Link.

— V(NDLE) - Number of DLEs - holds the maximum number of Normal class DLEs on the
Link. The value of V(NA) must be lower than or equal to the value of V(NDLE). The value
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of V(NDLE) must not exceed 32. The value of V(NDLE) must be the same in all DLEs on
the Link.

— C(LAC) - Link Access Counter - holds the Node-address of the DLE holding the Virtual
Link-access token. The value of C(LAC) will be the same in all DLEs on the Link.

— C(LIC) - Link Idle Counter - holds information on, for how long the Link has been idle. The
value of C(LIC) will be the same in all DLEs on the Link.

Figure 7 illustrates the functionality of the Link-access system. The "Action" line describes the
use of the Link. The first action is that the DLE having Node-address 2 sends a Confirmed
DLPDU, and receives the corresponding Immediate-reply DLPDU. The second action is that
the DLE having Node-address 3 sends an Unconfirmed DLPDU. Then, after a long idle period,

the DL widtbh-Naode-addroaca 2 cande o Qv nas QDN
Wit ottt tTrCoo—== A= ARA-IA =4 I = =0

gCTrago—o

The DLE having Node-address 4 is not present. Had it been present, DLE4 e sent
the Sypc SPDU, as the Link had been idle for 360 bit periods when\i QiVE e |Virtual
Link-ag¢cess token. The next DLE holding the token is DLE1, whic c £ prefore

sends the Sync SPDU.

Actipn DLE2 req. response DLE1 sync.

Lind signal E E E

levdl w R ﬁ

C(LAC)

Sdale; 0y kit pecigds

Figure 7 — Link access example

Each single PhIDU specifying LINK-IDLE holds information on, whether the Link has been idle
for 30 bit periods, for 35 bit periods, or for 40 or more bit periods in the associated status
parameter.

Each time a LINK-IDLE specifying that the Link has been idle for 40 or more bit periods is
received, the value of C(LAC) - Link Access Counter - and the value of C(LIC) - Link Idle
Counter - is incremented by 1. When the value of C(LAC) becomes higher than the value of
V(NDLE) the value of C(LAC) is set to 1.

Each time a LINK-IDLE specifying that the Link has been idle for 30 bit periods is received, the
value of C(LIC) is set to 0.

If, immediately after incrementing C(LAC), the value of C(LAC) is equal to the Node-address
of this DLE, it means this DLE holds the Virtual token, and therefore is allowed to send (and
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possibly re-transmit) a DLPDU from the queue. This must be initiated immediately, by sending
a START-OF-ACTIVITY-2 to the PhE. It is a task of the implementation to ensure that the
transmission is initiated within 7 bit-periods after receipt of the LINK-IDLE service primitive. If
the queue is empty, the DLE must check the value of C(LIC), to see for how long time the Link
has been idle. If the value of C(LIC) is equal to or higher than 33, it means the Link has been
idle for 360 bit periods or more. If this applies, the DLE must send a Sync SPDU for Link-
access synchronization. This must be done immediately, by sending a START-OF-ACTIVITY-2 to
the PhE. The associated data field must specify Source, and hold the Node-address of this
DLE. This system is used to keep the idle counters in all PhEs on the Link, and thus the
values of C(LAC) and C(LIC) in all DLEs on the Link, synchronized.

Each single PhIDU specifying START-OF-ACTIVITY holds a Node-address and a
Sourcg/Destination designator in the associated data field. If the Node-address is @ jsource
Node-address, it identifies the DLE holding the Virtual Link-access i pment.
Such g PhIDU forms a complete Sync SPDU.

When the DLE receives a Sync SPDU, it must compare the reeegj ith the
value of C(LAC). If the 2 values are equal, it means the DLE i e other
DLEs @¢n the Link. If they are not equal, it means the DLE i ) 3 ong as
the DUE is out of synchronization, it is only allowed to act as\a se 4.6

descrilhes how to gain Link-access synchronization aga

4.1.3 Service assumed from the PhL

Subclduse 4.1.3 defines the assumed firhitives and their congtraints

on use| by the DLE.

4.1.31

The grpnularity of transmission_i ' arity of
PhS-us i

4.1.31.

The PH Bmeter

values

These [sefyviees are used by the DLE to

1) set the bit rate, as a result of bit rate changing through DL-management;

2) get the bit rate, as a result of bit rate or Max Indication Delay reading through
DL-management. The value of Max Indication Delay is calculated from the current value of
bit rate, and shall indicate a value corresponding to 30 bit periods.

4.1.3.1.2 PhS transmission and reception services

The PhS is assumed to provide the following service primitives for transmission and
reception:

a) Ph-DATA request (class, data)
b) Ph-DATA indication (class, data, status)
c) Ph-DATA confirm (status)

where
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class — specifies the Ph-interface-control-information (PhICI) component of the Ph-interface-
data-unit (PhIDU).

For a Ph-DATA request, its possible values are

START-OF-ACTIVITY-1 — the PhE shall enable its driver, and initiate transmission by
transmitting the associated data parameter as an "Address character". The PhE shall do
this immediately, though not until the value of the PhE’s idle counter has reached 11.

START-OF-ACTIVITY-2 — the PhE shall enable its driver, and initiate transmission by
transmitting the associated data parameter as an "Address character". The PhE shall do

thig— euTatety, oudg ot e vaiue O P (0 has
rea

DATA — the PhE shall transmit the associated data parame haracter”
immediately.

END-OF-ACTIVITY — the PhE shall wait till transmission o éd data from

the| DLE has finished, and then disable its driver. The &ssoci
be transmitted.

ameter shall not

For a Ph-DATA indication, its possible values are

ST/
rep|
sud

hich is
ecifies

DA in the

ass or the
loc

LIN for 30,
35, nk has
be¢

NOT | on the
LinK d. When
the sociated
statp(i another
Ph- A later, if
the , PHhE reports this with another Ph-DATA indication of class LINK-IDLE, and aspociated
statps indicating~40 orYmore bit periods. This goes on for each 10 bit period with indications specifying 40 or

morg bit periods, titktie signal level on the Link is no longer idle.

dafla—"specifies the Ph-interface-data (PhlD) component of the PhIDU. It consistslof one
octet of Ph-user data to be transmitted (Ph-DATA request), or one octet of Ph-user data
which was received (Ph-DATA indication).

status — specifies either success or the locally detected reason for failure, or specifies if
the associated LINK-IDLE indication indicates "30", "35" or "40 or more" bit periods of idle
after Link activity.

The Ph-DATA confirm primitive provides the feedback necessary to enable the DLE to report
failures such as Link short-circuit or noise resulting in framing error to the DLS-user, and
provides the critical physical timing necessary to prevent the DLE from starting a second
transmission before the first is complete.
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4.1.3.2 Transmission of Ph-user data

When a DLE has a DLPDU to transmit, and the Link-access system gives that DLE the right to
transmit, then the DLE shall send the DLPDU, including a concatenated FCS. Making a
sequence of Ph-DATA requests as follows does this:

a) the first request shall specify START-OF-ACTIVITY-11 if the DLPDU to transmit is an
Acknowledge or Immediate-reply DLPDU, or if the transmission is an immediate re-
transmission of a Confirmed or Unconfirmed DLPDU. The first request shall specify START-
OF-ACTIVITY-2 if transmission of a Confirmed or Unconfirmed DLPDU from the queue is
commenced;

b) this first request shall be followed by consecutive requests specifying DATA, and
corjcluded by a single request specitying END-OF-ACTIVITY.

The PhE signals its completion of each Ph-DATA request, and its readiness a new

Ph-DATA request, with a Ph-DATA confirm primitive. The status para N-DATA

4.1.3.3 Reception of Ph-user data

The PhE reports a received transmission with Ph-DAFAindi _ i sist of
either |a single indication specifying START-OF-AC i indicati cifying
START{OF-ACTIVITY followed by consecutive |nd|cat|ons s itV g ion has
an asspciated status parameter, specifying succgss or the

locally|detected reason for failure.

4.2 General structure and encodin s, and related elements of

procedure

4.2.1

Each RhIDU consists 0 ' mation and in some cases one octet|of Ph-

interface-data (see 4.1.3vW Y ansmits a DLPDU, it computes a frame| check

sequence for the ifieddNn 4.2.2, concatenates the DLPDU and the frameg| check
sequence, and transi d pair as a sequence of PhiDUs as follows.

a) The DLE issues a singlexiPh-DATA request primitive with PhICI specifying START-OF-
ACTIVITY- 2 if ' _the_gueue, and specifying START-OF-ACTIVITY-11 if sending an
Acknowl S Q or if re-transmitting because of missing
acKnowledge. Thg primitive is accompanied by one octet holding the first octet
fromthe™D h-interface-data. After that, the DLE awaits the consequent Ph-DATA
corfir i

b) Th iSsues a sequence of Ph-DATA request primitives with PhICI specifying| DATA,
eagh accompanied by one octet of the DLPDU as Ph-interface-data, from second |to last
octpt<of. the DLPDU, and after each Ph-DATA request primitive awaits the consequgnt Ph-

d)

DA pranficna—orioaitbiag
I COTTIT T P e ves

If the value of V(FCM) - FrameCheckMethod - specifies reduced frame check, the DLE
issues a single Ph-DATA request primitive with PhICI specifying DATA, accompanied by
one octet holding the computed FCS as Ph-interface-data, and after the Ph-DATA request
primitive awaits the consequent Ph-DATA confirm primitive. If the value of V(FCM) -
FrameCheckMethod - specifies normal frame check, the DLE issues a sequence of Ph-
DATA request primitives with PhICI specifying DATA, each accompanied by one octet of the
FCS as Ph-interface-data, from first to last octet of the FCS, and after each Ph-DATA
request primitive awaits the consequent Ph-DATA confirm primitive. If the value of V(FCM)
- FrameCheckMethod - specifies None frame check, the transmission is finished.

The DLE issues a single Ph-DATA request primitive with PhICI specifying END-OF-ACTIVITY,
and awaits the consequent Ph-DATA confirm primitive.

It is a task of the implementation to ensure that there are no idle periods between the octets
of a transmitted DLPDU.
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The DLE forms a received DLPDU by concatenating the sequence of octets received as Ph-
interface-data of consecutive Ph-DATA indications, computing a frame check sequence for
those received octets as specified in 4.2.2, and compares the received FCS value with the
computed, as follows.

1)

The DLE received a single Ph-DATA indication primitive with PhICI specifying START-OF-
ACTIVITY, accompanied by one octet of the received DLPDU as Ph-interface-data, and
initializes its computation of an FCS for the received DLPDU.

2) The DLE receives a sequence of Ph-DATA indication primitives with PhICI specifying DATA,
each accompanied by one octet of the received DLPDU as Ph-interface-data,
incrementally computes an FCS on the received octet, and concatenates all, or all except
the last one or two as specified by V(FCM), of those received octets to form the received
DLPDU. During reception, the DLE encodes the DLPDU being receix o complite the
number of octets forming the DLPDU.

3) When the DLE has received the last Ph-DATA indication, it compa if any —
deg .

i) ) as a
i) rms no
4.2.2
The vdlue of the DLE local variable V(FCM) dg P g 5e.

4.2.21

The "N & nethod

gives & i i ize of 64 bits. This means, that up tp three

(Hamming Distan ited error bits within a 64-bit wide window|will be

detected. Any b@ e bits of bits

in errof will be det&c

At the

a) Before tragsmitting B.

b) For ¢ sent to
the t to be
ser h FCB.
Thi

c) When<the last octet of the DLPDU has been sent, send the value of FCA, exclusive DR the

d)

value of FCAT0 the value of FCB, rotate the result one bit [eft, and store the final result in
FCB.

When FCA has been sent, send the value of FCB.

At the receiving DLE, the following sequence is followed:

e)
f)

Before receiving the first octet of the DLPDU, clear the two variables FCA and FCB.

For each octet of the DLPDU received, exclusive OR the value of the received octet to the
value of FCA, and store the result in FCA. Exclusive OR the value of the received octet to
the value of FCB, rotate the result one bit left, and store the final result in FCB. This must
be done in the order in which the octets are received.

When the first octet of the FCS has been received, and the normal frame check
computation performed, check that the value of FCA is equal to zero.
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h) When the last octet of the FCS has been received, and the normal frame check
computation performed, check that the value of FCB is equal to zero.

4.2.2.2 Reduced frame check method

The "Reduced" frame check method uses one frame-check code, FC. The method gives a
“Hamming Distance” of 2 for the whole DLPDU, which means any single error bit will be
detected. A single error burst up to 8 bits in length will also be detected.

At the transmitting DLE, the following sequence is followed.

a) Before transmitting the first octet of the DLPDU, clear the variable FC.

b) Fon each octet of the DLPDU to be sent, add the value of the octet to b
of FC, without carry, and store the result in FC.

¢) WhHen the last octet of the DLPDU has been sent, send the 2's con
FC

ent to the value

alue of

At the receiving DLE, the following sequence is followed:

alue of

brmed,

for IP
etwork

ield, a Control-status field, a Data-field-format field,
. AR FCS field (see 4.2.2) which is used to chgck the
can)be appended before transmission, and removefd after

PDU is a Type 4-route field. The Type 4-route field holds a Type 4-
-30 octets, called Type 4-route-elements. Each Type 4-route-element is

an odgtet 7-bit DL-route-element or Remaining-route-length, and g 1-bit
Sourc mple",
"Extended ted by

The Source/Destination designator is physically located as bit 8 in the octet. A value of "0"
designates "Destination", and a value of "1" designates "Source".

4.2.3.1.1 Simple Type 4-route format

Type 4-route fields of Simple format consist of one destination Type 4-route-element followed
by one source Type 4-route-element, as illustrated in Figure 8.
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0 Destination address

1 Source address

Figure 8 — Simple Type 4-route format

The Destination address identifies the DLE to receive the DLPDU. The Source a
identifies the transmitting DLE.

ddress

Simplp routes are used when sending Caonfirmed or Uncaonfirmed DI PDlIs holding requests to
DLEs ¢f simple class. The DLPDU is of type Unconfirmed if the Destination addresshig equal
to the Broadcast-Node-Address (BNA).
4.2.3.1.2 Extended Type 4-route format
Type 4f-route fields of Extended format consist of two des natl be-elements
followdd by two source Type 4-route-elements, as illustrat

0 Destination ad((ess

@
0 estlnmw?/ <\
[t
)
re9 xte Type 4-route format

The fifst Desti rdentifies\jhie DLE to receive the DLPDU. The $econd
Destingtion addres S-user. The first Source address identifies the
transmlitting DLE. Tie ress is used by the DLS-user.
Extended ro R sending Confirmed or Unconfirmed DLPDUs holding rejquests
to DLEs of R S DLPDU is Unconfirmed if the value of the first Destination
address gquals
4.2.3.1.3 Type 4-route format
Type 4f-route’ fields of Complex format consist of more than 2 destination Type 4}route-
elementsfollowed by 2 or more source Type 4-route-elements, as illustrated in Figure 10.
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0 Destination address
0 Destination address
0 Remaining-route-length
1 Source address

1 Source address

Figure 10 — Complex Type 4-route fo

The fifst Destination address identifies the DLE to reei
Destingtion addresses are used by the DLS-user. The-thi ds the
numbefr of Type 4-route-elements following the third Source
addresgs identifies the transmitting DLE. The remaining(sg bpt the
last) afte used by the DLS-user.

Complex routes are used when sending firm quests
or Ungonfirmed DLPDUs holding resp DU is
Unconfirmed if the value of the last Source addre of the
Destingtion addresses equals BNA.

4.2.3.1.4 Immedia

Type 4f-route fields\of ist of one source Type 4-route-element fqllowed
by one|destinati peC4-route-e lustrated in Figure 11.
) Source address
0 Destination address

igure 11 — Immediate Type 4-route format

dress
DLE,
but the DLE that transmitted the request resulting in this DLPDU. As always, the first octet in
the Type 4-route identifies the DLE to receive the DLPDU.

pburce” address identifies the DLE to receive the DLPDU. The Destination a

Immediate routes are used when sending Acknowledge or Immediate-reply DLPDUs to DLEs
of normal class.

4.2.31.5 IP Type 4-route format

Type 4-route fields of IP format consist of more than 2 destination Type 4-route-elements
followed by 2 or more source Type 4-route-elements, as illustrated in Figure 12.
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The fir
The v3
for spe

The s
Destin
numbe

addresgs identifies the transmitting ource address identifig
transmlfitting DLE. The remaining source a be except the last) are used
DLS-user.

Complex routes are use 3 ing. X i or Unconfirmed DLPDUs holding re
or Ungonfirmed DLPDUs DLEs of normal class. The DLH
Unconfirmed if the\va e\las S rcesaddress equals 0, or the value of one
Destination add e }

4.2.3.2

The s¢gcond field\in\eagh YU is a Control-status field. This field consists of 1 octe
by the|DLE i JORGt the Type 4-route field format and the Data-field-format
determiné the DLR If the DLPDU type is Acknowledge, the Control-status field
status jn e DRE. The coding of the Control-status field is illustrated in Figu

If the f
Ackno

158-4-4:2014 © IEC 2014 -31-
0 Destination address
0 Destination address
0 Remaining-route-length
1 Source address
1 Source address

Figure 12 — IP Type 4-route for

5t Destination address is the IPNetID, which identifi c geive the O
lue of IPNetID shall be in the range of 0-127. The )
cial purposes.

prmat of thesType 4-route-field is Immediate, the DLPDU is of type Immediate-r
vledge. The value of the Control-status field indicates (in conjunction with the

ds the
Source
ps  the
by the

quests
DU is
of the

, used
field to

holds
re 13.

eply or
Data-

field-f

rmat fipld) whether the DI PDLJ ijs of typp Immpdiz’rp-rpply ar A(‘knnwlpdgp acd

ording

to the following:
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Bit number: 8 7 6 5 4 3 2 1

u [s3|s2|s1|u[i3]i2]i1

|_|_|_ Instruction

DLS-user information

Status

DLS-user informati

Figure 13 — Control-status forma

lled:

The D
fulfilleq:

NS are

e) the
f) the|value of

g) the|value of th
h) the|value of t

vledge

DLPDU es not

result i

octet,
ion, as

illustrated in Figure 14.

Bit number: 8 7 6 5 4 3 2 1

u2 (u1|di6(dI5|dI4|dI3|dI2|dI1

| | | | | | Data-size

DLS-user information

Figure 14 — Data-field-format
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The range for the Data-size subfield is 0 to 63. The value indicates the number of octets in
the Data-field of the DLPDU, and does not include the FCS octet(s).

4.2.3.4 Data field
The next field in the DLPDU is the Data field. The size and DLS-user interpretation of this

field is indicated in the Data-field-format and Control-status fields. The size of the Data field is
0 to 63 octets.

4.3 DLPDU-specific structure, encoding and elements of procedure

Table 1 — Summary structure of DLPDUs

DLPDU type Type 4-route Destination Last Source Control-sta Da}a\ Data
format Node-addresses address (\si\ze
A\
Cofpfirmed Simple # BNA =0 A{y \ \2 l%ﬂ’ data
Copfirmed Extended = BNA =0 /M \ > x sef data
Copfirmed Complex # BNA 0 \Ar\(\ >\Q/ user data
Copfirmed IP = BNA =0 N \\Nl)\ >2 user data
Uncpnfirmed Simple = BNA 0 ny \ >2 user data
/N
Uncpnfirmed Extended = BNA N\ 0)/ AN Any >2 user data
Uncpnfirmed Complex = %l(A\ ’\\ } 0 ( Q ‘\ﬁzy >2 user data
Uncpnfirmed Complex * BN‘/\ ¥) / Any >0 usef data
Uncpnfirmed IP = BNA 20 Any > 2 user data
Uncpnfirmed P * BNA <\ =W Any >0 usef data
Immediate-reply Immedia<§ ( M ) ‘\A}% Any >0 usefr data
Acknowledge Imm{a}i\ite JAny = Wait / RCL/ACK =0 -

Chay
N

The DLPDU type | i e pe 4-route format, the contents of the Desfination
Node-gddresses ¢n oute, the contents of the last Source address in the Type 4-

route, the con S 7 and the contents of the data size subfield of Data-field-
format i ‘

When the i e n Destination Node-addresses is "= BNA" it means, that one of
the Nqde-ad i e Type 4-route field are = BNA. When the value in the ¢olumn
Destingtion Node "= BNA" it means, that at least one of the Node-addregses in
the Type 4-route field is = BNA.

4.3.1 Confirmed DLPDU
A Confirmed DLPDU is used
a) to request the transfer of a limited amount of transparent user data from another DLS-user

to the requesting DLS-user;

b) to transfer a limited amount of transparent user data from the requesting DLS-user to
another DLS-user;

c) to transfer a limited amount of transparent user data from the requesting DLS-user to
another DLS-user, and at the same time request the transfer of the same amount of
transparent user data from that other DLS-user to the requesting.

4.3.1.1 Structure of confirmed DLPDUs

The structure of confirmed DLPDUs is shown in Table 2.
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Table 2 — Structure of confirmed DLPDUs

Route format |, Destiation | Lastsource | controlstatus | 222 | pata
Simple # BNA =0 DLS-user info > 2 | DLS-user data
Extended = BNA =0 DLS-user info > 2 | DLS-user data
Complex # BNA =0 DLS-user info > 2 | DLS-user data
IP # BNA 20 DLS-user info > 2 | DLS-user data

4.3.1.2 Sending the confirmed DLPDU

A confjrmed DLPDU is selected for transmission on the Link when the D i first in
the queue, and the DLE receives the Virtual Link-access token (except for . Once
selectgd, the DLPDU is removed from the queue, iSsi j DLPDU

commgnces. If the receipt of the DLPDU must be acknowledged Qrding rules
descrilped in 4.1.2.1, the DLPDU shall be transmitted until eithe

a) an|mmediate-reply DLPDU is received, or
b) an Acknowledge DLPDU is received, or

c) the| original transmission and the permitted m
V(MRC), have all failed to elicit one of the pe

retries,

In add
4.1.2.7.

bed in

4.3.1.3

A rece|ved confirmed DLP

NOTE [The next alternative i < y from an
immedigte retry by 8 d during
receipt qf the earlie

bed in
r more

same

ther the-receiving DLE shall

i) retransmit the prior-transmitted acknowledge or immediate-reply DLPDU
immediately, and

i) discard the received DLPDU and not forward it to the DLS-user.
b) If a) does not apply, the receiving DLE shall act according to the rules described in
4.1.2.5.
4.3.2 Unconfirmed DLPDU
An Unconfirmed DLPDU is used
a) by a requesting DLS-user to transfer a limited amount of transparent user data from the
requesting DLS-user to one or more other DLS-users;

b) by a responding DLS-user to transfer a limited amount of transparent user data from the
responding DLS-user to the requesting, as a response to a received confirmed DLPDU;
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c) by a responding DLS-user to acknowledge the receipt of a limited amount of transparent
user data from the requesting DLS-user, as a response to a received confirmed DLPDU.

4.3.21

Structure of unconfirmed DLPDUs

The structure of unconfirmed DLPDUs is shown in Table 3.

Table 3 — Structure of unconfirmed DLPDUs

4.3.2.2
An und
in the
Once

comme
descril]

a) an
b) the

In add
4.1.2.7

4.3.2.3

A rece

NOTE

immedigte re

receipt g

a) If

Route format Destlnatlon Last source Control-status D.a\ta Data
node-addresses | node-address size

Simple = BNA + 0 DLS-user info > 2 | DLS-user data
Extended = BNA 0 DLS-user info >2 E{(S-us data
Complex = BNA #0 DLS-user info >/2\ B\_SN d}t{
Complex # BNA =0 DLS-user info {0 S-bsgr ta
P = BNA 40 DLS-user info" >\2\ N_s\\ser ta

P + BNA =0 DLS-UW& 50 \DL\S\-use ata

Sending the unconfirmed DLPDU

onfirmed DLPDU is selected for transmisgio he first

queue, and the DLE receives the Vi ~ uplex).

selected, the DLPDU is remov DLPDU

nces. If the receipt of the DLPRU rules

ed in 4.1.2.1, the DLPDU shall b€ trans

Acknowledge DLPD

original transmiss retries,

V(MRC), have all fa

tion to t@o S bed in

ved uqco

The nextakler from an
ent & H during

f the earlier)Acknowledge or Immediate-reply DLPDU.

thereceipt of the DLPDU shall be acknowledged, according to the rules descr|bed in

1)

4.1.2.1, and

2) no PhE LINK-IDLE indication primitive, specifying the Link has been idle for 40 or more

bit periods, has been received since the last DLPDU was received, and

3) the contents of the Type 4-route field in the just received DLPDU is exactly the same

the

as the contents of the Type 4-route field in the last DLPDU received,
n the receiving DLE shall

i) retransmit the prior-transmitted Acknowledge DLPDU immediately, and
i) discard the received DLPDU and not forward it to the DLS-user.

b) If a) does not apply, the receiving DLE shall act according to the rules described in

4.1

.2.5.
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4.3.3 Acknowledge DLPDU
An Acknowledge DLPDU is used

a) by aresponding DLE to acknowledge the receipt of a Confirmed or Unconfirmed DLPDU;

b) by a responding DLS-user to acknowledge the receipt of a Confirmed DLPDU (the
Acknowledge DLPDU is transmitted by the DLE as a result of a request service primitive
from the local DLS-user specifying DLSDU type acknowledge).

4.3.3.1 Structure of acknowledge DLPDUs

The structure of acknowledge DLPDUs is shown in Table 4.

Table 4 — Structure of acknowledge DLPDU

BN
Route format Destlnatlon Last source Control-status . ta ta
node-addresses | node-address iz
Immediate Any Any =

4.3.3.2 Sending the acknowledge DLPDU

An Acknowledge DLPDU is transmitted as an immediate s i ge the

receipfl of a Confirmed or Unconfirmed DLPDU fi .1.2.5.

Acknowledge DLPDUs shall never be i

4.3.3.3

A rece 1.2.7.

The re

4.3.4

An Imn

a) by bm the
res| DU;

b) by nt user

dat
4.3.4.1 ediate-reply DLPDU

Table 5 — Structure of immediate-reply DLPDU

Route format Destination Last source Control-status D_ata Data
node-addresses | node-address size
Immediate Any Any # Wait/RCL/ACK | >0 | DLS-user-data

4.3.4.2 Sending the immediate-reply DLPDU
An immediate-reply DLPDU is transmitted as an immediate reply on the Link to acknowledge

the receipt of a confirmed DLPDU, according to the rules described in 4.1.2.5. Immediate-
reply DLPDUs shall never be retransmitted.

4343 Receiving the immediate-reply DLPDU

A received immediate-reply DLPDU shall be treated according to the rules described in
4.1.2.7. The receipt of immediate-reply DLPDUs shall never be acknowledged.
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4.4 DL-service elements of procedure
441 Receipt of a DL-UNITDATA request primitive

When the DLE receives a DL-UNITDATA request primitive from the local DLS-user, the DLE
shall determine, whether the request primitive holds a response for immediate transmission,
or a request or response to be queued.

a) If

1) the DLE is waiting for a request or response primitive from the local DLS-user,
according to the rules described in 4.1.2.5, and

2) the contents of the user-specified Destination DL -route parameter in the request is the
same as the contents of the Source DL-route parameter in the/indieation (pfimitive
Ey

the
ang

b) If ¢ to be
queé
If tT hission
at on the
usH 5. The
DL riority,

wh

The D A based on the user-specified
Maxim 3 zero, then the duration of thig timer
shall 4 nall be
2000 ms. DL-manageme i all be
associated with the DLPD

The DI ith the
DLPDU.

The DI ith the
DLPDU

If the n F shall

immed

4.4.11

The fofnting of an Immediate-reply DLPDU is described in the following.

The first Node-address in the Destination DL-route is copied to the address subfield of the
first Type 4-route-element, and the Source/Destination designator in that element is set to
TRUE. The Node-address of the DLE is copied to the address field of the second element,
and the Source/Destination designator in that element is set to FALSE.

The user-specified Control-status parameter is stored in the Control-status (C-S) field of the
DLPDU.

The user-specified Data-field-format parameter is stored in the Data-field-format (DFF) field of
the DLPDU.

The user-specified Data unit (DLSDU) (the size of which is indicated in bit 1-6 of the Data-
field-format field) is stored in the Data field of the DLPDU.
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4.41.2 Forming a Confirmed or Unconfirmed DLPDU

The forming of a Confirmed or Unconfirmed DLPDU is described in the following.

The DLE's Node-address shall be inserted in front of all other addresses in the source
DL-route.

Request Type 4-route generation encodes the resulting DL-route into a Type 4-route with
Simple, Extended, Complex or IP format, and stores the result in the Type 4-route field of the
DLPDU. Request Type 4-route generation is described in 4.5.1.

¢ of the

The user-specified—Controt-status—psa
DLPDU.
field of

The usger-specified Data-field-format parameter is stored in the Data-figls
the DLPDU.

The uger-specified Data unit (DLSDU) (the size of which is\ind i € Data-
field-fgrmat field) is stored in the Data field of the DLPDU.

4.4.2 Receipt of a DL-UNITDATA response primitive

e DLE

When the DLE receives a DL-UNITDATA\respo
it sion of

shall determine, whether the responsé it
an Ackinowledge DLPDU.

B5-user,

2) nse is
e DL-route parameter in the indication pfimitive
the Confirmed DLPDU from the remote DLE,
the it t in the immediate transmission of an Acknowledge
DL
b) If 4 3 he response primitive is ignored by the DLE. In this sitpation,
the ) autonomously generated Acknowledge DLPDU.
If the respc imitive hglds an acknowledge for immediate transmission:
Th b and immediately transmit an Acknowledge DLPDU.
4.4.2.11 Forming an Acknowledge DLPDU

The forming of an Acknowledge DLPDU is described in the following.

The parameters used to form an Acknowledge DLPDU are those from the indication causing
the request specifying acknowledge.

The first Node-address in the Source DL-route parameter of the indication is copied to the
address subfield of the first Type 4-route-element, and the Source/Destination designator in
that element is set to TRUE. The Node-address of the DLE is copied to the address field of
the second element, and the Source/Destination designator in that element is set to FALSE.

The Status subfield of the Control-status parameter of the indication is replaced with the code
for “Wait” (4) if this DLE is of Simple class, and with the code for "RCL/ACK" (5) if this DLE is
of Normal class. The result is stored in the Control-status (C-S) field of the DLPDU.
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The value 0 is stored in the Data-field-format (DFF) field of the DLPDU. This value specifies
the length of the data field, which is zero.

4.4.3 Autonomous DLE acknowledge
If

a) the DLE has received an Unconfirmed DLPDU requiring acknowledge, or

b) the DLE has received a Confirmed DLPDU requiring acknowledge, and does not
receive a request or response primitive from the local DLE-user within “Max Indication
Delay”,

then the DLE shall autonomously form and immediately transmit an AckK LPDU.

The DIPDU is formed as described in 4.4.2.1.

4.4.4 Generation of a DL-UNITDATA indication primitive

The DLE shall inform a DLS-user by generating a DL-UNITBATA “indicati itive[in the
followipg situations:

b) when the transmission of a Confirmed DLPD
nowledge from the receiving DLE.

hissing

The parsing of a received DLPDU i &grvi fion of
DL-ser 3 i 4.
4.4.41

The p4 g text.
DL-route generation gg ; i ceived
Simple S & 2.

The v4 i » G if’the value of one of the addresses in the Desfination

The fir
The Cq

The Data-field-for parameter shall be the Data-field-format (DFF) field of the DLPDU.

The Dataumt(BESBY)yparametershattbethe Datafretdof the BEPDUYU(theomberof octets
in DLSDU is indicated in bit 1-6 of the Data-field-format field).

4.4.4.2 Parsing of a received Immediate-reply DLPDU

The parsing of a received Immediate-reply DLPDU is described in the following text.

The user-specified Destination DL-route parameter from the request causing this immediate
reply is copied to the Source DL-route indication parameter. A DL-route-element is appended
at the end, with the value of No-Confirm-Node-Address (0). The Source DL-route request
parameter is copied to the Destination DL-route indication parameter.

The value of Confirm shall be FALSE.

The Control-status parameter shall be the Control-status (C-S) field of the DLPDU.


https://iecnorm.com/api/?name=ac8d53c434105f73b5951c7dcb07ffee

-40 - IEC 61158-4-4:2014 © IEC 2014

The Data-field-format parameter shall be the Data-field-format (DFF) field of the DLPDU.

The Data unit (DLSDU) parameter shall be the Data field of the DLPDU (the number of octets
in DLSDU is indicated in bit 1-6 of the Data-field-format field).

4443 Generation of indication primitive indicating error

When the transmission of a Confirmed DLPDU fails, typically because of a missing
acknowledge from the receiving DLE, the transmitting DLE shall inform its local DLS-user by
generating a DL-UNITDATA indication primitive, indicating the locally detected reason for error.

The ge (t.

The uger-specified Destination DL-route parameter from the req US| failed
trans i i & hent is
appen L-route
reques

The value of Confirm shall be FALSE

The value of the Control-status parameter shall indicate the 1o ' failure.
The value of the Data-field-format pabte i i of the
DLSDU parameter is zero.

4.5 Route mechanism

The ro to the
respon bm the
respon

The re

Two of te and
Sourcs ameter
descril scribes
the complete\route

As the shorter
and sh b route
conversion that issperformed in the gateways.

When the rnqnnc‘r reaches the rnclr_\nnrlnr1 the Source Dl -route describes the r\nmplnh: route

back to the requestor. The responder "swaps" the Destination and Source DL-routes, giving
the result that the Destination DL-route now describes the complete route back to the
requestor.

When the response reaches the requestor, the Source DL-route describes the complete route
to the responder (as did the Destination DL-route in the original request).

4.51 Request Type 4-route generation

Request Type 4-route generation is performed by the DLE as a part of forming a DLPDU
when it has received a DL-UNITDATA request primitive from the local DLS-user.

Request Type 4-route generation encodes the Destination DL-route and Source DL-route
parameters into a Type 4-route of Simple, Extended, Complex or IP format.
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Generally, a DL-route-element from the Destination DL-route is copied to a Type 4-route-
element by copying the value of the DL-route-element to the address subfield of the Type 4-
route-element, and setting the value of the Source/Destination designator to FALSE. A
DL-route-element from the Source DL-route is copied to a Type 4-route-element by copying
the value of the DL-route-element to the address subfield of the Type 4-route-element, and
setting the value of the Source/Destination designator to TRUE.

Figure 15 illustrates the generation of the Source/Destination designator.

Destination DL-route element

address

v

Type 4-route element

"o" address

The D
DL-ro

One of

Source DL-route element

address

\ 4

e is copied to the succeeding elements.

the following three alternatives apply.

a) If the Destination DL-route holds only oge

for

Th
DL

Tyg
Th

If the Destin

addre

e
N Y%

e 44route sh

}yy{ 4-rot®a§me t

g

\

pe 4-route shall be of

Type 4-route

Source

Simple

of the first element of the Destination
be a copy of the first element

of the

"o" address

" address

Figure 16 — Simple Type 4-route generation

L-route and the Source DL-route hold only two elements ea¢
be of Extended format.

h, the

in the

Destination DL-route. The next two elements of the Type 4-route shall be a copy of the
two elements in the Source DL-route. Figure 17 illustrates this.

Destination DL-route

address

address

Source DL-route

address

address

/'

Type 4-route

"0" address
"0" address
" address
" address

Figure 17 — Extended Type 4-route generation
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c) If the Destination DL-route holds at least two elements, and the total DL-route (the
combination of Destination and Source DL-route) holds more than four elements, the
Type 4-route shall be of Complex or IP format.

The first two elements of the Type 4-route shall be a copy of the first two elements in the
Destination DL-route. The third element shall be the total number of elements in the
DL-route minus two. A copy of the remaining elements of the Destination DL-route (if any)
shall follow the third element of the Type 4-route. They shall be followed by all of the
elements of the Source DL-route. Figure 18 illustrates this.

Destination DL-route Type 4-route
address —_—» | "0" address
address — > "o" /*adQess

o

address ~ "0" p?ﬁx%inin -routesleng
\~\\\\ non /\ é@&s

Source DL-route

/’%
{
{

address address
address \ address
address A

Figure 18 — Complex.and\P\Typel4-r eneration

4.5.2 DL-route generation

is hen it has received a Confirmed or

DL-route generation

Unconfirmed DLPDU, local
DLS-uger of the receip

The four differen s 2 rted in
Norma| class DLE i

GenerI e from
the ad

One of

a) If the Type*4-rqutg’ in the received DLPDU is of Simple format, the Destination DL-route
shdll be_empty. The source element of the received Type 4-route shall be copied|to the
Solree’DL-route. Figure 19 illustrates this.

Type 4-route Destination DL-route

"o" address

" address Source DL-route
\ address

Figure 19 — Simple DL-route generation

b) If the route in the received DLPDU is of Extended format, the second destination element
of the received Type 4-route shall be copied to the first and only element in the
Destination DL-route. The Source DL-route shall be a copy of the two source elements in
the received Type 4-route. Figure 20 illustrates this.
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Type 4-route Destination DL-route

"o" address

"o" address /

" address \ Source DL-route
" address \ address

address

address

Figure 20 — Extended DL-route generation

he Destination DL-route. All of the source elements of the re
be ropied to the Source DL-route. Figure 21 illustrates this.

Type 4-route

"o" address N
"0" address

"o" remaining-route-length \>
"o" address

Source DL-route

<

" address N\ address
" address ( (-\ address
(écgrefé(\\ address

4.6

The b .1.2.8.
Subcl ign, and
after Id

After [ nc. As
long as vledge
DLPDU

Synchmnhnfinn can be gs\innd intwo different Ways

a)

When the DLE lost synchronization because of a difference between the Link Access
Counter C(LAC) and the received Node-address in a Sync SPDU, the difference between
C(LAC) and the received Node-address is saved.

If the received Node-address in the next Sync SPDU is equal to C(LAC), the DLE is in
synchronization again.

If the received Node-address in the next Sync SPDU is different from C(LAC), but the
difference is the same as the saved difference, C(LAC) is set equal to the received Node-
address, and the DLE is in synchronization again. If the difference is not the same, the
new difference is saved, and the DLE is still OutOfSync.

If the DLE is obliged to send a Sync SPDU because the Link has been idle for 360 bit
periods or more when the DLE receives the Virtual Link-access token, and the DLE is
OutOfSync, it is not allowed to transmit, but shall instead declare itself in synchronization
again. This gives the result, that the next time this DLE receives the Virtual Link-access
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token, and the Link is still idle, this DLE transmits a sync SPDU. This rule covers the
situation of starting up, and situations where there is only one Normal class DLE on the
Link.

4.7 Local variables, counters and queues
4.7.1 V(ACPDU) - acknowledge confirmed PDU

The value of this variable defines, whether this DLE should acknowledge the receipt of
Confirmed DLPDUs, and expect remote DLEs to acknowledge the receipt after this DLE has
transmitted Confirmed DLPDUs. The possible values of this variable are TRUE and FALSE. A
value of TRUE indicates, that Confirmed DLPDUs shall be acknowledged.

4.7.2 V(AUPDU) - acknowledge unconfirmed PDU

The value of this variable defines, whether this DLE should ack
Unconfirmed DLPDUs, and expect remote DLEs to acknowledge th
transmfitted Unconfirmed DLPDUs. The possible values of this
A valu¢ of TRUE indicates, that Unconfirmed DLPDUs shall be g

4.7.3 V(NA) - node-address

This variable holds the Node-address of this DLE.
DLE on the Link. The range of V(NA) is 0 to 1
been initialized.

ies this
as not

4.7.4 V(NDLE) - number of DLEs

This v{
DLEs

gl class
an or equal to the value of V(INDLE).

The vs g e of V(NDLE) shall be the samg¢ in all
DLEs ¢ ink. \ indi RatV(NDLE) has not been initialized.

4.7.5

This variable only ¢ i ) 3$’DLEs. It holds the maximum number of transmission
retries issjon of Confirmed or Unconfirmed DLPDUs fails. Its range is O
to 10.

4.7.6 simple or normal)

This variabte_ind g class of the DLE. It can indicate Simple or Normal. The ppssible
values|of this are TRUE and FALSE. A value of TRUE indicates that the DLE is of
Normaj class:

4.7.7 —BRy-DbitTate

This DLE variable is used by the DLE-user to set the desired bit rate. When the DLS-user
changes the value of this variable, the DLE shall issue a PhE management service to change
to bit rate in the PhL. The value of this variable is also the basis of calculating the value of
Max Indication Delay. The possible values depend on the capability of the PhE.

4.7.8 V(MID) - max indication delay

This DLE variable indicates to the DLS-user, how many microseconds the DLS-user is
allowed to use to prepare a response after receiving an indication requiring that. If the DLS-
user is unable to prepare a response within Max Indication Delay, the DLS-user must issue a
DL-UNITDATA request with a DLSDU type indicating Acknowledge. The DLE will as a result
transmit an Acknowledge DLPDU on the Link.
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The value of Max Indication Delay is calculated by the DLE from the value of V(BR), as 30 bit
periods. The range of Max Indication Delay is 3 us (corresponding to a bit rate of 10 Mbit/s) to
100 ms (corresponding to a bit rate of 300 bit/s).

4.7.9 V(DMRT) - default max retry time

This variable indicates to the DLE, for how many ms retransmission of the request may be
performed, as a result of Wait acknowledges from the remote DLE or DLS-user. It is used if
the DLS-user didn't specify a Max retry time parameter in the request. The default value of
V(DMRT) is 2 000 ms. DL-management may override this default value. The range of
V(DMRT) is 10 ms to 30 000 ms.

4.7.10| Q(UR) - user request queue

This variable only exists in Normal class DLEs. It is a multi-priority F ity queue,
holding DLPDUs queued for transmission, the associated DL-rq 3 L OCS rce ID
parameters, retry counter and retry timer. One such queue is assqcia ;

4.7.11| C(LAC) - link access counter

This counter only exists in Normal class DLEs. It hold having

the Virfual Link-access token.

4.7.12| C(LIC) - link idle counter

This cunter only exists in Normal class ks ion on, for how long time the

Link has been idle.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

RESEAUX DE COMMUNICATION INDUSTRIELS -
SPECIFICATIONS DES BUS DE TERRAIN -

Partie 4-4: Spécification du protocole de la couche liaison de données —
Eléments de type 4

AVANT-FROFOS

1) La Commission Electrotechnique Internationale (CEIl) est une organisation Blisation

composée de l'ensemble des comités électrotechniques nationaux (Comités 2 a CEIl a
pour| objet de favoriser la coopération internationale pour toutes les quest{ons\ de normalisati ans les
domaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autre act i wbli Normes
interhationales, des Spécifications techniques, des Rapports technique € { | jbles au

publjc (PAS) et des Guides (ci-aprés dénommés "Publication(s) de la CE ). i confloe a des
comités d'études, aux travaux desquels tout Comité national intéresg SUj < participer. Les
orgahisations |nternat|ona|es gouvernementales et non gouvernel s, en-lidison avec la CEl, pdrticipent
égalgément aux travaux La CEIl collabore étroitement avec I' Or arrrs A ede’Normalisatidn (1SO),
selo 4

2) Les flécisi ici i Ay eprésentent, dans lgf mesure
du p S, € € B la CEI
intérp

3) Les 3 & recoMmandatjons internationales et sont Jagréées
com . isomhables sont entreprls afin que la CEI
s'as{ onsable

de I' par un quelconque utilisateur final.

4) Dan{ ationaux de la CEl s'engagent, dans|toute la
mes Sublications de la CEl dans leurs pubjications
natid 3 ¢ 9§ Publications de la CEIl et toutes publications
natid : i & indjguées en termes clairs dans ces derniéres.

5) La - t QU astation de_conformité. Des organismes de certification indégendants
fourni { 'é ati deconfarmjté et, dans certains secteurs, accédent aux marfjues de
conf ité 1. La 9 \sabfe d'aucun des services effectués par les organigmes de
certifi 2

6) Tous sont en possession de la derniére édition de cette publicatipn.

7) Aucl imputée a la CEIl, a ses administrateurs, employés, auxiligires ou
man s particuliers et les membres de ses comités d'études et des |[Comités
natig Rou tout\préjddice causé en cas de dommages corporels et matériels, ou de tqut autre
dominag J ature que’ce soit, directe ou indirecte, ou pour supporter les colts (y compris |les frais
de jysti : écoulant de la publication ou de I'utilisation de cette Publication de la CEl ou de
toute El, ou au crédit qui lui est accordé

8) L'attenti irée syr les références normatives citées dans cette publication. L'utilisation de publications
refé 5 tgatdire pour une application correcte de la présente publication

9) L attntlon est attirée sur le fait que certalns des elements de la présente Publication de la CEI peuvent faire
dls droits
de brevets et de ne pas avoir signalé Ieur eX|stence

L'attention est attirée sur le fait que l'utilisation du type de protocole associé est restreinte par
les détenteurs des droits de propriété intellectuelle. En tout état de cause, I'engagement de
renonciation partielle aux droits de propriété intellectuelle pris par les détenteurs de ces droits
autorise l'utilisation d'un type de protocole de couche avec les autres protocoles de couche
du méme type, ou dans des combinaisons avec d'autres types autorisées explicitement par
les détenteurs des droits de propriété intellectuelle pour ce type.

NOTE Les combinaisons de types de protocoles sont spécifiées dans les normes CEIl 61784-1 et CElI 61784-2.

La Norme internationale CEIl 61158-4-4 a été établie par le sous-comité 65C: Réseaux
industriels, du comité d'études 65 de la CEl: Mesure, commande et automation dans les
processus industriels.
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Cette deuxiéme édition annule et remplace la premiére édition, parue en 2007. Cette édition
constitue une révision éditoriale avec seulement des révisions éditoriales mineures.

Les principales modifications par rapport a I'édition précédente sont énumérées ci-dessous:

a) améliorations éditoriales;
b) corrections;

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote

OOU/ToZIFUIS OOU/ T TZIRVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute infor
aboutija I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/CEI, Pafti

Une lidte de toutes les parties de la série CElI 61158, publiée
de communication industriels — Spécifications des b
web de la CEl.

stabilitg indiquée sur le site web de
relativgs a la publication recherchée.

Le conpité a décidé que le contenu de cette pubficatign era pas modifié avant la d
D €

e recpnduite,
* supprimée,
* remplacée par une édi

fa
N\

ewote ayant

général R¢seaux

le site

ate de
nnées
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INTRODUCTION

La présente partie de la CElI 61158 appartient ala série de normes visant a faciliter
I'interconnexion des composants du systéme d'automatisation. Elle renvoie aux autres
normes de lI'ensemble défini par le modéle de référence de bus de terrain "a trois couches"
décrit dans la CEI 61158-1.

Le protocole de liaison de données assure un service de liaison de données en s'appuyant
sur les services offerts par la couche physique. La présente norme a pour principal objet de
préciser un ensemble de regles de communication, exprimées sous la forme de modes
operatowes que dowent reallser des entltes de Ilalson de donnees homologues (DLE) a

mome nir une

base de developpement stable V|sant a attelndre d|fferents ObjeCtIfS

a) en fant que guide pour les développeurs et les concepteurs;

b) réaliser les essais et acquérir I'équipement;

c) dans un accord d'intégration des systémes dans I'environn€ en S ts;

d) dar temps
au

La pré nt des

capteu | gsociée

a dautres normes des modeéles de réefé ) ; in, emies par

ailleurg i
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RESEAUX DE COMMUNICATION INDUSTRIELS -
SPECIFICATIONS DES BUS DE TERRAIN -

Partie 4-4: Spécification du protocole de la couche liaison de données -
Eléments de type 4

1 Domaine d'application

1.1 Généralités

La codche de liaison de données assure les communications de mgs nte de

temps [de base entre les appareils d'un environnement d'automatis

Ce prgtocole offre un moyen de connecter des appareils_pa Diaj maillé
partiel| de sorte que la plupart des défaillances d'une ipterc Xi pareils
peuvent étre contournées. Les appareils sont générale intey s aniéere
hiérarghique non redondante qui reflete les besoins d¢ I'appticatiqn!

1.2 Bpécifications
La présente norme spécifie:

a) les données et des informatigns de

cor 2 données et une entité utiljsateur
hor de données formant le fournisdeur de
ser|

b) la g tilisée par le protocole de la présente|norme
pol informations de commande, ainsi quje leur
rep s formed'unités de données d'interface physique.

1.3

Les pr

a) d'in : tités DL (DLE) homologues par I'échange de DLPDU de pus de
terfain;

b) d'in ionsentce wi fournisseur de service DL (DLS) et un utilisateur DLS au gein du
mé 9

c) d'interactions entre un fournisseur DLS et un fournisseur de service Ph au sein dulméme

systéme par I'échange de primitives de service Ph.

1.4  Applicabilité

Ces modes opératoires s'appliquent aux instances de communication entre des systémes qui
prennent en charge des services de communications a contrainte de temps dans la couche de
liaison de données des modeéles de référence OSI ou de bus de terrain et qui peuvent étre
connectés dans un environnement d'interconnexion de systémes ouverts.

Les profils sont un moyen simple a plusieurs attributs de récapituler les capacités d'une mise
en ceuvre et donc leur applicabilité en fonction des différents besoins de communications
a contrainte de temps.
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1.5 Conformité

La présente norme spécifie également les exigences relatives aux systémes mettant en
ceuvre ces modes opératoires. La présente norme ne comporte aucun essai visant
a démontrer la conformité a ces exigences.

2 Reéférences normatives

Les documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour les
références datees seule Ied|t|on crtee sappllque Pour les references non datees la
derniéfe ‘ ] @ntuels

g sbjet d'une
malnten nce simultanée. Les references cr0|sees a ces documents dans le texte s& rappoxtent par censéglient aux

ISO/C ! 0SI) -
Modelg de référence de base: Le modele de base (disponible e g >

ISO/C ) 3 0SlI) -
Modelg de référence de base: Dénomination et g o (i i i nent)

erts —

Pour Ies besoins du présen i es, définitions, symboles et abréviations

suivanis s'appliquent.
31 Termes et Zf' i

La prép sur les concepts développés dans I'ISO/CEI 7498-1 et
I'SO/C il
3.1.1 [7498-3]
3.1.2 [74098-3]
3.1.3 centralized-multi-end-point-connection [74[98-1]
3.1.4 L correspondent(N)-entities [74198-1]
correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)
3.1.5 demultiplexing [7498-1]
3.1.6 DL-address [7498-3]
3.1.7 DL-address-mapping [7498-1]
3.1.8 DL-connection [7498-1]
3.1.9 DL-connection-end-point [7498-1]
3.1.10 DL-connection-end-point-identifier [7498-1]

3.1.11 DL-connection-mode transmission [7498-1]
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3.1.12 DL-connectionless-mode transmission [7498-1]
3.1.13 DL-data-sink [7498-1]
3.1.14 DL-data-source [7498-1]
3.1.15 DL-duplex-transmission [7498-1]
3.1.16 DL-facility [7498-1]
3.1.17 DL-local-view [7498-3]
3.1.18 —DL-name [7498-3]
3.1.19| DL-protocol [74[98-1]
3.1.20| DL-protocol-connection-identifier 98-1]
3.1.21 DL-protocol-control-information 74098-1]
3.1.22| DL-protocol-data-unit [74[98-1]

3.1.23( DL-protocol-version-identifier [74[98-1]
3.1.24( DL-relay [74198-1]
3.1.25| DL-service-connection-idestifie & [7408-1]

3.1.26( DL-service-data-unit [74/98-1]
3.1.27| DL-simplex-transmission [7498-1]
3.1.28| DL-subsystem [74/98-1]
3.1.29| DL-user-dat [74[98-1]
3.1.30| flow co [74[98-1]
3.1.31 [74/98-1]
3.1.32 [74[98-3]
3.1.33 [74[98-3]
3.1.34 [74{98-3]
3.1.35 [74198-3]
3.1.36 L_(N)-entity [7498-1]
DL-entity
Ph-entity
3.1.37 (N)-interface-data-unit [7498-1]
DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)
3.1.38 (N)-layer [7498-1]
DL-layer (N=2)
Ph-layer (N=1)
3.1.39 (N)-service [7498-1]

DL-service (N=2)
Ph-service (N=1)
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3.1.40 (N)-service-access-point [7498-1]
DL-service-access-point (N=2)
Ph-service-access-point (N=1)
3.1.41 (N)-service-access-point-address [7498-1]
DL-service-access-point-address (N=2)
Ph-service-access-point-address (N=1)
3.1.42 peer-entities [7498-1]
3.1.43 Ph-interface-control-information [7498-1]
3.1.44—Ph=interface-data {7408-1]
3.1.45| primitive name [74[98-3]
3.1.46| reassembling 98-1]
3.1.47( recombining [74[98-1]
3.1.48| reset [7498-1]
3.1.49| responding-DL-address [74[98-3]
3.1.50| routing [7498-1]
3.1.51 segmenting [7498-1]
3.1.52| sequencing [74[98-1]
3.1.53| splitting [7498-1]
3.1.54| synonymous nhame [74[98-3]
3.1.55( systems-ma efme [7498-1]
3.2 Termes e@'
Pour lg¢s besoins A nt decument, les termes suivants, définis dans I'|SO/CEI 10731 et
relatifsl a la coyche
3.21
3.2.2
3.2.3 confirm {p
requestor.deliver (primitive)
3.24 deliver (primitive)
3.2.5 DL-confirmed-facility
3.2.6 DL-facility
3.2.7 DL-local-view
3.2.8 DL-mandatory-facility
3.2.9 DL-non-confirmed-facility
3.2.10 DL-provider-initiated-facility
3.2.11 DL-provider-optional-facility
3.2.12 DL-service-primitive;
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primitive

3.2.13 DL-service-provider

3.2.14 DL-service-user

3.2.15 DL-user-optional-facility

3.2.16 indication (primitive)
acceptor.deliver (primitive)

3.2.17 multi-peer

3.2.18| request (primitive);
requestor.submit (primitive)

3.2.19| requestor

3.2.20| response (primitive);
acceptor.submit (primitive)

3.2.21| submit (primitive)

3.2.22( symmetrical service
3.3 Termes et définitions

Pour Igs besoins du présent documentNes term

suivants s'appliquent.

3.3.1
broad¢ast-Node-address
adress

Note 1 & I'
égale a
acquittég.

ress est
gt jamais

3.3.2
destin
détient Jo ute~etéments décrivant la route compléte jusqu'a I'arrivég

Note 1
de DLS

'utilisateur

3.3.3
DL-rou

combinaison/d'une Destination-DL-route et d'une Source-DL-route

3.3.4
DL-route-element
octet qui détient une Node-address ou une adresse utilisée par le DLS-user

3.3.5

DLSAP

point distinctif au niveau duquel des DL-services sont fournis par une seule DL-entity a une
seule entité de couche supérieure

Note 1 a l'article: Cette définition, déduite de I'lSO/CEI 7498-1, est reprise ici pour faciliter la compréhension de la
distinction critique entre les DLSAP et leurs DL-addresses.

3.3.6
DL(SAP)-address
DLSAP-address individuelle, qui désigne un seul DLSAP d'un seul DLS-user
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3.3.7
(individual) DLSAP-address
DL-address qui désigne un seul DLSAP dans la liaison étendue

Note 1 a I'article: Une seule DL-entity peut comporter plusieurs DLSAP-addresses associées a un seul DLSAP.

3.3.8
frame
synonyme discrédité de DLPDU

3.3.9
IPNetID
identification d'un réseau IP unique

Note 1  I'article: Un IPNetID est traduit en IP-address et en UPD port number.

3.3.10
IPNetTable

définitipn de la relation entre un IPNetID, une IP-address
adressje de nceud de routeur, lorsque I'lPNetID est utilisé &0

bt une

3.3.11

IP Range net

définit |I'utilisation pour un accés local, Z jrectement aux noedds via
le ménpe sous-réseau que le client oupaine b bseaux

sont cgnfigurés dans le routeur local

3.3.12
liaison locale

sous-réseau DL unique d cghnectées peut communiquer directement
sans llintervention d' is que toutes les DLE participant|a une
instange de communi P anément attentives au DL-subnetwork pendant la ou
les péniodes de 3

3.3.13
no-Co
adress

Note 1 §

3.3.14
node
DL-enfity unique tete“qu'elle se présente sur une liaison locale

3.3.15
node-address
adresse qui identifie de fagon univoque une DLE sur une liaison

Note 1 a I'article: La valeur d'une Node-address peut varier de 0 a 127, les valeurs 0, 126 et 127 étant réservées
a des besoins particuliers.

3.3.16

normal class device

appareil qui répond a des demandes provenant d'autres appareils de classe normale et qui
initie des émissions

Note 1 a I'article: Un tel appareil peut agir en tant que serveur (responder) et client (requestor), ce qui s'appelle
également un homologue.
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3.3.17
Type 4-route
détient une séquence de Type 4-route-elements

Note 1 a I'article: Une Type 4-route est définie comme étant une DL-route codée avec I'un des formats utilisés lors
de la transmission de la DLPDU sur la liaison. Le format de la Type 4-route peut étre Simple, Extended, Complex,
Immediate ou IP.

3.3.18

Type 4-route-element

octet, qui détient un DL-route-element ou une Remaining-route-length de 7 bits, ainsi qu'un
indicateur de source/ destination d'1 bit

3.3.19
receiving DLS-user
utilisatpur du DL-service auquel sont destinées les DL-user-data

Note 1 g I'article: Un utilisateur de DL-service peut étre simultanément un seg
user.

eceiving DLS-

3.3.20
sending DLS-user
utilisatpur du DL-service a la source des données utj

3.3.21
servicp-Node-address
adressje réservée uniquement aux besoin

Note 1 & I'article: Toutes les DLE sur une liaigon r es DLPDU ou la premiére Node-addfress est
firmed ou Unconfirmed et leur récepfion peut

$ ecoivent ¥
! DLPDU peuye
ou peut] ne pas étre acquittée. grvice~Node-Add b étre utilisée sur des liaisons avec deux DLE

égale a|a Service-Node-Addres
seulemgnt - la DLE de classe NoO c ta DLE de-classe Simple ou Normal en réponse. La valeur de
la Servige-Node-Address esité

3.3.22
simplg class de
appargil qui répond appareils de classe normale et qui ne peut agir que
commae serveur od ré >

3.3.23

détient 20 deDL-route-elements décrivant le chemin complet de retour vers le

UDP pprt_number

numér f f

Note 1 a l'article: L'UDP port number est 34378 pour un port UDP Normal. L'UDP port number est 34379 pour un
port UDP Secure.

Note 2 a I'article: Ces UDP port numbers sont enregistrés par I'lANA (Internet Assigned Numbers Authority).

Note 3 a I'article: Il existe deux UDP port numbers: port UDP Normal et port UDP Secure.

3.3.25

UDP range net

définit l'utilisation pour un accés a distance, lorsque I'on ne peut pas accéder directement
a un noceud sur le méme sous-réseau que le client

Note 1 a I'article: L'IPNetTable détient I'adresse IP d'un routeur NAT et I'accés au nceud est obtenu par le biais de
ce routeur NAT.
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Note 2 a I'article: Le routeur NAT doit détenir une table qui traduit I'UDP port number en adresse IP de nceud de
serveur et UDP port number effectifs.

3.3.26
virtual link-access token
base pour le systéme link-access

Note 1 a l'article: On parle de virtuel, car le jeton n'est pas explicitement envoyé d'une DLE de classe Normal
a une autre, mais transmis implicitement lorsque la liaison est inactive.

3.4 Symboles et abréviations

3.4.1 Constantes, variables, compteurs et files d'attente

3.41.1 BNA broadcast node address (adresse de noceud de
3.4.1. C(LAC) link access counter (compteur d'acces a )&
3.4.1. c(LIC)
3.4.1. SNA
3.41.5 NCNA
3.4.1.6 Q(UR)
3.4.1.7 V(ACPDU)

3.41.4  V(AUPDU)

3.419  V(BR)

3.4.1.

V(DC)

3.4.1.
3.4.1.

3.4.1. evaddress (adresse de noeud)

3.41. number of DLEs (nombre de DLE)

3.4.1. permitted number of retries (nombre de réessais autorisés)

3.41. Table to convert IPNetID to IP-addresses (table de conversipn

d'IPNetID en IP-addresses)

3.4.2 Divers

3.4.2.1 RCL/ACK response comes later / acknowledge (réponse donnée
ultérieurement / acquittement)

4 Définition du protocole de liaison de données

4.1 Vue d'ensemble du DL-protocol

La DLL offre des services de transfert de données sans connexion pour des DLSDU a taille
limitée d'un DLS-user a un ou plusieurs DLS-users (diffusion).
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1 —

Une DLE est connectée implicitement a une PhE et a un DLSAP unique. Cela signifie que,
lorsqu'un DLS-user local émet une primitive service a un certain DLSAP, la DLE, donc la

liaison

Une DLE transmet toujours des DLSDU

utilisat

, est implicitement sélectionnée.

eur DLS-user.

Ce concept est démontré dans la Figure 1.

Application

Layer

DLS-user

DLS-user

Layer

Physical

Layer

recues au méme DLSAP et donc au méme

Hégende

Ang}a’k\ TN \ Frangais
Lpyer A w COM
DLS-user | ~Utflisateur DLS
Y | pLsap
Diata Link Laye}\//\ R > Couche de liaison de données
DLE N DLE
Physical L;qker \\ Couche physique
e < \\ D PhE

Chaqu
univoq

=)

B une Node-address.
e lés)DLE au’sein de la méme liaison.

Les Node-addresses

Figure 1 — Relation entre PhE, DLE et DLS-user

identifient de nf

aniére

Un DL-route-element représente un octet qui peut contenir soit une Node-address, soit une
adresse utilisée par le DLS-user.

Une Destination-DL-route contient une séquence de DL-route-elements décrivant la route
compléte jusqu'a la destination.

Une Source-DL-route contient une séquence de DL-route-elements décrivant le chemin
complet de retour vers la source.

Une DL-route est définie comme une Destination-DL-route et une Source-DL-route.
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4.1.1 Classes fonctionnelles

La classe fonctionnelle d'une DLE détermine ses capacités et ainsi la complexité des mises
en ceuvre conformes. Deux classes fonctionnelles sont définies:

— la classe Simple, qui inclut seulement une fonctionnalité de répondeur (serveur).

— la classe Normal, qui inclut une fonctionnalité d'initiateur et de répondeur (client et serveur
appelés également homologue).

4.1.2 Fonctions de la DLL

Les fonctions de la DLL sont celles nécessaires pour combler le fossé entre les services

P e EUX OITE JUX D ~USEers. O O ES:

a) Re parser

la [ gehérer une
prif c i est ou
res 9 R la DLE
distante.

b) Regevoir une PhIDU unique indiquant LINK-IDLE ors de

I'atiente d'une primitive request du DLS-user.

Initiatejur (DLE de classe Normal):

c) Convertir une primitive request du nte et
I'enivoyer a une DLE distante (ou n) ala
premiére occasion. Attendre éventuelle U Acknowledge ou Immediate-reply

de |la DLE distante e
ind|cation pour le DLS>

ply est regue) générer une primitive

d) Regevoir une SPD ¢ Ses” associées pour contréler ou obtenir une
syrichronisation du'Li

e) Regevoir u LINK-IDLE, l'utiliser pour conseryer la
syrchronisation ¢ éntuellement pour initier I'envoi d'une DLPDU [depuis
la attentey) n'est pas vide ou, si elle est vide, pour envoyer une
SP i Link-access.

Ces fo i : a Figure 2 a la Figure 4.

4.1.21

Les tg@rmesS/Acknqwledged et Unacknowledged sont utilisés pour indiquer si J|a DLE
destinataire-doit acquitter ou non la réception d'une DLPDU. Les termes Confirmed et
Unconfirméd sont utilisés pour indiguer si le DLS-user destinataire doit confirmer ou |non la
réception d'une DLSDU.

La variable V(ACPDU), Acknowledge Confirmed PDU, indique si la DLE doit acquitter la
réception de DLPDU Confirmed. La variable V(AUPDU), Acknowledge Unconfirmed PDU,
indique si la DLE doit acquitter la réception de DLPDU Unconfirmed.

Un cas spécial est celui dans lequel la premiére Node-address dans une DLPDU regue est
égale a la Broadcast-Node-address (BNA). Dans ce cas, la DLE destinataire ne doit jamais
acquitter la réception de la DLPDU.

4.1.2.2 Mode duplex non simultané ou simultané

Sauf indication contraire, la PhL est supposée prendre en charge un transfert en mode duplex
non simultané. Toutefois, une PhL prenant en charge le mode duplex simultané est autorisée.
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Les systéemes en mode duplex simultané permettent jusqu'a 125 DLE sur une liaison, toute de
classe Normal. Chaque DLE est autorisée a transmettre immédiatement, c'est-a-dire qu'il
n'existe aucun systéme de Link Access. Les DLE prenant en charge les PhE en mode duplex
simultané possédent des diagrammes d'états distincts pour recevoir et transmettre, comme

illustré a la Figure 5 et a la Figure 6.

Dans des systémes en mode duplex simultané, les DLPDU Confirmed et Unconfirmed sont

Unacknowledged.

Les PhL prenant en charge le mode duplex simultané ne doivent pas fournir de primitives

indication Link-ldle.

— 63 -

user

Indication to DLS-

—~

Error OK
\

Receive DLPDU

f

START-OF-ACTIV

Token received and

queue not empty

v

Queue DLPDU

Request from DLS-user

Send DLPDU
from queue

Légende

Anglais

Frangais

Indication to DLS-user

Indication a I'utilisateur DLS

Error

Erreur

Receive DLPDU

Réception DLPDU
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Anglais

Frangais

Queue DLPDU

DLPDU de file d'attente

START-OF-ACTIVITY indication from PhE

Indication de début d'activité de PhE

Request from DLS-User

Demande de I'utilisateur DLS

Idle

Repos

Token received and queue not empty

Jeton recgu et file d'attente non vide

Send DLP from queue

Envoi DLP de la file d'attente

Figure 2 — Diagramme d'états de DLE pour des DLPDU non acquittées
confirmées et non confirmées

e

@%
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pal

Indication to DLS-

— 65 —

Wait for request
or response
from DLS-user

N

Response from DLS-

user or 30 bit idle

user Request from *
DLS-user
T Send Acknowledge
DLPDU
Error OK
AY /

Receive DLPDU

f

START-OF-ACTIVITY

indication from PhE

Send Immediate-
reply DLPDU

N

DLS-user

Error indication to

4

Retrfansmission
ngdt allowed

35 bit idle

rrop indication to

@
DLS-user

Se
fron™queu

N

DL

ait for Immediate-
eply or Acknowledge
DLPDU

/

k

Retransmission

not allowed

Retransmission
allowed

g

“euew
N\

Queue DLPDU for
retransmission if
allowed

Indication to

DLS-
user

Received RCL/ACK

Raocaived I\ ait

1,

Racoile.

Error

Légende

START-OF-ACTIVITY
indication from PhE

v

Receive DLPDU

immediate reply

Anglais

Frangais

Wait for request or response from DLS-user

Attente de demande ou de réponse de
I'utilisateur DLS

Response from DLS-user or 30 bit idle

Réponse de l'utilisateur DLS ou repos 30 bits

Request from DLS-user

Demande de I'utilisateur DLS
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Anglais Frangais

Indication to DLS-user Indication a I'utilisateur DLS

Error Erreur

Send Acknowledge DLPDU Envoi DPLDU d'acquittement

Receive DLPDU Réception DLPDU

Send Immediate-reply DLPDU Envoi DLPDU de réponse immédiate

Queue DLPDU DLPDU de file d'attente

START-OF-ACTIVITY indication from PhE Indication de début d'activité de PhE

Idle Repos

Rlequest from DLS-user Demande de I'utilisateur DLS /\

Efror indication to DLS-user Indication d'erreur a I'utilis%téhﬁ\ DI?S\

Tpken received and queue not empty Jeton regu et file d'atteqté\}\vid(x

Efror indication to DLS-user Indication d'erreuerﬂaté\{r\N\S

Rletransmission not allowed Retransmission n&({autor

sknd DLPDU from queue Envoi DLPDQe\l‘a{\HQ Nittente \

Retransmission not allowed Retrarm\n(m\ah%riy\ﬁg

Rletransmission allowed Retri(nsrr(l’s\#on Mr@e\)

Rletransmit DLPDU immediately if allowed @h&g\yﬁyéiomLPbkgimmédiate si autorisée

Wait for Immediate-reply or Acknowled@% Rtte@tj DURD ?ﬁnse immédiate ou
d'acquittement

Queue DLPDU for retransmission if allow, RDUY file d'attente pour retransmission si

—~ 2 {ofisée

3b bit idle \ \ Rep}s\z?s/bits

Received RCLIACK N JRC‘F(A:K regu

Indication to DLS-us%r ~l-ﬁd/ication a l'utilisateur DLS

S[TART-OF-A2fITYNndication fem'BhE "\ | Indication de début d'activité de PhE

Rleceived Wait Attente regue

Rleceived imm;en‘%‘e\re;%\ V\ Réponse immédiate regue

Efror Erreur

Receive QLPBU\\ \ > Réception DLPDU

Fiqur \ram e d'états de DLE pour des DLPDU acquittées confirmées
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Indication to DLS-

user
Error OK Send Acknowledge
\ I UL Uy

Receive DLPDU

f

N

AN

START-OF-ACTIVITY
indication from PhE

Error indication to
DLS-user

Retrfansmission
ngdt allowed

@ indication to
DLS-user

k

Retransmission

not allowed .
Retransmission

\ allowed
/

Queue DLPDU for
retransmission if
allowed

Send DL
fron™queu
I\

t for Acknowledge
DLPDU

Received RCL/ACK
35 bit idle

/ Raocaived I\ ait

START-OF-ACTIVITY
indication from PhE

\ 4

Eror | Receive DLPDU
Légende
Anglais Frangais
Indication to DLS-user Indication a I'utilisateur DLS
Error Erreur
Send Acknowledge DLPDU Envoi DPLDU d'acquittement
Receive DLPDU Réception DLPDU
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Anglais Frangais
START-OF-ACTIVITY indication from PhE Indication de début d'activité de PhE
Queue DLPDU DLPDU de file d'attente
Idle Repos
Request from DLS-user Demande de I'utilisateur DLS
Error indication to DLS-user Indication d'erreur a l'utilisateur DLS
Token received and queue not empty Jeton recgu et file d'attente non vide
Error indication to DLS-user Indication d'erreur a l'utilisateur DLS
Retransmission not allowed Retransmission non autorisée
Send DLPDU from queue Envoi DLPDU de la file d'attentg” ™\
Retransmission not allowed Retransmission non autorisge ~
Rletransmission allowed Retransmission autorisé
Rletransmit DLPDU immediately if allowed Retransmission DI_yDth\mg‘d\ﬂe}te\si a\x@h‘s@e/
Wait for Acknowledge DLPDU Attente DLPDU d'éxiquit%m%t\ )
Queue DLPDU for retransmission if allowed DLPDU de fide d'a e %r;\etra>smission si

autorisée
3b bit idle RepO/s/35}JQs \
Received RCL/ACK ReLMCK relou
S[TART-OF-ACTIVITY indication from PR\ /[ "ndication (e débjit ¢agtivité de PhE
Rleceived Wait Atte)\e reg\‘»{
Efror /A \E}l‘e\ur
Receive DLPDU | (O Reteption pLroU
Figure 4 — Diagram d' WLPDU acquittées non confirmges
%c |\W3LS-
us
Error OK
\ /
Receive DLPDU
f
START-OF-ACTIVITY
indication from PhE
\
Légende

Anglais Francais
Indication to DLS-user Indication a I'utilisateur DLS
Error Erreur
Receive DLPDU Réception DLPDU
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Anglais Frangais

START-OF-ACTIVITY indication from PhE Indication de début d'activité de PhE

Idle Repos

Figure 5 — Diagramme d'états de DLE destinataire en mode duplex simultané

Queue DLPDU

Request f DhS-us

Queue not €m

Hégende /\<\

\ \Mglaﬁ\ \\/ Francais
dueue DEPDN\ X N DLPDU de file d'attente
Regu@st fram BLS-Dsér\ Demande de I'utilisateur DLS
Idle Repos
Queue noWy \ File d'attente non vide
Send DLPDU from“queue Envoi DLPDU de la file d'attente

41.2.3 Types de DLPDU

Quatre types différents de DLPDU sont définis:

Confirmed - utilisé pour envoyer des demandes confirmées entre des DLS-users.

Unconfirmed - utilisé pour envoyer des réponses ou des demandes non confirmées entre
des DLS-users.

Acknowledge - utilisé par les DLE pour acquitter la réception de DLPDU Confirmed ou
Unconfirmed. La réception de DLPDU Acknowledge ne doit jamais étre acquittée.

Immediate-reply - utilisé pour envoyer des réponses entre des DLS-users. La réception
de DLPDU Immediate-reply ne doit jamais étre acquittée.
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4.1.2.4 Types de SPDU

Un seul type de SPDU (Support Protocol Data Unit) est défini:
Sync - utilisé pour envoyer des informations de synchronisation d'accés a la liaison entre
des DLE. Une SPDU détient la Node-address de la DLE détenant le Virtual Link-access

token. Une SPDU peut étre "autonome" ou faire partie d'une DLPDU Acknowledge ou
Immediate-reply.

4.1.2.5 Réle du répondeur, réception d'une DLPDU provenant de la PhE

Cette action comporte une séquence d'étapes décrites ci-dessous.

contient un¢ Node

a) Regevoir une PhIDU unique indiquant START-OF-ACTIVITY. Cette PhID
address. Cette adresse est examinée pour déterminer si sa valeu & Node-
address de cette DLE, a la Broadcast-Node-address (BNA) ddress
(SNA). Dans le cas contraire, ignorer cette séquence et attehdxe\la prockaine [PhIDU
ind|Jquant START-OF-ACTIVITY.

b) Regevoir une séquence de PhIDU de la PhE en indiquant D O\C snep DLPDU
regue, calculer une séquence de contrdle de frame s a iere de données
recues comme indiqué par la valeur de V(FCM), Fram Met , Si nécessaire,
vérffier que la valeur est correcte. Si la valeur est i » i tendre
la grochaine PhIDU indiquant START-OF-ACTIVITY

c) Convertir la DLPDU regue en informations d nts de
données.

d) Geépérer une primitive indication po
e) Si [la DLPDU regue de la DLE distante es

la DLPDU doit étre acquittée, conj nent \au
une primitive request ou y D

Confirmed et que la réception de
gles spécifiées en 4.1.2.1, aftendre

Si aucune primitivepNeque = e\n'est émise par le DLS-user local en temps$ voulu
(avpnt qu'une PhIDU\ipdiy of 30 bit periods" ne soit recue de lal PhE),
générer et envoye pate b urne DLPDU Acknowledge. Cette DLPDU doit indiquer
"Wait"  si c &imple, ainsi que "Response Comes LUater /
Acknowledge" ("R \ DEE est de classe Normal.

Si ine primiti < émise par le DLS-user local en temps voulu, géngrer et
enyoyer i 3dig DLPDU Acknowledge indiquant "Wait" si cette DLE |est de
clagse Sim . si cette DLE est de classe Normal.

Si pne primit St est émise par le DLS-user local en temps voulu, la convertir en
unge DLPD ediate-reply et I'envoyer immédiatement. Aprés l'envoi, attendre la
prochaine*PhIDt.ndiquant START-OF-ACTIVITY.

f) Si : 2—réception de
la DLPDU ne d0|t pas etre acqwttee attendre la prochalne PhIDU |nd|quant START-OF-
ACTIVITY.

g) Si la DLPDU regue de la DLE distante est de type Unconfirmed et si la réception de
la DLPDU doit étre acquittée, conformément aux regles spécifiées en 4.1.2.1, générer et
envoyer immédiatement une DLPDU Acknowledge indiquant RCL/ACK. Aprés l'envoi,
attendre la prochaine PhIDU indiquant START-OF-ACTIVITY.

h) Si la DLPDU regue de la DLE distante est de type Unconfirmed et si la réception de
la DLPDU ne doit pas étre acquittée, attendre la prochaine PhIDU indiquant START-OF-
ACTIVITY.

4.1.2.6 Réle du répondeur, réception d'une PhIDU indiquant LINK-IDLE

En tant que répondeur, lors de l'attente d'une primitive request ou response du DLS-user
local, la réception d'une PhIDU provenant de la PhE indiquant "LINK-IDLE for 30 bit periods"
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est utilisée pour temporiser l'attente du DLS-user. Les actions possibles résultant de la
temporisation sont spécifiées en 4.1.2.5.

4.1.2.7 Réle d'initiateur, gestion des primitives request provenant du DLS-user local
Cette action comporte une séquence d'étapes décrites ci-dessous:

a) Convertir une primitive request provenant du DLS-user local en une DLPDU, la mettre en
file d'attente et I'envoyer a une DLE distante (ou a toutes les DLE de la liaison en cas de
diffusion) a la premiére occasion.

b) Si Ia DLPDU envoyee est de type Unconflrmed et SI| convient que la DLE destinataire
LPDU

Acknowledge de la DLE distante indiquant RCL/ACK. Si aucun acquit ' ecu en
temps voulu (avant qu'une PhIDU indiquant "LINK-IDLE for 35 bit peyiqds" ne seit\regue de
la PhE), retransmettre immédiatement la DLPDU si le nombre de ¢ nission
autprisé n'a pas été atteint. Si, aprés le nombre de réessais d iSsion Qfisé, la

c) Si |a DLPDU envoyée est de type Unconfirmed et s'il cohvient™ inataire
n'agquitte pas la réception, cette action est terminée.

ihataire
5e, ou

d) Si |a DLPDU envoyée est de type Confirmed e
acquitte la réception, attendre une DLPDU |
ung DLPDU Acknowledge, de la DLE distante.

Si ine DLPDU Acknowledge est rgcte \ i qu'une
PhIDU indiquant "LINK-IDLE for 35 b ' 8 ittement
indjJque "RCL/ACK", ement indique "Wait", |mettre
la DLPDU en file d'attente pour un i le temporisateur de réessais gssocié
n'alpas expiré. Si le temporlsateu de ré, générer une primitive indication
podr le DLS-user avecAes i ati a ppropriées.

Si yne DLPDU Im

distante, conyerti
composants ‘o@&- ees, plisgénerery

si
retf

a_reponse est regue en temps voulu de |a DLE
informations de contréle de DL-protgcol et

eponse n'est regu de la DLE distante en temps|voulu,
LPDU (alors que cette DLE détient toujours le [Virtual

Lin 38 i oxmbre de réessais de transmission autorisé n'a pas été ptteint.
Si vais de transmission autorisé, la transmission est toujqurs en
éch SNérey e primitfive indication pour le DLS-user avec les informations d'erreur

apf

e) Si [a DLPDB\envoyée est de type Confirmed et s'il convient que la DLE destipataire
n'agquitte'pas laréception, cette action est terminée.

4.1.2.8—Réle-d'initiateurstink-aceess

Le systeme de Link-access est basé sur ce que I'on appelle un Virtual Link-access token. On
parle de virtuel, car le jeton d'accés n'est pas envoyé explicitement d'une DLE de classe
Normal aune autre, mais transmis implicitement lorsque la liaison est inactive.

Les compteurs et variables DLE suivants sont utilisés par le systéme de Link-access.

— V(NA) - Node-address. Chaque DLE sur une liaison est identifiée de maniére univoque par
sa Node-address, dont la valeur est stockée dans V(NA). La valeur de V(NA) doit étre
différente pour toutes les DLE sur la liaison.

— V(NDLE) - Number of DLEs - contient le nombre maximal de DLE de classe Normal sur la
liaison. La valeur de V(NA) doit étre inférieure ou égale a la valeur de V(NDLE). La valeur
de V(NDLE) ne doit pas dépasser 32. La valeur de V(NDLE) doit étre identique dans
toutes les DLE sur la liaison.
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— C(LAC) - Link Access Counter - contient la Node-address de la DLE détenant le Virtual
Link-access token. La valeur de C(LAC) sera identique dans toutes les DLE sur la liaison.

— C(LIC) - Link Idle Counter - contient des informations sur la durée pendant laquelle la
liaison a été inactive. La valeur de C(LIC) sera identique dans toutes les DLE sur la
liaison.

La Figure 7 illustre la fonctionnalité du systéme de Link-access. La ligne "Action" décrit
I'utilisation de la liaison. La premiéere action est la suivante: la DLE ayant la Node-address 2
envoie une DLPDU Confirmed et recoit la DLPDU Immediate-reply correspondante. La
seconde action est la suivante: la DLE ayant la Node-address 3 envoie une DLPDU
Unconfirmed. Ensuite, aprés une longue période d'inactivité, la DLE ayant la Node-address 2
envoie une SPDU Sync.

La DLE qui a la Node-address 4 n'est pas présente. Dans le cas cop ient que
la DLE# envoie la SPDU Sync, étant donné que la liaison était rest€e_ina nt des
périodes de 360 bits a la "réception" du Virtual Link-access token. tenant
le jeton est la DLE1, qui est présente et envoie par conséquent Ja
Actipn DLE2 req. response DLE3 réq. (7 DLE1 sync.
Lo : : <>
) ] | ] | | \/ : L _d
LinK signal b ! ! : S .l -
levdl w R N N\\ \ N\J @
(@GN \ __________
C(LAC) {\%N/\\ 3 B
e 2 <§> 1 1]
Sdale: 10\bit perigds
Hégende
Anglais Francgais
Link signal level Niveau de signal de liaison
C(LAC) C(LAC)
C(LIC) C(LIC)
DLE2 req. response DLE3 req. Dem. DLE2 réponse Dem. DLE3
DLE1 sync Sync. DLE1
Scale: Echelle:
10 bit periods Périodes de 10 bits

Figure 7 — Exemple d'accés a la liaison

Chaque PhIDU unique indiquant LINK-IDLE détient des informations précisant si la liaison a été
inactive pendant des périodes de 30 bits, des périodes de 35 bits ou des périodes de 40 bits
ou plus dans le paramétre d'état associé.
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A chaque fois qu'une valeur LINK-IDLE indiquant que la liaison a été inactive pendant des
périodes de 40 bits ou plus est regue, la valeur de C(LAC), Link Access Counter et la valeur
de C(LIC), Link Idle Counter, est incrémentée de 1. Lorsque la valeur de C(LAC) dépasse la
valeur de V(NDLE), la valeur de C(LAC) est définie sur 1.

A chaque fois qu'une valeur LINK-IDLE indiquant que la liaison a été inactive pendant des
périodes de 30 bits est regue, la valeur de C(LIC) est définie sur 0.

Si, immédiatement aprés I'incrémentation du compteur C(LAC), la valeur de C(LAC) est égale
a la Node-address de cette DLE, cela signifie que cette DLE détient le jeton virtuel et qu'elle
est donc autorlsee a envoyer (et eventuellement retransmettre) une DLPDU de la file
d'attente
PhE.

vérifie

pour u
envoygnt START-OF-ACTIVITY-2 a Ia PhE. Le champ de do

et corntenir la Node-address de cette DLE. Ce systén
synchrpnisation des compteurs d'inactivité de toutes \
valeurg de C(LAC) et de C(LIC) dans toutes les DLE/sur lq liatgon;

Chaque PhIDU unique indiquant STAR cateur

de source/destination dans le champ‘de d ‘ 3} - Node-
addres ' ¢ t. Une
telle P

Lorsque la DLE recoit une y - a lajvaleur
de C(LJAC). Si les 2 vale 2 ighifi€ que la DLE est synchronisée ayec les

autres|DLE sur la liaisen. Sj < dgales, cela signifie que la DLE est hors
synchrpnisation. Tant S synchronisation, elle est uniquement autorisée a
agir cgmme rép a nouveau une synchronisation du Link-pccess
est dégrite en 4.

4.1.3

Le P pr|m|t|ves Physical Service (PhS) supposées ef leurs

La grapulafité de lasfansmission dans le protocole de bus de terrain est de un octet. |l s'agit
de la dgranularité des données du PhS-user échangées au niveau de l'interface PhL - DIL.

4.1.3.1.1 Services de gestion du PhS

Le PhS est supposé fournir les primitives service suivantes pour obtenir et définir les valeurs
des parameétres de la PhE:

a) Primitive request Ph-SETVALUE (nom du parameétre, nouvelle valeur)
b) Primitive confirm Ph-SETVALUE (état)

c) Primitive request Ph-GETVALUE (nom du paramétre)

d) Primitive confirm Ph-GETVALUE (valeur actuelle)

Ces services sont utilisés par la DLE pour

1) définir le débit binaire, suite a un changement de débit binaire via la DL-management;
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obtenir le débit binaire, suite & une lecture du débit binaire ou du Max Indication Delay via
la DL-management. La valeur de Max Indication Delay est calculée a partir de la valeur
actuelle de débit binaire et doit indiquer une valeur correspondant a des périodes de
30 bits.

4.1.3.1.2 Services de transmission et de réception du PhS

Le

PhS est supposé fournir les primitives service suivantes pour la transmission et la

réception:

a)
b)
c)

ou

Primitive request Ph-DATA (classe, données)
Primitive Indication Ph-DATA (classe, données, état)

Prifnitive confirm Ph-DATA (état)

class 7 indique le composant Ph-interface-control-information (P terMface-data-

unit (PhIDU).

Pour uphe primitive request Ph-DATA, les valeurs possibl

Pour u

START-OF-ACTIVITY-1 - la PhE doit activer sion (pijote e la transmission en
trapsmettant le parameéetre de données assg omy n "Address character". Ja PhE
doif procéder immédiatement avg \pieur d'inactivité de lfla PhE

n'atteigne 11.

START-OF-ACTIVITY-2 - |la PhE doit i ilote et initier la transmission en
trapsmettant le parameétre de donné 3 i€ nE doit
faire cela immédiate g de la
PhE n'atteigne 2.

DATA - la Ph it
"Dgta chara
EN . endre la fin de la transmission de toutes les données

reg onnée
asg

me un

ST1/4 e dans
le paramgtre deMdonnée associé. Le parameétre d'état associé indique la réussitg ou la
raigon{détectée localement de I'échec.

DATA - la PhE a regu un "Data character" dont la valeur est reportée dans le parameétre de
donnée associé. Le paramétre d'état associé indique la réussite ou la raison détectée
localement de I'échec.

LINK-IDLE - la PhE a détecté que le niveau de signal sur la liaison était "lIdle" pendant des
périodes de 30, 35, 40, 50, 60... bits. Le paramétre d'état associé indique si la liaison a
été inactive pendant des périodes de 30 bits, des périodes de 35 bits ou des périodes
de 40 bits ou plus.

NOTE La PhE contient un compteur d'inactivité. Ce compteur est incrémenté a chaque fois que le niveau du
signal sur la liaison a indiqué une inactivité pendant une période d'un bit. A chaque fois que le niveau du
signal n'indique plus d'inactivité, le compteur d'inactivité est remis a zéro. Lorsque le compteur d'inactivité
atteint 30, la PhE le signale par une primitive indication Ph-DATA de classe LINK-IDLE et un état associé
indiquant des périodes de 30 bits. Cinq périodes de bits plus tard, si la liaison est toujours inactive, la PhE le
signale par une autre primitive indication Ph-DATA de classe LINK-IDLE et un état associé indiquant des
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périodes de 35 bits. Cing périodes de bits plus tard, si la liaison est toujours inactive, la PhE le signale par une
autre primitive indication Ph-DATA de classe LINK-IDLE et un état associé indiquant des périodes de 40 bits ou
plus. Ce processus se poursuit ensuite pour chaque période de 10 bits avec des indications indiquant des
périodes de 40 bits ou plus, jusqu'a ce que le niveau de signal sur la liaison n'indique plus d'inactivité.

data - indique le composant Ph-interface-data (PhID) de la PhIDU. Il comporte un octet de
données Ph-user a transmettre (primitive request Ph-DATA) ou un octet de données Ph-
user regues (primitive indication Ph-DATA).

status - indique soit la réussite, soit la raison détectée localement de I'échec, ou encore si
la primitive indication LINK-IDLE associée indique des périodes de "30", "35" ou "40 or
more" bits d'inactivité aprés une activité de la liaison.

La pn]mtlve confirm Ph-DATA fournit le feedback nécessaire pour pefmetire a Ia DOLE de
signalgr des défaillances telles qu'un court-circuit de la liaison ou dy/brui d'une
erreur [de trame au DLS-user, ainsi que la temporisation physique & inre pour
empécher la DLE de lancer une seconde transmission avant que la<pren i minée.
4.1.3.2 Transmission de données du Ph-user

Lorsqu'une DLE a une DLPDU a transmettre et que ’\ i donne

a cettel DLE le droit de transmettre, n FCS

concatgné. Le lancement d'une séquence de primifive i iqué ci-

dessoys provoque ce qui suit:

a) la | premiere primitive request DLPDU
a tlansmettre est une DLPDU Ackno ) i e on est
ung retransmission immédiate d'une i ou Unconfirmed. La premiére
primitive request doit indiquer 2 si la transmission d'une DLPDU
Confirmed ou Unconfirmed depuis la fi e esY’commencée;

b) la premiére primitive - i ivie¢ de_primitives request consécutives indiquant
DATA et terminée p# imitpve est unigque indiquant END-OF-ACTIVITY.

La PhE signale quest Ph-DATA et sa disponibilité pour agcepter

une nqguvelle prir ¢ une primitive confirm Ph-DATA. Le parpmétre

d'état equest

Ph-DAT

4.1.3.3

La PhE a oivent

étre cd S S wne/primitive indication unique indiquant START-OF-ACTIVITY, soif d'une

primiti i ati i indi -OF- ivi imiti indication
conséquti i ant Data. Chaque primitive indication posséde un paramétre| d'état

associg¢ indiquant la réussite de la réception des données associées ou la raison dg¢tectée
localement d'un échec.

4.2 Structure générale et codage des PhiDU et DLPDU, mais aussi éléments de
procédure connexes

4.2.1 Structure et codage de PhIDU

Chaque PhIDU contient des Ph-interface-control-information et dans certains cas un octet de
Ph-interface-data (voir 4.1.3). Lorsque la DLE transmet une DLPDU, elle calcule une
séquence de contrbéle de frame pour la DLPDU comme énoncé en 4.2.2, concatéene la DLPDU
et la séquence de contrbéle de frame, puis transmet la paire concaténée comme une séquence
de PhIDU comme suit:

a) La DLE émet une primitive request Ph-DATA unique avec un PhICI indiquant START-OF-
ACTIVITY-2 en cas d'envoi depuis la file d'attente et indiquant START-OF-ACTIVITY-11 en cas
d'envoi d'une DLPDU Acknowledge ou Immediate-reply ou en cas de retransmission en
raison d'un acquittement manquant. La primitive request est accompagnée d'un octet


https://iecnorm.com/api/?name=ac8d53c434105f73b5951c7dcb07ffee

- 76 - IEC 61158-4-4:2014 © IEC 2014

contenant le premier octet de la DLPDU comme Ph-interface-data. Aprés cela, la DLE
attend la primitive confirm Ph-DATA résultante.

b) La DLE émet une séquence de primitives request Ph-DATA avec un PhICI indiquant DATA,
chacune accompagnée d'un octet de la DLPDU comme Ph-interface-data, du deuxieme au
dernier octet de la DLPDU et, aprés que chaque primitive request Ph-DATA attend la
primitive confirm Ph-DATA résultante.

c) Si la valeur de V(FCM), FrameCheckMethod, indique un contréle de frame réduit, la DLE
émet une primitive request Ph-DATA unique avec un PhICI indiquant DATA, accompagnée
d'un octet contenant le FCS calculé comme Ph-interface-data et aprés que la primitive
request Ph-DATA attend la primitive confirm Ph-DATA résultante. Si la valeur de V(FCM),

FrameCheckMethod |nd|que un controle de frame normal la DLE émet une sequence de

pri ge d'un
oct £s que
chgque primitive request Ph- DATA attend la primitive confirm P . Sila
valeur de V(FCM), FrameCheckMethod, indique I'absence de me, la
trapsmission est terminée

d) LaPLE émet une primitive request Ph-DATA unique ave indiqus ND-OF-

La mise en ceuvre garantit qu'il n'existe aucune entre les |octets

La DL edue e unité
Ph-inte - imiti indi ) < s./en calculant une séquence
de contréle de frame pour les octels \ S 2.2, i are la
valeur [FCS recue avec celle calculée comn it

1) La RT-OF-
ACTIVITY, accompagng -i -data et
init|ali IS

2) La PLE recoit une| s8 \ srimitlyes—idicati - indiquant
DATA, chacune\a i b-data,
caltule de octets
regus, ou toustée S fié par
V(R , sue. Lors de la réception, la DLE code la DLPPDU en

col ¢ nombre d'octets formant la DLPDU.
3) Lof erniére primitive indication Ph-DATA, elle compare la |ou les
val héa e fonction de la méthode de contréle de frame) du FCS c¢alculé

a zBro:

Ia DLE signale la DLPDU reconstrwte comme

ii) [sivles’ valeurs sont différentes de zéro, la DLE ignore la DLPDU regue et n'effectue
auclne action supplémentaire relative a la DLPDU regue.

4.2.2 Séquence de contréole de frame

La valeur de la variable locale V(FCM) de la DLE détermine la méthode de contréle de frame
a utiliser.

Les méthodes de contrdle de frame suivantes sont définies: "Normal", "Reduced" et "None".

4.2.2.1 Méthode de contréle de frame "Normal”

La méthode de contréle de frame "Normal" utilise deux codes de contrble de frame, FCA
et FCB. La méthode donne une "Hamming Distance" de 4 pour une taille de mot codé
de 64 bits. En d'autres termes, jusqu'a trois ("Hamming Distance"” moins un) bits d'erreur
situés de maniére aléatoire dans une fenétre de 64 bits seront détectés. Tout paquet
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d'erreurs jusqu'a 15 bits et toute erreur avec un nombre impair de bits en erreur seront
détectés.

Au niveau de la DLE émettrice, la séquence ci-dessous est appliquée:

a) Avant de transmettre le premier octet de l|la DLPDU, remettre a zéro les deux
variables FCA et FCB.

b) Pour chaque octet de la DLPDU a envoyer, effectuer un OR exclusif de la valeur de I'octet
a envoyer a la valeur de FCA, puis stocker le résultat dans FCA. Effectuer un OR exclusif
de l'octet a envoyer a la valeur de FCB, tourner le résultat d'un bit a gauche, puis stocker
le résultat final dans FCB. Cette opération est effectuée dans l'ordre dans lequel les

octets_sont nn\/nyn'c

c) Lonsque le dernier octet de la DLPDU a été envoyé, envoyer la valeur de RCA; effectuer
un [OR exclusif de la valeur de FCA a la valeur de FCB, 5 i'un bit
a gauche, puis stocker le résultat final dans FCB.

d) Lonsque la valeur de FCA a été envoyée, envoyer la valeur ds

Au niveéau de la DLE destinataire, la séquence ci-dessous es

e) Avant de recevoir le premier octet de la DLPDU, remet A 78 s\delx variablgs FCA
et FCB.

f) Polir chaque octet de la DLPDU recgue, effectue de la valeur defl'octet
reg ala valeur de FCA, puis stocker le regultat-daps . Lsif de

a gauche, puis stogker le
réspltat final dans FCB. Cette opé ati dans l'ordre dans leqpel les

octpts sont recgus.

a) rmal a
h) rmal a
4.2.2

La méthode de cont ili 0 ,FC. La
méthode donne yhe i Distance" de 2 pour la DLPDU entiére, ce qui signifie que

n'importe quel bit\d' \ : 3, ' i j 'a 8 bits

a) Avant de tra

b) Podrr chaque octet de la DLPDU a envoyer, ajouter la valeur de l'octet a envoypr ala
valeurde FC, sans transport, puis stocker le résultat dans FC.

nsmettre le premier octet de la DLPDU, remettre la variable FC a zéro.

c) Lorsque le dernier octet de la DLPDU a été envoyé, envoyer le complément de 2 de la
valeur de FC.

Au niveau de la DLE destinataire, la séquence ci-dessous est appliquée:

d) Avant de recevoir le premier octet de la DLPDU, remettre la variable FC a zéro.

e) Pour chaque octet de la DLPDU recue, ajouter la valeur de I'octet regu a la valeur de FC
sans transport, puis stocker le résultat dans FC.

f) Lorsque le FCS a été recu et que le calcul de contréle de frame normal a été effectué,
vérifier que la valeur de FC est égale a zéro.
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4.2.2.3 Méthode de controle de frame "None"

La méthode de contréle de frame "None" n'utilise aucun contréle de frame. Cette méthode
n'est utilisée que pour les réseaux IP. Dans ce cas, la DLPDU est une donnée dans un frame
du réseau IP et le réseau IP définit le contrdle de frame.

4.2.3 Structure DLPDU commune, codage et éléments de procédure

Chaque DLPDU est composée d'un champ Type 4-route, d'un champ Control-status, d'un
champ Data-field-format et pour la plupart des DLPDU d'un champ Data. Un champ FCS (voir
4.2.2), utilisé pour contréler l'intégrité de la DLPDU recue, peut étre ajouté avant la
transmission et supprimé apres la réception.

4.2.3.1 Champ Type 4-route

t-route
ments.

le premier champ dans chaque DLPDU est un champ Type 4-routg.
contient une Type 4-route et est composé de 2 a 30 octets, appelé

Chaquge Type 4-route-element est un octet contenant un DL-gbute<e ; its ou une
Remaining-route-length et un indicateur de source/destination d it. champ
Type 4froute différents sont définis: "Simple", "Extended", ] » P". Le

format| du champ Type 4-route est indiqué par —a 2que d indicateurs de
sourcefdestination.

L'indicateur de source/destination est sjtué phy G ' it 8de I' . de "0"
correspond "Destination" et une vale S s

4.2.3.1.1 Format de Type 4-route

Les cHamps de Type 4-route au for Simp gomposés d'un Type 4-route-element
destination suivi d'un Typ¢€ 4- me illustré a la Figure 8.
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Figure 8 — Format de Type 4-route Simple

L'adresse Destination identifie la DLE de réception de la DLPDU. L'adresse Source identifie
la DLE émettrice.

Les routes au format Simple sont utilisées lors de I'envoi de DLPDU Confirmed ou
Unconfirmed contenant des demandes aux DLE de classe Simple. La DLPDU est de type
Unconfirmed si I'adresse Destination est égale a la Broadcast-Node-Address (BNA).

4.2.3.1.2 Format de Type 4-route Extended

Les champs de Type 4-route au format Extended sont composés de deux Type 4-route-
elements destination suivis de deux Type 4-route-elements source, comme illustré a la
Figure 9.
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0 Destination address

0 Destination address

1 Source address

1 Source address
Légende

Anclaie l:rnnt;aie
Dlestination address Adresse de destination (
N
Spurce address Adresse source /\< (\
Figure 9 — Format de Type 4-route Extended \>

La prgmiere adresse Destination identifie la DLE de réc
adressge Destination est utilisée par le DLS-user La premi
émettrice. La seconde adresse Source est utilisée par le

Les rqutes au format Extended sont utilisée

DANPD a s¢conde

identifie

LPDU Confirm

Unconfirmed contenant des demandes : al. LaDLPDU e
confirmée si la valeur de la premiére S e a la BNA

4.2.3.1.3 Format de Type 4-route

Les chiamps Type 4-route nt composés de plus de 2 éléments T
route-glements cibles suiyi i S ype 4-route-elements sources,

illustréla la Figure 10.

9,

0 V%tination address

a DLE
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comme

0 Remaining-route-length

1 Source address

1 Source address
Légende
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Destination address Adresse de destination
Source address Adresse source
Remaining-route-length Longueur de route restante

Figure 10 — Format Type 4-route Complex

La premiére adresse Destination identifie la DLE de réception de la DLPDU. Les adresses
Destination restantes sont utilisées par le DLS-user. Le troisieme Type 4-route-element
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