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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-8: Data-link layer protocol specification —
Type 8 elements

FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh-copnprising
all national electrotechnical committees (IEC National Committees). The object of IEC |is” to [promote
interpational co-operation on all questions concerning standardization in the electrical and électronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specif|cations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ,feferred to ps “IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International,~’governmental apd non-
govgrnmental organizations liaising with the IEC also participate in this preparation. IEC collaborateg closely
with |the International Organization for Standardization (ISO) in accordance“with conditions deternjined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express,‘as’nearly as possible, an intefnational
conslensus of opinion on the relevant subjects since each technical'committee has representation [from all
interpsted IEC National Committees.

3) IEC |Publications have the form of recommendations for intern@tional use and are accepted by IEC National
Compmittees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publ|cations is accurate, IEC cannot be held responsibleNfor the way in which they are used or|for any
misipterpretation by any end user.

4) In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Pubjications
trangparently to the maximum extent possible inxtheir national and regional publications. Any dijergence
between any IEC Publication and the corresponding national or regional publication shall be clearly ind|cated in
the latter.

5) IEC |provides no marking procedure to indicate its approval and cannot be rendered responsible|for any
equipment declared to be in conformity with)an IEC Publication.

6) All upers should ensure that they have'the latest edition of this publication.

7) No liability shall attach to IEC orits-directors, employees, servants or agents including individual expgrts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
othef damage of any naturé\whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expgnses arising out of-the* publication, use of, or reliance upon, this IEC Publication or any other IEC
Publ|cations.

8) Attention is drawn té.the Normative references cited in this publication. Use of the referenced publications is
indispensable fortheé“correct application of this publication.

NOTE [se of some of the associated protocol types is restricted by their intellectual-property-right holdefs. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a partictilar data-link layer protocol type to be used with physical layer and application layer protocols|in Type
combingtiens” as specified explicitly in the IEC 61784 series. Use of the various protocol types |n other
combinatt i TSST f Ve T -

IEC draws attention to the fact that it is claimed that compliance with this standard may involve the use of patents
as follows, where the [xx] notation indicates the holder of the patent right:

Type 8 and possibly other Types:
DE 41 00 629 C1 [PxC] Steuer- und Datenlbertragungsanlage
IEC takes no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured IEC that they are willing to negotiate licences under reasonable
and non-discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of
the holders of these patent rights are registered with IEC. Information may be obtained from:

[PxC]:  Phoenix Contact GmbH & Co. KG
Referat Patente / Patent Department
Postfach 1341
D-32819 Blomberg
Germany

Attention is drawn to the possibility that some of the elements of this standard may be the subject of patent rights
other than those identified above. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 61158-4-8 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-4 subseries cancel and replace
IEC 61158-4:2003. This edition of this part constitutes an editorial revision.

This edition of IEC 61158-4 includes the following significant changes from the previous
edition:

a) deletion of the former Type 6 fieldbus, and the placeholder for a Type 5 fieldbus data link
layer, for lack of market relevance;

b) addition of new types of fieldbuses;

c) divfsion of this part into multiple parts numbered -4-1, -4-2, ..., -4-19.

This bilingual version (2013-02) corresponds to the monolingual English versionpublighed in
2007-12.

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

FDIS Report on voting
65C/474/FDIS 65C/485/RVD

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

The French version of this standard has not been vaoted upon.
This pdiblication has been drafted in accordanc€awith ISO/IEC Directives, Part 2.

The cgmmittee has decided that the contents of this publication will remain unchangegd until
the mdintenance result date indicated en*the IEC web site under http://webstore.iec.ch in the
data rglated to the specific publication. At this date, the publication will be:

* recpnfirmed;

* withdrawn;

* replaced by a revised.edition, or

+ ampnded.

NOTE [The revision of this Standard will be synchronized with the other parts of the IEC 61158 series.

The list of alk‘the parts of the IEC 61158 series, under the general title Industrial
commdynicationnetworks — Fieldbus specifications, can be found on the IEC web site.
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INTRODUCTION

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

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 open systems envirohment;
d) as p refinement to the understanding of time-critical communications within OSI.

This standard is concerned, in particular, with the communication and,interworking of sensors,
effectors and other automation devices. By using this standard together with other stapdards
positioned within the OSI or fieldbus reference models, otherwise jncompatible systems may
work tggether in any combination.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-8: Data-link layer protocol specification —
Type 8 elements

1 Scope

1.1 G

The d4

an aut

This p
data a
slave

eneral

bmation environment.

evices interconnected in a loop (ring) topology. The exchange of input/output

totally synchronous by configuration, and is unaffected by the messaging traffic.

Devicegs are addressed implicitly by their position on the)loop. The determination
numbefr, identity and characteristics of each device can<be configured, or can be dg¢tected
automatically at start-up.

1.2 S

pbecifications

This standard specifies

ta-link layer provides basic time-critical messaging communications between de\ices in

rotocol provides a highly-optimized means of interchanging fixed-length inputfoutput
hd variable-length segmented messages between a single master device and a set of

data is

of the

a) procedures for the timely transfer of.@ata and control information from one data-link user

ent

ty to a peer user entity, and among the data-link entities forming the distribute

linK service provider;

b) the
by

13 P
The pr

a) the
DL

b) the
thr

interactions between peer DL-entities (DLEs) through the exchange of fi
PDUs;

interactions between a DL-service (DLS) provider and a DLS-user in the same
bugh’the exchange of DLS primitives;

1 data-

structure of the fieldbus:DLPDUs used for the transfer of data and control information
he protocol of this standard, and their representation as physical interface data uUnits.
rocedures

bcedures are,defined in terms of

eldbus

system

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

1.4 Applicability

These procedures are applicable to instances of communication between systems which
support time-critical communications services within the data-link layer of the OSI or fieldbus

reference models,

interco

Profiles provide a simple multi-attribute means of summarizing an

capabi

nnection environment.

lities, and thus its applicability to various time-critical communications needs.

and which require the ability to interconnect in an open systems

implementation’s
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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.

2 Normative references

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

IEC 61|158-2 (Ed.4.0), Industrial communication networks — Fieldbus specification§™s Part 2:
Physicgl layer specification and service definition

IEC 61|158-3-8, Digital data communications for measurement and control ->Fieldbus for use
in indufstrial control systems — Part 3-8: Data link service definition — Type® elements

ISO/IE[C 7498-1, Information technology — Open Systems Interconhection — Basic Reference
Model| The Basic Model

ISO/IE[C 7498-3, Information technology — Open Systems Interconnection — Basic Reference
Model{Naming and addressing

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

3 Tenms, definitions, symbols and abbreviations

For thg purposes of this standard, the\following terms, definitions, symbols and abbreViations
apply.

3.1 Rpference model terms'and definitions

This sfandard is based-in~part on the concepts developed in ISO/IEC 7498-1 and I$O/IEC
7498-3, and makes ugeof the following terms defined therein.

3.1.1 PL-address [74198-3]
3.1.2 pL-address-mapping [74[98-1]
3.1.3 pPL<connection [74[98-1]
3.1.4 DL-connection-end-point [7498-1]
3.1.5 DL-connection-end-point-identifier [7498-1]
3.1.6 DL-data-source [7498-1]
3.1.7 DL-name [7498-3]
3.1.8 DL-protocol [7498-1]
3.1.9 DL-protocol-connection-identifier [7498-1]
3.1.10 DL-protocol-control-information [7498-1]
3.1.11 DL-protocol-data-unit [7498-1]
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3.1
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13
14
.15
.16
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.18
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.21

.22

.23
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.26
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DL-service-connection-identifier [7498-1]
DL-service-data-unit [7498-1]
DL-user-data [7498-1]
layer-management [7498-1]
(N)-entity [7498-1]
DL-entity
Ph-entity

ee-data-unit F498-1]
DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)
(N)-layer [74[98-1]
DL-layer (N=2)
Ph-layer (N=1)
(N)-service [7498-1]
DL-service (N=2)
Ph-service (N=1)
(N)-service-access-point [7498-1]
DL-service-access-point (N=2)
Ph-service-access-point (N=1)
(N)-service-access-point-address [7498-1]
DL-service-access-point-address (N=2)
Ph-service-access-point-address . (N=1)
Ph-interface-control-information [74[98-1]
Ph-interface-data [7498-1]
primitive name [7498-3]
reset [74[98-1]
systems-management [7498-1]

brvice-cohvention terms and definitions

andard also makes use of the following terms defined in ISO/IEC 10731 as they

apply

3.2.1 confirm (primitive);

requestor.deliver (primitive)

3.2.2 DL-service-primitive;

primitive

3.2.3 DL-service-provider

3.2.4 DL-service-user

3.2.5 indication (primitive)

acceptor.deliver (primitive)
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3.2.6

3.2.7

request (primitive);
requestor.submit (primitive)

response (primitive);
acceptor.submit (primitive)

3.3 Common terms and definitions

NOTE This subclause contains the common terms and definitions used by Type 8.

3.3.1

link, local link
single DL-subnetwork in which any of the connected DLEs may communicate directly, without

any in = ; stance
of communication are simultaneously attentive to the DL-subnetwork during the period(s) of
attempted communication
3.3.2
DLSAPFR
distinctive point at which DL-services are provided by a single DL-entity to a single higher-
layer entity.
NOTE [This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of th¢ critical
distinctipn between DLSAPs and their DL-addresses. (See Figure 1.)
DLS-user-entity DLS-user-entity
DLS-users
DLSAP
Vs
2,7 DLSAP- N
L/, N\ - hY
DLEAP- address group DL DLSAP-
addilesses address address
DL-layer
Ph-layer
NOTE 1 DLSAPs and PhSAPs are depicted as ovals spanning the boundary between two adjacent layers.

NOTE 2 DL-addresses are depicted as designating small gaps (points of access) in the DLL portion of a DLSAP.

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

single D

LSAP.

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

3.3.3
DL(SA

P)-address

either an individual DLSAP-address, designating a single DLSAP of a single DLS-user, or a
group DL-address potentially designating multiple DLSAPs, each of a single DLS-user
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NOTE This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-address to
designate more than a single DLSAP at a single DLS-user.

3.3.4

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

single

interve

ning DL-relay entities

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

3.3.5

frame

denigrl}ted synonym for DLPDU

3.3.6
receiv
DL-ser

NOTE

3.3.7
sendirn
DL-ser

34 A
3.4.1

PhL en

3.4.2

slave d

3.4.3

two oc

3.4.4

transa
sent to

ng DLS-user
vice user that acts as a recipient of DL-user-data

A DL-service user can be concurrently both a sending and receiving DLS-usekr,

g DLS-user
vice user that acts as a source of DL-user-data

fditional Type 8 definitions
bus coupler

tity which includes or excludes Ph-segments into or from the network

device

r master

device code

ets which characterize the properties of a slave

DLPDU cycle

ttion initidted from the master in which user data or identification/status informa
all slaves' and — within the same cycle - received from all slaves

3.4.5

N'data

data received by the master and sent by the slaves

3.4.6 master

tion is

DL-entity controlling the data transfer on the network and initiating the media access of the

slaves

by starting the DLPDU cycle

3.4.7 OUT data

data sent by the master and received by the slaves

3.4.8 parameter channel

acyclic

transmission path using a client/server communication model
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3.4.9 process data channel

conveyance path allowing a very efficient, high-speed and cyclic transmission of process-
relevant data, between slaves and master

3.4.10 receive update memory

memory area containing the data, which was received from the network

3.4.11 ring segment

group of slaves in consecutive order

3.4.12| ring segment level

nesting level number of a ring segment

3.4.13]| slave

DL-enfity accessing the medium only after being initiated by the preeeding slave or masjter

3.4.14| transmit update memory

memory area containing the data to be sent across the network

3.4.15| update time

time which passes between two consecutive startssof DLPDU cycles used for data transffer

3.5 Symbols and abbreviations

3.5.1 [lype 8 reference model terms

BLL basic link layer

BLLSDOU BLL sservice data unit
BLL_T|SDU BLL transmit service data unit
BLL_RSDU BLL receive service data unit
MACSpU MAC service data unit

PDL peripherals data link
PDLSDU PDL service data unit

PhMS Ph-management service
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add_wait See Table 15
BLL_access_control See Table 31
bus_timeout See Table 31
Ccerr See Table 22
Cconf See Table 22
Ccycle See Table 22
Creq_retry See Table22
Cswa See Tabte 22
configluration_valid See Table 31
Ioopbrck_word (LBW) See Table 41
max_dlsdu_size_from_req See Table 15
max_dIlsdu_size_from_res See Table 15
max_rpceiving_queue_depth See Table 15
max_sending_queue_depth See Table 15
max_spa_retry See Table 15
max_swa_count See Table 15
start_bus_cycle See Table 15
time_tjmeout See Table 41
triggef_mode See Table 15
update_time See Table 31
3.5.3 PLPDU classes

DATA data See Table 20
FCB_SET frame count bit See Table 20
IDL idle See Table 20
RWA read word again See Table 20
SPA send parameter with acknowledge See Table 20
SVA send value with acknowledge See Table 20
SWA send word again See Table 20

3.5.4 Miscellaneous
AT
BAC

application triggered

basic access control
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co confirmation

CRC cyclic redundancy check

DL-Ph Data Link-Physical (interface)
DLI DL-interface

DSAP destination service access point
FCB frame count bit

FCT function

FMS fieldbus message specification
GSM get shared memory

IN input

L_status link status

LBW loopback word

Isb least significant bit

M, (m) mandatory

msb most significant bit

NT network triggered

0, (o) optional

ouT output

PDL peripherals data Link

PM protocol machine

PNM1 peripherals network management of Layer 1
PNM2 peripherals network management of Layer 2
PSM put shared memory

RUM receive update memory

S selection

SM state machine

TUM transmit update memory

4 DL-protocol

4.1 Overview

The DLL is modelled as a Four-Level model (see Figure 2).
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DLS-user DLMS-user
>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1

Figure 2 — Data Link Layer Entity

4.2 D|-service Interface (DLI)
4.2.1 General

The Data Link service Interface (DLI) provides service primitives to the DLS-user and PLMS-
user (gee Figure 3).

DLS-user DLMS-user
-
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PR PNMA

Figure 3 — Location of the DLI in the DLL

The DLI translates and issues thelprimitives received from the DLS-/DLMS-user to the local
PDL apd PNM2 interface. It also-translates and issues the primitives received from the local
PDL of PNM2 interface and delivers it to the DLS-/DLMS-user.

The DUI protocol has only a single state called “ACTIVE”.

4.2.2 Primitive definitions
4.2.2.1 General

Table |.and Table 2 show the primitives exchanged between DLS-/DLMS-user and DLI.
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4.2.2.2 Primitives exchanged between DLS-/DLMS-user and DLI

Table 1 — Primitives issued by DLS-/DLMS-user to DLI

Primitive name Source | Associated parameters Functions
DL-PUT request DLS- Buffer DL-identifier, Requests the DLE to write a
user DLS-user-data DLSDU into the transmit buffer
DL-GET request DLS- Buffer DL-identifier Requests the DLE to read a
user DLSDU from the receive buffer
DL-DATA request DLS- DLCEP DL-identifier, Requests the DLE to write a
user DLS-user-data DLSDU into the send queue
DLM-REpETTEUUESt BtS= ~ToTre~=) Requeststhe BtEtoexgcute a
user reset.
DLM-SEJ-VALUE request DLMS- |Variable-name, Requests the DLE\to ovgrwrite a
user Desired-value local variable
DLM-GET-VALUE request DLMS- |Variable-name This Primitive’is issued tp
user request the’DLL to read the
content-6f'a local variable
DLM-GET-CURRENT-CONFIGURATION request |[DLMS- |[Desired-configuration Requests the DLE to reafd out
user th'e current configuration|of the
DL-subnetwork.
DLM-GET-ACTIVE-CONFIGURATION request DLMS- |(<none>) Requests the DLE to reafd out
user the active configuration ¢f the
DL-subnetwork
DLM-SE[_ACTIVE_CONFIGURATION request DLMS- |Active-configuration Requests the DLE to exdcute a
user certain active configuratipn of
the DL-subnetwork
Table 2 — Primitives issued by DLI to DLS-/DLMS-user
Primitive name Source Associated parameters
DL-PUT confirm DLI Status
DL-GET confirm DLI Status,
DLS-user-data
DL-BUFFER-RECEIVED. indication DLI Status
DL-DATA confifm DLI Status
DL-DATA indication DLI DLCEP DL-identifier,
DLS-user-data
DLM=RESET confirm DLI Status
DEM-EVENT indication DLI Event-identifier,
Additional-information
DLM-SET-VALUE confirm DLI Status
DLM-GET-VALUE confirm DLI Status,
Additional-information
DLM-GET-CURRENT-CONFIGURATION confirm |DLI Status,
Additional-information
DLM-GET-ACTIVE-CONFIGURATION confirm DLI Status,
Additional-information
DLM-SET-ACTIVE-CONFIGURATION confirm DLI Status,
Additional-information
4.2.2.3 Parameters of DLS-/DLMS-User and DLI primitives
All parameters used in the primitives exchanged between the DLS-/DLMS-user and the DLI

are specified in IEC 61158-3-8.
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4.2.3 DLI State Tables
4.2.3.1 General

Figure 4 show a state transition diagram of the DLI.

. All transactions

Figure 4 — State transition diagram of DLI

The transitions of the DLI protocol are specified in Table 3 and Table 4. Service pfimitive

names|are mixed-case with underscores (“_") replacing dashes (“-“), and with a-dot-separated
suffix indicating the underlying type of primitive: request, confirm or indication.

Table 3 — DLI state table — sender transactions

# Current state Event . Next state
Action

S1 ACTIVE DL_Put.request ACTIVE

PSM.request{
offset := GetOffset(Buffer DL-identifier)

length := “length of DLS-user-data”
data := DLS-user-data}
S2 ACTIVE DL_Get.request ACTIVE

GSM.request{
offset := GetOffset(Buffer DL-identifier)
length := GetLength(Buffer DL-identifier) }

s3 ACTIVE DL_Data.reque$tf ACTIE

PDL_Data_Ack.request{
rem_add := GetRemAdd (DLCEP DL-identifier)
DLSDU := DLS-user-data }

S4 ACTIVE BLM _Reset.request ACTIVE

PNM2_Reset.request{ }
S5 ACTIVE DLM_Set_Value.request ACTIVE

PNM2_Set_Value.request {
variable_name := Variable-name,
desired_value := Desired-value }

S6 ACTINLE. DLM _Get \/alllnlrnqllaof ACTINE

PNM2_Get_Value.request{
variable_name := Variable-name }

S7 ACTIVE DLM_Get_Current_Configuration.request ACTIVE

PNM2_Get_Current_Configuration.request{
network_configuration := Desired Configuration }

S8 ACTIVE DLM_Get_Active_Configuration.request ACTIVE

PNM2_Get_Active_Configuration.request{ }
S9 ACTIVE DLM_Set_Active_Configuration.request ACTIVE

PNM2_Set_Active_Configuration.request{
active_configuration := Active-configuration }
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Table 4 — DLI state table — receiver transactions

Current state

Event
Action

Next state

R1

ACTIVE

PSM.confirm

DL_Put.confirm{
Status := status }

ACTIVE

R2

ACTIVE

GSM.confirm

DL_Get.confirm{

Status := status,
DLS ucar.data = data }

ACTIVE

R3

ACTIVE

Buffer_Received.indication

DL_Buffer_Received.indication{
Status := status }

ACTIVE

R4

ACTIVE

PDL_Data_Ack.confirm

DL_Data.confirm{
Status := L_status }

ACTIVE

R5

ACTIVE

PDL_Data_Ack.indication

DL_Data.indication{
DLCEP DL-identifier
:= GetDIsUserld(logal_‘*add),
DLS-user-data := DLSDU }

ACTIVE

R6

ACTIVE

PNM2_Reset.confirm

DLM_Reset.confirm{
Status := M_status }

ACTIVE

R7

ACTIVE

PNM2_Event.indication

DLM_Event.indication {
Event-identifier := event,
Additiopalrinformation := add_info }

ACTIVE

R8

ACTIVE

PNM2_Set_Malue.confirm

DLM_'Set_Value.confirm {
Status := M_status}

ACTIVE

R9

ACTIVE

PNM2_Get_Value.confirm

DLM_Get_Value.confirm{
Status := M_status
Current-Value := current_value }

ACTIVE

R10

ACTIVE

PNM2_Get_Current_Configuration.confirm

DLM_Get_Current_Configuration.confirm{
Status := status,

ACTIVE

current-configuration := current_configuration j

R11

ACTIVE

PNM2_Get_Active_Configuration.confirm

DLM_Get_Active_Configuration.confirm{
Status := status,
Active-configuration := active_configuration }

ACTIVE

R12

ACTIVE

PNM2_Set_Active_Configuration.confirm

DLM_Set_Active_Configuration.confirm{
Status := status,
Additional-information := add_info }

ACTIVE
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4.2.3.2 Functions used by DLI
The functions used by DLI are given in Table 5 to Table 8. The details of these functions is

not specified by of this standard. These functions use information which was stored by the
local DL-management when establishing the DLCs.

Table 5 — Function GetOffset

Name GetOffset Used in DLI

Input Buffer DL-identifier Output Offset address

Function |Returns a value that can unambiguously identify the offset address from the transmit buffer

Table 6 — Function GetLength

Nan]e GetlLength Used in DLI

Inp+t Buffer DL-identifier Output Length of data

Funcilion Returns the size of the DLSDU which can be held by the buffer named,by*Buffer DL-identifief.

Table 7 — Function GetRemAdd

Nanle GetRemAdd Used in DLI

Inp+t DLCEP DL-identifier Output Remote address

Funcilion Returns a value that can unambiguously identify.the remote address from the remote device

Table 8 — Function GetDIsUserld

Nan]e GetDIsUserld Used in DLI
t

Inp Local address Output DLCEP DL-identifier

Funcilion Returns a value that can.dnambiguously identify the DLCEP DL-identifier from the DLS user

4.3 Peripherals data link:(PDL)
4.3.1 Location of the-PDL in the DLL

The Pgripherals-Pata Link (PDL) is part of the Data Link Layer and uses the Basic Link|Layer.
Figure |5 shows-its location.

DLS-user DLMS-user
S —
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1

Figure 5 — Location of the PDL in the DLL
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By means of the PDL layer each slave can establish a communication link with the master
(see Figure 6).

4.3.2

The PI

NOTE
messag
data to i

The PI

Master

Slave Slave

Prd

Co
ver

Co
the

Img
Co

Up
PD

Ge
PD

Img
me

PD
PD
TR
RE

Figure 6 — PDL connection between slave and master

Functionality of the PDL
DL performs the following tasks.

cessing of PDL_Data_Ack service

5a

nversion of several DLSDUs of the PDL_Data_Ack.request primitives into a PDL
BLL_Data.request primitive

lementation of two trigger_modes within the PDL\(bus master only)
ntrol of the local PDL protocol machine(s)

jate of the receive update memory and starting of the PDL protocol machines
| SDU which was received from the BLLchas been accepted

neration of a PDLSDU from the transmit update memory as well as by means
| protocol machines and transfer @fcthis PDLSDU to be sent to the BLL

lementation of a direct access(for PDL-user to the PDL receive and transmit
mory.

A PDLSDU of the master contains all cyclic data via PSM service to be transmitted in a data cycle
e segments. The PDLSDU of\a’/slave is a subset of the PDLSDU of the master and contains only t
e transmitted in one data cycle and the PDL message segment of this slave.

DL translates these/functions by means of the four following protocol machines.

| base protecol machine
| protogGlymachine
ANSMHK protocol machine

CE(VE protocol machine.

nversion of the non-cyclic PDL_Data_Ack service to cyclic, BLE Data services apd vice

5DU of

after a

of the

update

hnd PDL
e cyclic

4.3.3 DLI-PDL interface

4.3.3.1 General

The PDL provides service primitives for the PDL-user (see Figure 7).
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DLS-user DLMS-user
o>
DLI

Layer 2 PDL
DLL

BLL PNM2

MAC
Layer 1 PhL PNM1

Figure 7 — Interface between PDL-user (DLI) and PDL in the layer model
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with tll\teir service primitives and their associated parameters. These PDL (sefvic

manda

ory.

4.3.3.2 Overview of the services

4.3.3.2.1 Available services

The fol:owing service for data transfer shall be available to the PDL-user:

— Se

Furthe

d Parameter with Acknowledge (PDL_Data_Ack).

'more, the PDL-user can use the following services to directly access the

memoryy.

— Puf Shared Memory (PSM)

— Ge

Figure

escribes the data transmission services which are available to the PDL-user,)tqgether

PS are

update

Shared Memory (GSM).
8 shows an overview of the services of the PDL.
PDL Data Ack PSM-~ GSM PDL_Data_Ack PSM GSM
PDL PDL PDL
PhL PhL PhL
[ |
Master Slave Slave

Figure 8 — Overview of the PDL services

4.3.3.2.2 Send parameter with acknowledge (PDL_Data_Ack)

This service allows a local PDL-user to send user data (DLSDU) to a single remote PDL-user.
The remote PDL transfers the DLSDU to its PDL-user, provided that the DLSDU was received
without errors. The local PDL-user receives a confirmation on the receipt or non-receipt of the
DLSDU of the remote PDL.

The PDL_Data_Ack service shall only be used to transfer data from a queue.


https://iecnorm.com/api/?name=39834f00824e0c1498fd3aaaaa987e88

61158-4-8 © IEC:2007 - 25—

Service primitives:

— PDL_Data_Ack.request
— PDL_Data_Ack.indication
— PDL_Data_Ack.confirm

4.3.3.2.3 Put shared memory (PSM)

This service allows a PDL-user to write data of a certain length into the transmit update
memory. The BLL shall transmit this data in the next bus cycle.

Service-primitives:

— PSM.request
— PSM.confirm

4.3.3.2.4 Get shared memory (GSM)

This sprvice allows a PDL-user to read data of a certain length from the receive update
memotly.

icg primitives:

.request

.confirm
4.3.3.2.5 Buffer received (Buffer_Received)
The PIDL uses this service to indicates the localNPDL-user, that the contents of

Tr
Re¢eive Update Memory is updated with new received data.

nsmit Update Memory is transmitted, and the contents of

Servicg primitive:
Buffer_Received.indication
4.3.3.3 Overview of the\interactions

rvices are provided by several service primitives (beginning with PDL_...). In order to
request a service) the PDL-user uses a request primitive. A confirmation primitive is rgturned
to the |PDL-usger after the service has been completed. The arrival of a service reqpest is

Figurel9 gure 10, Figure and Figure how itlives to

handle the data transfer between maste and slave:
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Slave

PDL_Data_Ack.req
(LPDU)
(LSDU) PDL_Data_Ack.ind .
PDL_Data_Ack.con (LSDU)
(LPDU)
PDL_Data_Ack.req
] (LPDU)
PDL_Data_Ack.ind (LSDU)
(LSDU) PDL_Data_Ack.con
(LPDU)

Figure 9 — PDL_Data_Ack service between master and only_one slave

Master

DLL
PDL_Data_Ack.req

PDL_Data_Ack.req

PDL_Data_Ack.req

PDL_Data_Ack.con
&

S
PDL_Data_Ack.con

PDL_Data_Ack.con

Figure 10 — Parallel processing of PDL_Data_Ack services

PDI_user

Slave 3
Slave 2 DLL
DLL
Slave 1
DLL
| 1 S
|
— | j\PE L_Data_Ack.ind
ﬁ L_Data_Ack.ind
3; AN F
7
PDQ}_Data] Ack.ind

PDL

PSM/GSM.req

PSM/GSM.con

N
L

~

A

Figure 11 — PSM and GSM service for buffer access
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Figure 12 — Buffer_Received service to indicate successful data transfer

PDL user PDL

Buffer_Received.ind

4.3.3.4 Formal description of the services and parameters

4.3.3.J.1 PDL_Data_Ack Service

Table 9 shows the parameters of the PDL_Data_Ack service.

Table 9 — PDL_Data_Ack

Parameter name Request Indication Confirm
Argument M M
rem_add M
local_add M
DLSDU M M(=)
Result M
rem_add M
L_status M
rem_afd:

The r¢m_add parameter defines the PDL\ address of the remote device. The re

corresponds to the physical position of the“device in the ring.

local_add:

The lofal_add parameter conveys the PDL address of the device where the PDL_Da

servicg was invoked.

DLSDU:

The DULSDU parametercontains the PDL-user data to be transmitted.

L_status:
The |L_status

PDL_Data Ack.request. The following values are defined for this parameter in Table 10}

parameter indicates the success or

failure

the

m_add

ta_Ack

ceding

Table 10 — PDL_Data_Ack L_status values

Value Meaning
OK Positive acknowledgement, service executed successfully
RR Negative acknowledgement, resources of the remote PDL not available or insufficient
LR Resources of the local PDL not available or insufficient
NA No or not a plausible response (acknowledge response) from the remote device
DS PDL layer not synchronized at the moment
v Invalid parameter in the request call
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4.3.3.4.2 PSM service

Table 11 shows the parameters of the PSM service.

Table 11 - PSM

Parameter name Request Confirm

Argument
offset
length
data

=2

Result(+)

Result(-)
error_type

=n

offset]

This pprameter specifies the offset address, beginning from the startraddress of the PDL
transmfit update memory, where the data should be written.

length:

This pjarameter specifies the amount of the data, which should be written into the PDL
transmfit update memory of layer 2.

data:

This pjprameter conveys the data, which should:\be written into the PDL transmit ppdate
memoly of the layer 2.

error_type:
This parameter indicates the reason, why the service could not be executed successfully.

Possibje errors are:

v Invalid parameters. in the request call
Data to write-into the transmit update memory are not allowed, because thg given
parameter(s)-of offset and/or length is/are invalid.

4.3.3.4.3 GSM-service

Table 12{shows the parameters of the GSM service.

Table 12 - GSM

Parameter name Request Confirm

Argument M

offset M

length M
Result(+) S

data M
Result(-) S

error_type M
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offset:

This parameter specifies the offset address, beginning from the start address of the PDL
receive update memory, from where the data should be read.

length

This parameter specifies the amount of the data, which should be read from the PDL receive
update memory.

data:

This parameter conveys the data, which was read from the PDL receive update memory.

error_

This p
Possib]

v

fype:

brameter indicates the reason, why the service could not be executed' succe
€ error sources:

Invalid parameters in the request call
Data to be read from the receive update memory are not allowed, becau
given parameter(s) of offset and/or length is/are invalid.

4.3.3.

The log
primiti
to the
PDL_DO

4.3.3.j Detailed description of the interactions

.1 Send parameter with acknowledge (PDL ¢(Data_Ack)

ata_Ack.confirm primitive, which indicates a correct or incorrect data transfer.

Before

the local PDL sends a confirmation to its user, a confirmation from the remote

5sfully.

e the

cal PDL-user prepares a DLSDU which dsotransmitted by a PDL_Data_Ack.request
e to the local PDL. The PDL accepts thisrservice request and tries to send the DLSDU
requested remote PDL. The local PDL\sends a confirmation to its PDL-user with the

PDL is
e local

PDL rdtries to send the DLSDU.16_the remote PDL. If the confirmation does not come after the

Nth re

If the ¢
PDL_O

The cd
PDL-u

manda{ory. If this confirmation is.not'received within the timeout period Tto spa_ack, th

etition (max_retry_count), then the local PDL sends a negative confirmation to it

ata message was-received without errors, the remote PDL transfers the DLSDU
ata_Ack.indication primitive through the PDL-user interface.

ding of the~DLSDU is described in 4.3.5.3. Figure 13 shows the data flow bg
ser, PDL.and BLL for a PDL_Data_Ack service:

5 user.

with a

btween
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PDL-user

PDL_Data_Ack.con (LSDU)

PDL_Data_Ack.req (LSDU)J/ PDL_Data_Ack.ind (LSDU)

PDL
BLL_Data.req (PDLSDU) BLL_Data.con (PDLSDU)
(Master only) (Master only)
BLL_Data.res (PDLSDU) BLL_Data.ind (PDLSDU)
(Slave only) (Slave only)

BLL

Figure 13 — Data flow between PDL-user, PDL and BLL of a PDL_DataxAck service

4.3.3.9.2 Put shared memory (PSM)

The PII
servicq
commu
PSM.c

DL-user uses this service to write user data directly to the tfansmit update memo

is locally processed after the PSM.request primitive has arrived. The
nicates the successful processing of the service to its PDL-user by mean
bnfirm primitive (immediate confirmation).

4.3.3.9.3 Get shared memory (GSM)

The P
memof
PDL c
GSM.c

4.3.4
4.3.41

This s
the PN

The P
PDL reg
errorr
model.

DL-user uses this service to read user_data directly from the PDL receive

y. The service is locally processed after’the GSM.request primitive has arrive
bmmunicates the successful processing of the service to the PDL-user by mea
onfirm primitive (immediate confirmation).

PDL-PNM2 interface
General

ibclause defines the_administrative PDL management services which are avail
M2, together with-tReir service primitives and the associated parameters.

DL management is a part of the PDL that provides the management functions
quested by-the PNM2. The PDL management handles the initialization, monitori
pcoverylin'the PDL. Figure 14 shows the interface between PDL and PNM2 in th

y. The
PDL
5 of a

update
d. The
s of a

able to

of the
ng and
e layer

DLS-user DLMS-user
>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1

Figure 14 — Interface between PDL and PNM2 in the layer model
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The service interface between PDL and PNM2 provides the following functions.

— Reset of the PDL protocol machine.
— Request and change of the current operating parameters of the PDL protocol machine.

— Indication of unexpected events, errors and status changes which occurred or are
detected in the PDL.

4.3.4.2 Overview of the services
4.3.4.2.1 Available services

The PDL makes the following services available to the PNM2:

— Reset PDL,
— Sef Value PDL or Get Value PDL,
— Event PDL.

The PIDL services are described with service primitives (beginning with RBE_...).

4.3.4.2.2 Reset PDL

The PINM2 uses this required service to reset the PDL. Upon execution, the PNM2 recgives a
confirmation.

Service primitives:

— PDL_Reset.request
— PDL_Reset.confirm

4.3.4.2.3 Set Value PDL

The PNM2 uses this optional service to set new values to the PDL variables.| Upon
completion, the PNM2 receives a confirmation from the PDL whether the defined variables are
assumgd with the new value.

Service primitives:

— PDL_Set_Value.request
— PDL_Set_Valugieonfirm

4.3.4.2.4 Get(Value PDL

The PNM2 _uses this optional service to read the actual value of the PDL variables. The
current value of the defined variable is transmitted with the confirmation from the PDL.

Service primitives:

— PDL_Get_Value.request
— PDL_Get_Value.confirm

4.3.4.2.5 Event PDL

The PDL uses this required service to inform the PNM2 about certain detected events or
errors in the PDL.

Service primitive:

— PDL_Event.indication
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4.3.4.3 Overview of the interactions

Figure 15 and Figure 16 show the time relations of the service primitives:

PDL PNM 2

PDL_XXX.req

>

PDL_XXX.con
»

»

A 4

Figure 15 — Reset, Set Value and Get Value PDL services

PDL PNM 2

PDL_Event.ind

Figure 16 — Event PDL setvice

4.3.4.] Detailed definition of the services and interactions
4.3.4.41 PDL_Reset

The PIDL_Reset service is mandatory. The PNM2 transmits a PDL_Reset.request primjtive to
reset the PDL protocol machine (see Table;13).

Table 13 — PDL_Reset

Parameter name Request Confirm

Argument M

Result(+) M

4.3.4.4.2 PDL_Set: Value

The PDL_Set*Value service is optional. The PNM2 transfers a PDL_Set Value.request
primitive to-the PDL to set a defined PDL variable with a desired value. After receipt|of this
primitiyes.the PDL tries to select the variable and to set the new value. Upon executipn, the
PDL transfers a PDL_Set_Value.confirm primitive to the PNM2 (see Table 14).

Table 14 — PDL_Set_Value

Parameter name Request Confirm
Argument M
variable_name M
desired_value M
Result(+) M

variable_name:

This parameter defines the PDL variable which is set to a new value.
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desired_value:
This parameter declares the new value for the PDL variable.

Table 15 provides information on which PDL variable may be set to which new value.

Table 15 — PDL variables

Name of PDL variable Value range Default
max_spa_retry 0,2,4,6, ... 14 14
max_swa_count 0...255 128

add_wait 1,2,3,4 4
start_bus_cycle ON, OFF OFF
trigger_mode network_triggered (NT), NT

application_triggered (AT)

malx_dlsdu_size_from_req 1 ... 256 (see note) 256
max_dlsdu_size_from_res 1 ... 256 (see note) 256
max| receiving_queue_depth 1 ... 256 (see note) 256
max_sending_queue_depth 1 ... 256 (see note) 256

NOTE Pnly for PDL_Data_Ack services and each link.

4.3.4.4.3 PDL_Get_Value

The PPL_Get_Value service is optional. The RNM2 transfers a PDL_Get Value.request
primitiYe to the PDL to read out the current valug’of a defined PDL variable. After the PDL has
received this primitive, it tries to select the defined variable and to transfer its current value to
the PN[M2 by means of a PDL_Get_Value€onfirm primitive (see Table 16).

Table’' 16 — PDL_Get_Value

Parameéter name Request Confirm
Argument M
variablecname M
Result(+) M
current_value M

variabje_name:

This pTrameter defines the PDL variable, whose value should be read.

current_value:

This parameter contains the desired value of this PDL variable.

Only those PDL variables can be read, which can also be written by the service
PDL_Set Value.request.

4.3.4.4.4 PDL_Event

The PDL_Event service is mandatory. The PDL transfers a PDL_Event.indication primitive to
the PNM2 to inform it about detected events or errors in the PDL (see Table 17).
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Table 17 — PDL_Event

Parameter name Indication
Argument M
event M

event:
This parameter defines the value of the detected event or error cause in the PDL according to
Table 18:
Table 18 — Events
Name Meaning Mandatory/optional
PDL_cycle_end |The receive update memory was updated, (0]
and the contents of the transmit update
memory are transmitted to the BLL

4.3.5 Pata transfer procedures from a queue
4.3.5.1 Bus access and data transfer mechanism
4.3.5.1.1 Synchronization cycle
Before| starting of data transfer between the master*and the slave(s), the PDL layers| on all
devicep shall start with a synchronization cycle. {In* this cycle, a synchronization m¢ssage
resets |the frame count bit flags in all devices to"a defined value. In addition, the master
started with the transmit of configure data te~all slaves. After receiving the new copfigure
data, qll slaves shall initialize themselves with*the new received configure values.
The frgme count bits prevent a multiplication of messages at the confirming and/or resppnding
device|(responder), as these would cause the loss of positive acknowledgements.
A syndhronization cycle only takes place for one communication relationship, that is, b¢tween
the PIDL protocol machine- of the master and the PDL protocol machine of a slave. A
synchrpnization cycle is initiated in the following cases:
— aftger a hardware reset,
— after a reset of the PDL layer by the PDL-user,
— after the detection of protocol errors,
— aftg¢r a multiple data cycle error (max_swa_count time expired), and
— aft¢grnd multiple SPA acknowledge timeout (the SPA acknowledge timeout ogcurred

max_spa_retry-times).

In the first two cases the buffers and queues of the protocol layer for sending and receiving of
messages are cleared from the concerned devices. Thus, all requests, confirmations and
indication stored in these buffers are lost. In the remote device, however, no buffers are
cleared. After the synchronization cycle this device tries to transmit the interrupted send
message again.

In all other cases no buffers are cleared in any device. Upon a successful synchronization,
both devices re-try to carry out orders of the application which have not yet been completed.
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4.3.5.1.2 SVA message

Upon a successful synchronization and before interrupted messages are sent again, the
master sends a SVA Message ("Send Value with Acknowledge") to the slave. The SVA
Message transfers variables for the parameterisation of the PDL protocol machine.

The SVA Message transmits max_swa_count. The max_swa_count variable has a default
value of 128 and can be parameterized by means of PDL_Set Value. The slave accepts this
value as its own max_swa_count.

The max_swa_count variable shall be transferred. In addition, other variables may be
specified

4.3.5.1.3 Frame count bit

The frame count bit (FCB) prevents a multiplication of messages at the confirming |and/or
responding device (responder), as this would cause the loss of positive acknowledgemgnts.

If a pgsitive acknowledgement is lost for whatever reason, the requester tries to sent the
previolls message again. When this message has already been correctly received [py the
responder, this is indicated by an unchanged FCB. In this case the responder again sends the
acknowledgement to the requester, directly after the receiptof/the first message sepgment.
Then, the requester stops the repeated sending.

If a nelw message is to be sent the FCB shall be changed. To ensure that the request¢r FCB
(transmit FCB) and the responder FCB (receive FEB) of the remote device have thg same
initial yalue after the initialization of the layer 2.and after protocol errors, there will be a
synchrpnization with FCB_SET messages. The FCBs are set to '1' if the synchronizatipn was
succegsful.

There s a FCB pair for both transmissieft directions (one transmit and one receive FICB for
each djrection) (see Figure 17).

Mastef. Slave
Transmit FCB Receive FCB
Receive FCB Transmit FCB

Figure 17 — Transmit and receive FCBs on the master and slave sides

4.3.5.1.4 Data transmission of bus cycles with errors

If a data cycle error occurs during the transmission of a SPA or SVA Message, the queue is
not completely transmitted again. The transmission is rather continued with the queue parts
that follow the error.

The master responds to cycle errors. Thus, a distinction is to be made between the two
transmission directions master — slave and slave — master. If a cycle error occurs, this
does not have any influence on the PDL protocol machine.
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1) Data transmission: master — slave

If the master detects a data cycle error while queue is transmitted, the transmission shall be
repeated from the error onwards. In this case the master communicates the error to the slave
by means of a SWA Message.

Figure 18 and Figure 19 clarify the transmission master —» slave with SWA Message. The
numbering corresponds to the time sequence:

2) Cycle error

Master Slave

1) DATA PDU

3) SWA PDU
4) DATA PDU repeated

Figure 18 — Data transmission master —» slave.with SWA Message

Master detected a
cycle error

¢ ¢A1 ¢Az ¢A\\3/ ¢A4 \LAs ¢A6 J/N ¢A8 Start of

PDL
Io iDL w1 w2| | swA | wi w2 w3 w4 W5 Master
Cycle: C1 Cc2 C3 C4 C5 Cc6 Cc7 Cc8 Cc9
‘ -~ ‘ - IDL‘ - w1 ‘ 50 ‘ - SWA‘ - W1 ‘ - W2 ‘ - W3 ‘ -- W4 ‘ ... IBS1ing
Lol oL d
o || - - IDL 0 SWA | W1 w2 w3
| - - - - - N N - Slave

Cycle C3 does not cause a start of the PDL
machine, as this cycle contains an error.

FigurT 19'='Time sequence of the data transmission master —» slave with SWA Mersage

2) Data transmission: slave —» master:

If the master detects a cycle error when it receives a PDU, the slave will be announced
immediately from the master by means of a RWA PDU. The slave shall confirm this RWA PDU
with a SWA PDU, before the DATA PDU is sent again. The master uses the SWA PDU to
mark the beginning of repeated data transmission.

An outstanding data transmission sequence from master — slave is interrupted during the
RWA Message transfer and after the exception handling the data transmission can be
continued.
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Figure 20 and Figure 21 clarify the transmission slave —» master with RWA Message or SWA
Message:

2) Cycle error

1) DATA PDU
Master 4) SWA PDU Slave
5) DATA PDU
repeated
3) RWA PDU
Figure 20 — Data transmission slave —» master with SWA/RWA Message
Master detects
a bus cycle with errors
\L \L \LA‘I \LAZ \LAS \LA4 \LAS $/A6 \LA7
I IDL IDL IDL (W1) w2 w3 - w4 SWA w1 Master
o) - - - RWA - - - - - -
Cycle: C1 Cc2 C3 C4 C5 C6 c7 C8 c9 Cc10
‘ ‘ DL —-|IDL - |wW1l —|Ww2 -—|w3 RWA‘ - - WANA ‘ SWA - | W1 - | W2 - Bus
o | - - - - RWA - - - - Slave
w1 w2 w3 w4 SWA wA1 w2 w3 w4
Cycle C3 does not cause a-start of the PDL
machine, as this cycle contains an error.
Figuyre 21 — Time sequence of the data transmission slave - master with SWA/RWA
Message
4.3.5.2 Description of'the time sequences
Master:
After epch data cycle the PDL protocol machine is started once in the master for each slave in
the ring hayving a parameter channel.
Amondg-ethers—the-protecolmachinekhrows-thefollowing-parameters:

Input parameters:

— The message segment which has been received during the last intact data cycle from the
slave.

— The information whether a bus cycle error occurred during the last data cycle.

Output parameters:
— The message segment which is to be sent in the next cycle to the slave.

In Figure 22 these parameters are shown for each PDL protocol call A1...An, where 10...In
identify the receive data for the master and the send data for the slave. Accordingly, 00...0On

are send data of the master and receive data of the slave.
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After the completion of a data cycle the PDL protocol machine is started on the slave, if the
slave determined that the master did not send an IDL PDU and/or there is an outstanding
send data request on the slave. IDL PDU are transmitted whenever there is no further user
data are to be transmit. The last received message can be read and/or one outstanding send
message can be prepared in the PDL protocol machine. The PDL pass the PDLPDU to the
BLL for transmitting within the next data cycle to the master. The third line of the
representation shows the starts of the PDL protocol machine of the slave (A1...A9) and the
associated send and receive messages.

Bus:

In Figlire 22, the middle row shows the cycles (C1...C9) and the messages whi

trans

The tr
RECEI
TRANS
requirg
PDL pr

Cyclg:

itted in these cycles from the slave to the master and vice versa.

nsmission of a message from the TRANSMIT protocol machine of the~master
E protocol machine of the slave requires two cycles, and the transmission fr
BEMIT protocol machine of the slave to the RECEIVE protocol machine of the
s three cycles.The TRANSMIT and RECEIVE protocol machines,are componentg
otocol machine.

f the P
\LM \LAZ \LAS \LA4 \LAS \LAG \LA7 \LAS \LAQ Start of the

machine
10 11 12 13 14 15 16 17 18
02 03 04 05 06 o7 08 09 o10| ™~

C1 C2 C3 C4 C5 C6é c7 C8 C9

11 0112 0213 0314 04/15 0546 0617 0718 08/19 09. Bug

A1 \]/ A2 \L A3 \L Ad \L A5 \L A6 \L A7 \L A8 \L A9  Start of the PDL

00 01 02 03 04 05 06 07 o@g | Machine

I3 14 15 16 17 18 19 110 11 Slay

In the
shall b
lost. T
data w

Figure 22 — Allocation of.actions of the PDL protocol machines and data cycles

slave, the start of the PDL protocol machine for the sending and receiving of PL
e completed before a further cycle end was indicated. Otherwise received data
ne DLPDU ecycle time depends with the respect from the number of slaves and fr
dth of eagh-slave which are connected to the DL-subnetwork.

ch are

to the
bm the
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of the

S
=

Masiter

DLPDU
can be
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T

\L \LA1 \LAZ \LA3 \LA4 \LAS \i/AG \i/A7 \i/AB

! o . | . o co Master
0 IDL w1 w2 w3 w4 IDL IDL IDL IDL IDL
Cycle: C1 Cc2 C3 C4 C5 C6 Cc7 Cc8 Cc9 Cc10
\ . ~| - IDL| - W1| - WwW2|- W3 |- W4 - IDL|- IDL‘ CO IDL| - IDL‘ ... Bus
\L \L \L \LM \LAZ \LAS \LA4 \LAS \LAG \LA7
o | - - IDL w1 w2 w3 w4 IDL IDL IDL Slave
[ - — — - - - co - - —
Figure 23 — Message transmission: master — slave
\L \L \L \Lm \LAz \LA3 \LA4 \LAS J/A6
I IDL IDL IDL IDL w1 w2 w3 w4 IDL IDL
Master
0 - - - - - - - co - -
Cycle: C1 C2 C3 c4 C5 Cé6 c7 C8 Cc9 Cc10
\ \ oL -|mDL -|IDL -|W1 -—-|W2 -—-|W3 -|W4 - |IDL --|IDLCO \ DL - Bus
\L \LM \LAZ \LAS \LA4 \LAS \LAS \LA7 \LAB \LAS
o | - - - - - - ! - - co Slave
I | IDL w1 w2 w3 w4 IDL IDL IDL IDL IDL

Figure 24 — Message-transmission: slave —» master

Figure|23 and Figure 24 show thatxat least DIST = 5 data cycles are needed between the
sending of the last message, until-a-confirmation (CO) for this message is received.

Delayy while confirmations: may be also taken into the account, so the protoco
additiopal cycles for waiting of a confirmation. This number of additional cycles is st

need
bred in

the variable "add_wait"._Oh the master side the variable add_wait can be parameteriz¢d with
the PDL_Set_Value, (value range: 1 to 4). The contents of the variable add_wait is trangmitted
from the master to.the slave within the FCB_SET PDU while the PDL protocol machines are
synchrpnized.

4.3.5.3 Cading of the messages

4.3.5.3:

The message length for a slave with the parameter channel consists at least one octet for
FCT and additional the length of the data 1, 3 or 7 octets, depending from the size of the
message for transmission.
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4.3.5.3.2 Structure of the code octet

4.3.5.3.2.1 General

Figure 25 shows the structure of a code octet, Table 19 shows the L_status encoding and
Table 20 the FCT code.

B16 B15 B14 B13 B12 B11 B10 B9
L_status FCT code FCB IDL
Figure 25 — Code octet of a PDLPDU
Table 19 — Encoding of the L_status

L_status Generation Meaning
(B16 B15 B14) (Local/Remote)

000 - No confirmation

001 L/R Acknowledgement positive

010 R Acknowledgement negative,
no resource available (buffer full)

011 L/R Acknowledgement hegative,
multiple data cyele error
(transmission ¥ia the bus only from
the master to.the slave)

100 R Acknow/ledgement positive
(repeated)

101 R Acknowledgement negative,
no’resource available (repeated)

110 L Acknowledgement negative,
acknowledge_timeout

111 R FCB_SET confirmation, the FCT
code equals 0; FCB = 1!

Table'20 — FCT code (PDLPDU-Types)

Functipn code | PDL-PDU Types Meaning

0j0o0 IDL PBU The IDL PDU do not contain any information (except for a FCB_SET
confirmation).

001 DATA PDU The DATA PDU contains segments of user data or PDL variables.

opno SPA PDU The SPA PDU defines the start of a new queue data transmission and
contains at least the length information of DLSDU in octets-1 and segrhents
of user data.

0f1 SVA PDU The SVA PDU defines the start of a new variable data transmission and
contains at least the Tength information of variable data in octets-T and
possibly PDL variables.

100 Don’t spare Reserved

101 RWA PDU RWA PDU (Receive Word Again): The data octets of the message contain at
least the amount of successfully received data octets+1 and possibly DLSDU
data or PDL variables.

110 SWA PDU SWA PDU (Send Word Again): The data octets of the message contain at
least the amount of successfully sent data octets + 1 and possibly DLSDU
data or PDL variables.

111 FCB_SET PDU |[The FCB_SET PDU contains L_status = 0 and FCB = 1, for an FCB_SET
request from the master to the slave. The first data octet of the message
contains user data for the PDL protocol machine of the slave.
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4.3.5.3.2.2 FCB

Frame count bit : 0/1, alternating bit.
The FCB is only relevant within the start segment of SPA Message and SVA Messages.

4.3.5.3.2.3 Idle message

—41 -

If the IDL-Bit (see Figure 25; Bit 9) equals 0, the message does not contain any information

and is called IDLE message.

4.3.5.3.3 Messages with a size of one word

4.3.5.3.3.1 General

Figure|26 shows the structure of a message with a size of one word.

Code octet

B16 B15 B14 B13 B12 B11

B10 B9

Data octet

B7 B6 B5 B4 B3/yB2

x|x|x|x|x|x|x|o

x|x|x|x|x|x|x|x

4.3.5.3.3.2 Call messages

Figure 26 — Structure of a message with a size,of one word

1) SPA Message (PDLPDU-Type for transmission of queéued user data):

In the |L_status of the code octets, a confirmation fola SPA Message of the remote
can beltransmitted at the same time (see Figure 27).

Code octet Data octet
B16 B15 B14 B13 B12 B11 B10 . B9 B7 B6 B5 B4 B3 B2
X X X 0 1 EC 1 n-1: DLSDU length in octets-1:
B 1<=n<256
X X 0 0 X 1 1st DLSDU octet
0 0 X 1 2nd DLSDU octet
0 0 X 1 Nth DLSDU octet

Figure 27 — Structure of a SPA Message

2) SVA Message (DLPDU-Type for transmission of configuration data):

After d confirmed FCB_SET, further variables are transmitted from the master to the
'Send Value with Acknowledge' message. On the master side these variables
the PDL_Set Value.request and are also valid for the slave after the transmis

segment.

device

slave
can be
sion of

e start

The swa_count variable shall be transferred. In addition, further variables may be specified

(see Figure 28).
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Code octet Data octet
B16 B15 B14 B13 B12 B11 B10 B9 (B8 B7 B6 B5 B4 B3 B2 B1
X X X 0 1 1 FC 1 n-1: number of variable octets-1
B
0 0 1 1 Swa_count (mandatory)
X X 0 0 1 1 2nd variable octet (optional)
| X X X |o o 1 | X | 1 | Nth variable octet (optional)

Figure 28 — Structure of a SVA Message

61158-4-8 © IEC:2007

3) FCB_SET Message:

This

the master and on the slave, that is, to set the FCBs to a defined value (see 4.3)5.1.3).

In the first data octet, the master also transmits the protocol specific parameters whic

been s

4.3.5.3
1) RW
With th
Messa

RWA
errors

2) SW

essage is used to synchronize the PDL protocol machines of a parameter,char

t with the PDL_Set_Value service (see Figure 29).

Data octet
B5” B4

Code octet
B16 B15 B14 B13 B12 B11 B10 B9
o 0o o0 |1 1 1 | 1 | 1

B8 B7 B6 B3 B2 B1

Coding see below

Figure 29 — Structure of a FCB\SET Message

.3.3 Control segments
A Message:

e RWA (Read Word Again) message the master indicates to the slave during
pe that the slave has received one message without errors. In the first data og
Message contains the numbet)of DLSDU octets which have been received
see Figure 30).

Code octet Data octet
B16 B15 B14 Bi3\B12 B11 B10 B9 (B8 B7 B6 B5 B4 B3 B2 B1
X X X 1 0 1 X 1 |k Number of correctly received DLSDU
octets during the current SPA Messages
Figure 30 — Structure of a RWA Message
A Message:

nel on

h have

a SPA
tet the
ithout

For the

SWA Message a difference between master and slave has to be observed, as o

nly the

master can immediately detect a bus cycle with errors (see Figure 31).

— When a SPA Message is sent from the slave to the master, its identifies the beginning of

rep

eated data transmission. Here, the SPA Message is sent after a RWA Message.

— If the master detects a data cycle with errors when a SPA or SVA Message is
sent to the slave, the transmission is repeated from the error onwards. This
error-1 = number of PDU sent without errors is communicated to

the

slave by means of a SWA Message.
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Code octet Data octet

B16 B15 B14 B13 B12 B11 B10 B9 | B8 B7 B6 B5 B4 B3 B2 B1

X X X 1 1 0 X 1 k Number of data octets sent without errors
X X X 0 0 1 X 1 (k+1)th data octet

X X X 0 0 1 X 1 (k+2)th data octet

X X X |0 o 1 | X | 1 | N-th data octet

Figure 31 — Structure of a SWA Message

4.3.5.3.3.4 Response messages

1) Data confirmation (confirmation for SPA or SVA Messages):

The higher three bits of the code octet contain the confirmation for the call megssages
descriped above. This confirmation can also be transmitted together with a messagge start
segment of SPA or SVA, control or user data segment (exception:n\FCB_SET PDU) (see

Figure|32).

Code octet Data octet
B16 B15 B14 B13 B12 B11 B10 B9 | B8 B7 B6 “B5 B4 B3 B2 BI
L_status |x|x|x|x|1 x|x|x|x|x|x|x|x

Figure 32 — Structure of a confirmation\for SPA or SVA Messages

2) FCPB_SET confirmation:

The FEB_SET confirmation acknowledges-a*FCB_SET request (see Figure 33).

Code octet Data octet

B16 B15 B14 B13 B12 Bf1 B10 B9 (B8 B7 B6 B5 B4 B3 B2 B1

11 1 ]o v |1 ]+ Coding see below

Figure«33-— Structure of a FCB_SET as confirmation
Coding of the data octet for FCB_SET Message as request and confirmation

In the [data octet{of the FCB_SET as request or the FCB_SET as confirmation, the master
transmlits the\protocol specific parameters which have been set with the PDL_Set| Value
servicg (se€ Figure 34):

Pak ot
Tarta—octet

Gode-oetet
B16 B15 B14 B13 B12 B11 B10 B9 |B8 B7 B6 B5 B4 B3 B2 BI
xxx|xxx|x|x a) b) c)

Figure 34 — Structure of the data octet for FCB_SET as requests and confirmations

a) B8-B6: err_max
The contents of the variable err_max should be multiplied with 2, accordingly to get
the number of attempts for sending a same message

b) B5-B3: Reserved
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c) B2-B1: add_wait
The variable add_wait-1 gives the number of cycles that is additionally waited for a
confirmation.

4.3.5.3.4 Queue data with a segment size of more than one word

Example: Queue data size =
error (see Figure 35).

— 44 —
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2 words, data transmission with SWA Message after a cycle

Code octet 1st data octet 2nd data octet 3rd data octet
X X X |1 1 0 |X]|1]|knumberof message (k+1)th message octet (k+2)th message octet
actets sent without an
error
0 0 1 |X |1 [(k+3)th message octet (k+4)th message octet (k+5)th message-ocjet
1 1 0 |X |1 |(N-1)th message octet N-th message octet X | X | X |X |X |X | X | X

Numbér of segments to be transmitted for a message (DLSDU):

Calculation:

where

N

Gm(N)

NOTE

Examp

A que
segme

G3(14

le:

4.3.6

Gpm(N) = (N-1)/m + 1

is the number of PDU.

N-1) / m is a not rounding integer division.

=(14)/3+1=4+1= 5

PDI protocol machines

Figure 35 — Structure of a message with a size of more than.one word

is the number of data octets per segment (PDU)

is the user data quantity (including the number of octets sent/received withouf errors
or the data length)

le data with 13 )octets is to be transmitted. N = 14, including the data length. The
ht size is two\words, that is, three data octets are available in the segment (m = 3):

4.3.6.1 PDL base protocol machine

4.3.6.1.1 Description of the states

The PDL base protocol machine provides the functionality of the PDL and has the following
five states:

4.3.6.1.2 PDL_INIT

State after power on. This state is only left when all required PDL protocol machines have
been generated by means of the communication relationship list entries and the PDL receive
and transmit update memories are initialized.
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4.3.6.1.3 PDL_RECEIVE_UPDATE

In this state the PDL takes the user data out of the PDLSDU which was received from the BLL
and updates the PDL receive update memory of layer 2.

4.3.6.1.4 PDL_PM_ACTIVE

With the transition into this state all protocol machines are initiated at the same time. This
state shall only be left after all protocol machines have been processed.

4.3.6.1.5 PDL_TRANSMIT_UPDATE

In this
generg

with a
BLL.

4.3.6.1.6 PDL_WAIT_FOR_PDLSDU

In th

BLL_D

In all
the P

First, t

is state the PDL base protocol machine (see Figure

L-user to the PDL, are processed as follows:

36) waits

lata.confirm(master side) or BLL_Data.indication (slave side) primitive of the BLL

he service request is locally confirmed by means of a PDL_Data_Ack.confirm pr

Then at the receiving side, the PDL generates a+PDL_Data_Ack.indication primitive

passed on to the PDL-user, which can be identified by the remote address.

A rese

generally causes a transition to the RDL_INIT state.

PDL_
RANSMIT_
UPDATE

PDL_
RECEIVE_
UPDATE

Figure 36 — PDL base protocol machine

state the PDL takes the user data out of the transmit update memory ofslayer 2,
tes the user data part of the PDLSDU to be sent to the BLL and transmits thexPDLSDU
BLL_Data.request (master side) or BLL_Data.response (slave side) primitive

to the

for a

tates (except PDL_INIT) the PDL_Data_Ack.request primitives, which are passgd from

mitive.
that is

The state transitions from every state (except PDL_INIT) to the same state when a
PDL_Data_Ack.request primitive arrives from the PDL-user are not shown to simplify matters.
However, they are listed in the state transition table.

4.3.6.1.7 Description of the transitions

Table 21 shows the state transitions of the PDL base protocol machine.
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Table 21 - State transitions of the PDL base protocol machine

Initial state
event
\ condition
= action

Transition

Follow-up state

After Power on

PDL_INIT

PDL_INIT
\ initialization of the PDL protocol machines and
the update memories are not yet completed

PDL_INIT

PDL_INIT (master side only)
\ initialization completed

PDL_PM_ACTIVE

= Sldlt O all FUL protocolimacnines

PDL_|INIT (slave side only)
\linitialization completed

2a

PDL_WAIT_FOR_PDLSOU

PDL_|TRANSMIT_UPDATE

& copy of user data from TUM to the
ADLSDU AND send PDLSDU to BLL with
BLL_ Data.request/response

PDL_WAIT_FOR:PDLSOU

PDL_WAIT_FOR_PDLSDU
\|no BLL_Data.confirm/indication received

PDL.WAIT_FOR_PDLSOU

PDL_|WAIT_FOR_PDLSDU
BLL_Data.confirm/indication received
\lupdate_info == OK

PDL_RECEIVE_UPDATE

PDL_|WAIT_FOR_PDLSDU
LL_Data.confirm received
update_info == NOK

> start of all PDL protocol machines
> if trigger_mode == AT,

hen start_bus_cycle = OFF

—~ 1 _— Ml

PDL_PM_ACTIVE

PDL_|[RECEIVE_UPDATE

> copy user data from PDLSDU to RUM
b start all PDL protocol machines

> if trigger_mode == AT,

hen start_bus_cycle = OFF

K I |

PDL_PM_ACTIVE

PDL_|PM_ACTIVE

\pot all PDL protocol machines are stopped
OR (master side only)

dtart_bus_cycle == OFF

PDL_PM_ACTIVE

PDL_|[PM_ACTIVE

\lall PDL protocol machines are stopped
AND (master side only)
dgtart_bus_cyclen== ON

PDL_TRANSMIT_UPDATIE

Any_|state
i)L_Reset. request received

PDL_Reset.confirm

PDL_INIT

Ansttate

same_state

PDL_Data_Ack.request (..,rem_add,..)
= PDL_Data_Ack.confirm
= PDL_Data_Ack.indication to PDL-user with rem_add

Any_state
all PDL management services
= process and confirm the services

same_state
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PDL protocol machine

.1 Overview

For each slave with a parameter channel in the ring, the PDL base protocol machine of the
master manages a PDL protocol machine. The PDL base protocol machine of a slave with a
parameter channel, however, has only one PDL protocol machine for this parameter channel.

A PDL protocol machine processes all PDL_Data_Ack services which are transmitted via the
parameter channel to the PDL and has, in particular, the following tasks:

Connection:

— Estiablishing the PDL connection to the remote device.

Sendi

— Teg
— Prg
— Co

— Segmentation of the DLSDU to data segments

— Err

— Pa
the

ReceiV

— Re
— Re

— Transferring received DLSDU to the PDL-user with PDL_Data_Ack.indication.

Figure
differe
uses a

g side:

ting the send requests (PDL_Data_Ack.request) for plausibility
cess the send requests
nfirming the send requests (PDL_Data_Ack.confirm)

br detection while data transfer

5sing the Message segments and confirmations with the BLL_Data.request/respg
Basic Link Layer (BLL).

ing side:

Ceiving confirmations and data segments.with the BLL_Data.confirm
assembling the data segments to DL.SDU

37 explains the PDL protocel machine in general for a master and a slav
nces between master and(slave are given. Each PDL protocol machine contrd
TRANSMIT and a RECEIVE protocol machine.

nse to

e. The
Is and
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Master
User
FAL
PDL protocol machines @ @ @ PDL
BLL
MAC
MAC MAC MAC MAC MAC
@ BLL BLL @ BLL @ BLL BLL
PDL PDL PDL PDL PDL  |—— PDL protocol machine
FAL FAL FAL FAL FAL
User User User User User
Slave with 110 Slave with Slave with 110
parameter module parameter parameter module
channel channel channel

in the master and slaves

4.3.6.2.2 Counters and flags in the protocol machines

4.3.6.2.2.1 Counters

The counters described in the following~are used in the PDL protocol machines

parameter channel (see Table 22):

Figure 37 — Locations of the PDL and the-PDL protocol machines

Table 22 —Counters of the PDL protocol machines

Used in protocol

Counter Description .
machine
Ccycle Counter for the number of data cycles since the start | TRANSMIT
signal of a SPA or SVA Message has been sent. This
counter checks the correctness of repeated
confirmations.
Ccerr Counter for the number of defective data cycles after | TRANSMIT
another while a message is sent.
Cconf Counter for the number of cycles during which a PDL protocol and
confirmation is awaited. TRANSMIT
Creq_retry Counter for the attempts to send messages when TRANSMIT
confirmations were lost due to defective data cycles.
CSWA Counter for the number of cycles during which a RECEIVE
SWA Message is awaited.

or the

4.3.6.2.2.2 Flags

connection

The PDL protocol machine manages a flag called "connection". This flag is the same as
DISCONN, when the PDL protocol machine of the master is not synchronized with that of a
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slave. In this case, the master or slave continuously sends synchronization messages until
one message is confirmed by the remote device. Then connection == READY is set, that is,
the PDL protocol machines are synchronized (see Table 23).

Table 23 — Meaning of the "connection" flag

Connection Description

DISCONN |The PDL protocol machines are not synchronized

READY The PDL protocol machines are synchronized. The PDL layer is ready
to transmit a message

4.3.6.2.3 Description of the states
4.3.6.2.3.1 Overview

Figure|38 shows the PDL protocol machine.

) Master only

% Slave only.

Figure 38 — PDL protocol machine

Transifions as a result-of a received PDL_Reset.request primitive always go from everly state
to the|INIT state;These transitions are not shown individually but are described py the
transitijon 0.

4.3.6.2.3.2" INIT

Initialization of the PDL protocol machine

4.3.6.2.3.3 WAIT_FCB_RES

Synchronization

4.3.6.2.3.4 WAIT_IBS_CYCLE_END

The PDL protocol machine is synchronized. This state controls whether the RECEIVE and/or
the TRANSMIT protocol machine is started.

4.3.6.2.3.5 RECEIVE

The RECEIVE protocol machine is started.
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4.3.6.2.3.6 TRANSMIT

The TRANSMIT protocol machine is started.

4.3.6.2.4 Description of the transitions

The PDL protocol machine is started by the PDL base protocol machine when a data cycle
has been completed and new received data (PDLSDU) from the BLL is available. If the
received data has been processed, and new transmit data is not available, the PDL protocol
machine stops itself. In the stopped state, the protocol machine does not respond to events.
Only a PDL_Reset.request causes a reset of the protocol machine at any time (see Table 24).

Table 24 - State transitions of the PDL protocol machine

Init{al state
event
\condition
= action

Transition Follow-up state

PDL_Reset.request received 0 Reset INIT
= initialize PDL protocol machine,
reject non-processed PDL_Data_Ack services

INIT] 1 TFCB_Req4 |WAIT_FCB_RES
initialization of the PDL protocol machine completed
Cconf =0,
stop PDL protocol machine

WAIT_FCB_RES 2.\ Wait1 WAIT_FCB_RES
Cconf < DIST+add_wait
\neither FCB_SET request (slave side only) sent nor
FCB_SET confirmation received
= increment Cconf,

stop PDL protocol machine

WAIT_FCB_RES 3 TFCB_Req2 [(WAIT_FCB_RES
Cconf > DIST+add_wait
\neither FCB_SET request (slave side.only) nor
FCB_SET confirmation received
= send FCB_SET request,

Cconf = 0,

stop PDL protocol machine

WAIT_FCB_RES 4 RFCB_Req1 (WAIT_IBS_CYCLE_END
FCB_SET request received
= send FCB_SET-confirmation,
set receive and-transmit FCB-Fag,
connection:=\READY,
reset TRANSMIT and RECEIVE protocol machine,
mastér side only: send enable of SVA PDU
(see TRANSMIT protocol machine),
stop ' PDL protocol machine

WAIT\FCB_RES 5 RFCB_Conf |WAIT_IBS_CYCLE_END
FCB_SET confirmation received
=set receive and transmit FCB,
connection = READY,
reset TRANSMIT and RECEIVE protocol machine.,
master side only: send enable SVA PDU
(see TRANSMIT protocol machine),
stop PDL protocol machine
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Initial state

event
\condition
= action

Transition

Follow-up state

WAIT_IBS_CYCLE_END
FCB_SET as request received

= send FCB_SET as confirmation,
set receive and transmit FCB,
connection = READY,
reset TRANSMIT and RECEIVE protocol
machines,
master side only: send enable SVA Message

(see TRANSMIT protocol machine),

stop PDL protocol machine

6

RFCB_Req2

WAIT_IBS_CYCLE_END

WA

T_IBS_CYCLE_END
receipt of a confirmation and/or a message
segments except FCB_SET request and FCB_SET
confirmation, (slave side only), no RWA PDU

= start RECEIVE protocol machine

Recv_Req

RECEIVE

WA

T_IBS_CYCLE_END (master side only)
status of RECEIVE protocol machine == WAIT_SWA
= start RECEIVE protocol machine

Wait_SWA

RECEIVE

WA

T_IBS_CYCLE_END
receipt of an IDLE message
= start TRANSMIT protocol machine

Send_Req

TRANSMIT

WA

T_IBS_CYCLE_END (slave side only)
RWA PDU received
= start TRANSMIT protocol machine
(to send a SWA PDU)

10

Recyv) RWA

TRANSMIT

RE(

EIVE
RECEIVE protocol machine stopped AND
connection == DISCONN
= send FCB_SET request,
Cconf =0,
stop PDL protocol machine

11

TFCB_Req3

WAIT_FCB_RES

RE(

EIVE (master side only)

RECEIVE protocol machine stopped~AND
connection == READY
AND RECEIVE protocol machine has sent
RWA PDU
= stop PDL protocol machine

12

TM_Disable

WAIT_IBS_CYCLE_END

RE(

EIVE
RECEIVE protocel nrtachine stopped AND
connection =5 READY
AND RECEN/E ‘protocol machine
(master_side only) has not sent a RWA PDU
= start TRANSMIT protocol machine

13

Recv_OK2

TRANSMIT

TRA

NSMIT
TRANSMIT protocol machine stopped AND

connection == DISCONN

14

TFCB_Req4

WAIT_FCB_RES

= send FCB_SET request,
Cconf =0,
stop PDL protocol machine

TRANSMIT

TRANSMIT protocol machine stopped AND
connection == READY
= stop PDL protocol machine

15

Transm_OK

WAIT_IBS_CYCLE_END
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TRANSMIT protocol machine
1 Description of the states
.1.1 Overview

39 shows the TRANSMIT protocol machine.

1 13,17, 20

@ » {SEND_ '\ » [ WAIT_ '\

Transifions as a result of a PDL_Reset primitive always go ffem every state to the T_
These transitions are not shown individually but are described by the transition 0.

state.

4.3.6.3

No me

4.3.6.3.

A mes

4.3.6.3.

A mes

4.3.6.3.

The TH
the TR
table W
not ing

does mot respond to events. Only a PDL_Reset.request causes a reset of the p

machir

FRAVE CONF
14,16

11,12, 15, 18, 19

3

Figure 39 — TRANSMIT protocol machine

1.2 T_IDLE

5sage is being sent.

1.3 SEND_FRAME

bage is being sent.

1.4 WAIT_CONF

bage was sent. The confirmation of the remote device is being waited for.

2 Description ofithe transitions

ANSMIT pretocol machine merely carries out one transition and stops itself.
hich describes the state transitions the 'stop TRANSMIT protocol machine' acti
luded for-all transitions to simplify matters. In the stopped state the protocol m)

efat,any time (see Table 25).

RANSMIT protocodl machine is started by the higher-level PDL protocol machine.

IDLE

Then
In the
bn was
achine
rotocol
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Table 25 — State transitions of the TRANSMIT protocol machine

Initial state
event fes
\condition Transition Follow-up state
= action
PDL_Reset.request 0 Reset T_IDLE
= reset TRANSMIT protocol machine
T_IDLE 1 Wait1 T_IDLE

there is no send enable for a SVA PDU (master only)
and no PDL_Data_Ack.request
= no action (waiting)

—_TDCE Z RequestT SEND_FRAME, |
send enable for SVA PDU (master only) or
PDL_Data_Ack.request

\PDU shall be transmitted with more than
one segment
= enter start segment of the SPA/SVA PDU,

Ccycle = Ccerr = Creq_reply = 0

I_IDLE 3 Request2 WAIT_CONF
send enable for SVA PDU (master only) or
PDL_Data_Ack.request
\PDU can be transmitted with one segment
= enter start segment of the SPA/SVA PDU,
Ccycle = Ccerr = Creq_reply =0,
Cconf =0

SEND_FRAME 4.\ Recv_Confl |T_IDLE
repeated confirmation for SPA PDU received
(repeated positive or repeated queue full)
\DIST < Ccycle < DIST+add_wait
= change transmit FCB,
sent SPA confirmation

SEND_FRAME 5 Recv_Conf2 |T_IDLE
repeated confirmation for SVA PDU received
(repeated positive or repeated quedefull)
\DIST < Ccycle < DIST+add_wait
= change transmit FCB

SEND_FRAME 6 Disconn1 T_IDLE
repeated confirmation far SPA or SVA PDU
received (repeated positive or repeated queue full)
\Ccycle < DIST OR Ccycle > DIST+add_wait
= connection ¥ DISCONN

SEND_FRAME 7 Cycl_Err1 SEND_FRAME
last data_€ycle contained errors
\Ccerr'&'max_swa_count
=.increment Ccerr ,
enter SWA PDU,
increment Ccycle

SEND FRAME 8  Mult Errd T IDILE
last data cycle contained errors
\Ccerr > max_swa_count
= connection = DISCONN

SEND_FRAME 9 Send_Segm1 |SEND_FRAME
last data cycle completed without errors
\more than one data segment to be sent
= enter DATA PDU,
increment Ccycle

SEND_FRAME 10 Send_Segm2 |WAIT_CONF
last data cycle completed without errors
\last data segment to be sent
= enter DATA PDU,
Cconf =0
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Initial state
event
\condition
= action

Transition

Follow-up state

WAIT_CONF
confirmation SPA received (positive,
repeated pos., queue full or repeated queue full)
= change transmit FCB,
enter SPA PDU

11

Recv_Conf3

T_IDLE

WAIT_CONF
confirmation for SVA PDU received (positive, repeated
pos., queue full or repeated queue full)
= change transmit FCB

12

Recv_Conf4

T_IDLE

WAIT_CONF
no confirmation received
\Cconf > DIST+add_wait AND
Creg-retry < max_req_retry AND queued data can be
transmitted with one segment
= increment Creq_retry ,
enter start segment of SPA or SVA PDU,
Ccycle = Ccerr = 0,
Cconf=0

13

Timeout1

WAIT_CONF

WAIT_CONF

no confirmation received

\Cconf > DIST+add_wait AND

Creq_retry < max_req_retry AND queued data shall be

transmitted with more than one segment

= increment Creq_retry ,
enter start segment of the SPA or SVA PDU,
Ccycle =0, Ccerr=0

14

Timeout2

SEND_FRAME

WAIT_CONF
no confirmation received
\Cconf > DIST+add_wait AND
Creq_retry > max_req_retry
= connection = DISCONN

15

Mult_TO

T_IDLE

WAIT_CONF
last data cycle contained errors
\Ccerr < max_swa_count AND more than one data
segment is to be sent repeatedly
= increment Ccerr ,
enter SWA PDU

16

Cycle_Err2

SEND_FRAME

WAIT_CONF
last data cycle contained errors
\Ccerr < maxixswa_count AND SWA PDU can
accept all.data which is to be sent repeatedly
= incfement Ccerr,
enter SWA PDU in PDLSDU,
Cconf =0

17

Cycle_Err3

WAIT_CONF

WAIKT_CONF

18

Mult_Err2

T_IDLE

Tast data cycle contained errors
\Ccerr > max_swa_count
= connection = DISCONN

WAIT_CONF
repeated confirmation for SPA or SVA PDU
received (repeated positive or repeated queue full)
\Ccycle < DIST OR Ccycle > DIST+add_wait
= connection = DISCONN

19

Disconn2

T_IDLE

WAIT_CONF
no queue received
\Cconf < DIST+add_wait
= increment Cconf and Ccycle

20

Wait2

WAIT_CONF
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4.3.6.4 RECEIVE Protocol Machine

4.3.6.4.1 Description of the states

4.3.6.4.1.1 Overview

Figure 40 shows the RECEIVE protocol machine.

1,2,3,5,6,7 11, 18,19 21

\AZEY

SWA

JARVYTNT SROAN
L

8,9, 10, 12, 13,
14915, 16, 17

22,24, 25,26

1) The WAIT_SWA state as well as the transitions from
and to WAIT_SWA are for the master only
2) For a slave only

Figure 40 — RECEIVE protocol machine

Transifions as a result of PDL_Reset.request primitive” always go from every state

R_IDL
0.

4.3.6.4.1.2 R_IDLE

No mepsage is being received.

4.3.6.4.1.3 SEND_FRAME

A message is being received.

4.3.6.4.1.4 WAIT_SWA (master side only)

A RWA PDU was sent. The responding SWA PDU is being waited for.

4.3.6.

The REGEIVE protocol machine is started by the higher-level PDL protocol machine,
the R . . . .

.2 Description of the transitions

to the

E state. These transitions are not shown individually but are described by the transition

Then,

)

ible 26

which describes the state transitions, the stop 'RECEIVE protocol machine' action was not
included for all transitions to simplify matters. In the stopped state the protocol machine does
not respond to events. Only a PDL_Reset.request causes a reset of the protocol machine at

any time.
Table 26 — State transitions of the RECEIVE protocol machine
Initial state
event fes
\condition Transition Follow-up state
= action
PDL_Reset.request received 0 Reset R_IDLE
= reset RECEIVE protocol machine
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Initial state
event .
\condition Transition Follow-up state
= action
R_IDLE 1  Wait1 R_IDLE
no SVA (slave only) or SPA PDU received
= no action (waiting)
R_IDLE 2 Disconn1i R_IDLE
SVA (slave only) or SPA PDU received
\receive FCB # await FCB AND
no confirmation has yet been sent for this receive FCB
= connection = DISCONN
RBEE I—Rep—Receptt+—RABLEE

SVA (slave only) or SPA PDU received
\receive FCB = await FCB AND
a confirmation has already been sent for this receive
FCB
= enter repeated confirmation in PDLSDU
(repeated positive or repeated queue full)

R _IDLE

SVA (slave only) or SPA PDU received

\start segment does not contain the complete message
= accept data octets

4 RStart_Sgm1

RECEIVE_FRAME

R _IDLE
SPA PDU received
\start segment does not contain a complete message
AND memory available
= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to the PDL-user

5 RStart,/Sgm2

R_IDLE

R _IDLE

SPA PDU received

\start segment contains complete message“AND

no more memory available

= enter negative confirmation (queué-full) in PDLSDU,
change receive FCB

6 RStart_Sgm3

R_IDLE

R_IDLE (slave only)
SVA PDU received
\start segment contains complete message
= accept data octets;
enter positive confirmation in PDLSDU,
change receive FCB

7 RStart_Sgm4

R_IDLE

RECEIVE_FRAME

no DATA PDU; no SWA PDU

and no,SVA~(slave only) or SPA PDU received
= stop.the sending of a message

8 Segm_Err1

R_IDLE

RECEIVE: FRAME
SVA (slave only) or SPA PDU received
\receive FCB # FCB in start seqgment AND

9 Disconn2

R_IDLE

no confirmation was sent for the received PDU
= connection = DISCONN

RECEIVE_FRAME
SVA (slave only) or SPA PDU received
\receive FCB # await FCB in start segment AND
a confirmation has already been sent for the PDU
= enter repeated confirmation in PDLSDU
(repeated positive or repeated queue full)

10 Rep_Recept2

R_IDLE

RECEIVE_FRAME
SVA (slave only) or SPA PDU received
\receive FCB == await FCB in start segment AND
start segment does not contain the complete message
= accept data octets

11 RStart_Sgm5

RECEIVE_FRAME
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Initial state
event
\condition
= action

Transition

Follow-up state

RECEIVE_FRAME

SPA PDU received

\receive FCB == await FCB in start segment AND

start segment contains a complete message AND

memory available

= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to the PDL-user

12

RStart_Sgm6

R_IDLE

RECEHVE_FRAME

SPA PDU received

\receive FCB == await FCB in start segment AND

start segment contains a complete message

AND no more memory available

= enter negative confirmation (queue full) in PDLSDU,
change receive FCB

Rotlart_oygimnys

ROIDEE

RECEIVE_FRAME (slave only)
SVA PDU received
\receive FCB == await FCB in start segment AND
start segment contains a complete message
= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB

14

RStart_Sgm8

R)IDLE

RECEIVE_FRAME

DATA PDU received

\last data segment of SAP AND memory available

= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to PDL-user

15

RData_Sgm1

R_IDLE

RECEIVE_FRAME

DATA PDU received

\last data segment of a SPA PDU AND

no more memory available

= enter negative confirmation«(queue full) in PDLSDU,
change receive FCB

16

RData_Sgm2

R_IDLE

RECEIVE_FRAME (slave only)

DATA PDU received

\last data segment 6f-SVA

= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB

17

RData_Sgm3

R_IDLE

RECEIVE_ERAME

DATA'PDU received

\notast data segment of a SVA (slave only)
ornSPA PDU

</accept data octets

18

RData_Sgm4

RECEIVE_FRAME

RECEIVE_FRAME (slave only)
SWA PDU received
= accept data octets (observe new position in the
data flow)

19

RSWA_Sgm1

RECEIVE_FRAME

RECEIVE_FRAME (master only)
last data cycle contained errors
= enter RWA PDU in PDLSDU (correct position in
the message),
Cswa =0

20

Cycle_Err

WAIT_SWA

WAIT_SWA (master only)
no SWA PDU received
\CswAa < DIST+add_wait
= increment CswA

21

WAIT2

WAIT_SWA

WAIT_SWA (master only)
no SWA PDU received
\Cswa > DIST+add_wait

22

Time_Out

R_IDLE
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Initial state
event
\condition
= action

Transition Follow-up state

WAIT_SWA (master only) 23 RSWA_Sgm2 (RECEIVE_FRAME
SWA PDU received
\SWA PDU does not contain the last data
= accept data octets (observe new position in the
data flow)

WAIT_SWA (master only) 24 RSWA_Sgm3 |R_IDLE
SWA PDU received
\SWA PDU contains the last data
of a SPA AND memory is available
[ — accept data OClels (ODServe New position m
the data flow),
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to PDL-user

WAIT_SWA (master only) 25 RSWA_Sgm4 (R_IDLE

SWA PDU received

\SWA PDU contains the last data

of SPA AND no more memory available

= enter negative confirmation (queue full) in PDLSDU,
change receive FCB

WAIT_SWA (master only) 26 RSWA_Sgm5 |R_IDLE

SWA PDU received

\SWA PDU contains the last data of SVA

= accept data octets (observe new position in the
data flow),
enter positive confirmation in PDLSDU,
change receive FCB

4.4 Basic Link Layer (BLL)
4.4.1 Functionality of the BLL

The Basic Link Layer is the compoenent of a device that is responsible for the controlled bus
accesy.

In the fase of the master it makes the BLL_Data service available at its interface to thge PDL.
This s¢rvice allows to run specific data cycles and to exchange data between PDL and BLL.
In the $lave the BLL ensdres that received data is passed to the PDL and that new datg are to
be senft is acceptedfrom the PDL (see Figure 41).

DLS-user DLMS-user
>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1

Figure 41 — Location of the BLL in the DLL

The BLL can be parameterized and reset via the interface to the PNM2.
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The Basic Link Layer of the master is subdivided into the "BLL operating protocol machine"
and "BLL-BAC protocol machine". A slave has only a simplified BLL operating protocol

machine.

4.4.2 PDL-BLL interface
4.4.2.1 General

4.4.2 describes the BLL_Data data transmission service, which is available to the PD

L, with

its service primitives and the associated parameters. The BLL_Data service is mandatory.

Figure 42 shows the interface between PDL and BLL in the layer model.

DLS-user DLMS-user
>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNMA

Figure 42 — Interface between PDL and BLL'in the layer model

4.4.2.2 Overview of the service and interactions
4.4.2.2.1 BLL_Data

The BUIL makes the BLL_Data service available to the PDL. With this service and a PL
the POL of the master transfers the OUT _data within a data cycle to the slaves and rg
simultgneous all IN data from the slaves'with a PDLSDU. The OUT and IN data are sef
with rgspect to time, that is, the OUF~and IN data which are sent or received with a

call, need not belong to one and the same data cycle. Thus, PDL and PhL can d
independently of each other.

The slpve behavior is similar to the master:

The BLL of a slave provides the new received OUT data to the PDL by means of indi
The P
response. The IN data“will be sent in one of the next bus cycles over the physical med
the master.

The BUL_Data service is provided by using four service primitives. The master uses a r
primitiye Ao request a service. A confirmation primitive is returned to the master af

DLSDU
ceives
arated
service
perate

ication.

DL transmits the IN data for sending within next data cycle to the BLL by meanps of a

ium to

equest
er the

service_ha ] )
PDL. The PDL responds to this indication wrth a response primitive.

Service primitives:

— BLL_Data.request (master side only)
— BLL_Data.confirm (master side only)
— BLL_Data.indication (slave side only)
— BLL_Data.response (slave side only).

4.4.2.3 Overview of the interactions

Figure 43 shows the time relations of the primitives for the BLL_Data service:

el to the
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Master Slave
(Initiator) (Responder)

BLL_Data.req (PDLSDU,, )

%

BLL_Data.con (PDLSDU )

BLL_Data.ind (PDLSDU )

BLL_Data.req (PDLSDU,, )

‘] BLL_Data.res (PDLSDU g)

BLL_Data.con (PDLSDU )

4.4.2.]
4.4.2.
The Bl

Using
primiti
which
data, if
param

when @ data cy€le-'contained errors. The BLL immediately confirms a BLL_Data.reqJ

means
the BL

BLL_Data.ind (PDLSDU )

BLL_Data.req (PDLSDU,, )

e BLL_Data.res (PDLSDU g )

BLL_Data.con (PDLSDU )
BLL_Data.ind (PDLSDU)

BLL_Data.req (PDLSDU,, )

% BLL_Datares (PDLSDU )

BLL_Data.con (PDLSDU )

Figure 43 — BLL_Data service

Detailed definitions of the services and interactions
.1 BLL_Data

L_Data service is mandatory-

BLL_Data.request (master side only), the PDL of the master shall use this
e for sending of a.RDLSDU within next data cycle. The PDLSDU shall contain 4
s to be transmitted ‘over the bus in a data cycle. If the BLL of the master receiv
passes this data as a PDLSDU to the PDL using a BLL_Data.confirm. The upda
pter contains\the information whether the data is valid. The received data is ng

of a BLL_Data.confirm with result (-), provided that no valid bus configuration e
| cannot accept further OUT data owing to a shortage of resources.

service
Il data
d new
e_info
t valid
est by
ists or

Bl

The B

1 £ 1 4 £ : ! [y D 4 +1 DR :
L Ul a SIdvt UdllsiClis TICvw TTULTIVEU Udld do 4a TULOUU U UIC TTUL USI

1g the

BLL_ Data.indication primitive. The BLL does not get any received data when there are any
errors in the data cycles and accordingly does not generate a BLL_Data.indication. Using a
BLL_Data.res primitive, the PDL of the slaves sends new transmit data in a PDLSDU to the
BLL (see Table 27).
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Table 27 — BLL_Data

Parameter name Request |Indication | Response | Confirm
Argument M M
PDLSDU M M
Result(+) M S
PDLSDU M M
update_info M
Result(-) S
error_code M
argumlent:
The argument contains the service-specific parameters of the service call.
PDLSDU:
Requejst:
The PDLSDU parameter contains the OUT data to all slaves, whieh\is to be transfe

one data cycle. The BLL passes the data on to the subordinate MAC fayer.

Indica
The P
withou

lion:
DLSDU parameter contains the OUT data which svas’ received in the last data
errors.

result(+):

This parameter indicates that the service was executed successfully.

Confir

mation:

This parameter contains the IN data which'the master received in the last data cycle.

Respojnse:

The PIPLSDU contains the IN data’of a slave which is to be transmitted in a data cycle.
updatl_info:

This parameter describes’the validity of the IN data. Possible codes are:

a) OK|— the PDLSDU contains valid IN data.

error_

K — the PDLSDU does not contain any valid IN data.

rred in

cycle

code:

This parameter indicates the reason why the service could not be executed successfully.

Possib

le error codes are:

STATE_CONFLICT
The PDL sent a BLL_Data.request, although no valid bus configuration exists.

NO_RESRC
The PDL sent a BLL_Data.request, although the BLL is not ready to accept new OUT data.
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4.4.3 PNM2-BLL interface
4.4.3.1 General

The management of the BLL is the part of the BLL that provides the management functionality
of the BLL requested by the PNM2. The management of the BLL handles the initialization, the
monitoring, and the error recovery in the BLL.

4.4.3 defines the administrative BLL management services which are available to the PNM2,
together with their service primitives and associated parameters. Figure 44 shows the
interface between PNM2 and BLL in the layer model.

DLS-user DLMS-user
>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNMA

Figure 44 — Interface between PNM2 and BLLin the layer model

The service interface between PNM2 and BLL provides the following functions.

— Reset of the BLL

— Reguest and change of the current operating parameters of the BLL

— Indjcation of unexpected events, errofs, and status changes which occurred of were
detected in the BLL.

4.4.3.2 Overview of the services

4.4.3.2.1 Available services

The BUL makes the followihg services available to the PNM2.

— BLL_ID (acquire busConfiguration)
— Resget BLL

— Sef Value BLL

— Gef Value.BLL

— Evefnt BLL.

The BLL services are described with the primitives (beginning with BLL_...).

4.4.3.2.2 BLL_ID

The BLL (master side only) makes the required BLL_ID service available to the PNM2. With
this service and a BLLSDU the PNM2 of the master transfers the control codes for an
identification cycle to the slaves and receives all device codes of an identification cycle from
the slaves with a BLLSDU.

Service primitives:

— BLL_ID.request (master only)
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— BLL_ID.confirm (master only)

4.4.3.2

.3 BLL_Reset

The PNM2 uses this required service to reset the BLL. Upon execution of the service the

PNM2

receives a confirmation.

Service primitives:

— BLL_Reset.request

— BLL_Reset.confirm

4.4.3.2

The P
complg
accept

Servic

— BL
— BL

4.4.3.2

The PN

defined variable is transmitted in the response of the. BLL.

Servic

— BL
— BL

4.4.3.2

The Bl
the BL

Servicg primitive:

— BL

.4 BLL_Set_Value

NM2 uses this optional service to set a new value to the variables of the BLL
tion, the PNM2 receives a confirmation from the BLL whether the defined va
ed the new value.

b primitives:

| Set Value.request

| Set Value.confirm
.5 BLL_Get_Value

IM2 uses this optional service to read the variables of the BLL. The current valusg

b primitives:

| Get_Value.request,
| Get_Value.confirm.

.6 BLL_Event

L uses this required sérvice to inform the PNM2-user about certain events or ej

| Event.indication

Upon
riables

of the

rors in
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4.4.3.3 Overview of the interactions

Figure 45 and Figure 46 show the time relations of the service primitives:

BLL PNM 2

BLL_XXX.req

BLL_XXX.con

Figure 45 — Reset, Set Value and Get Value BLL services

BLL PNM 2

BLL_Event.ind

Figure 46 — Event BLL service

4.4.3.] Detailed definitions of the services and interactions

4.4.3.4.1 BLL_ID (master side only)
Using [a BLL_ID.request, PNM2 transfers-@ BLLSDU to the BLL. The BLL shall initiate an
identification cycle when it receives thistequest. The BLLSDU shall contain all data which is
to be tfansmitted over the bus in an identification cycle. If the BLL of the master received new
received data in an identification cycle, it passes this data as a BLLSDU to the PNM2 ysing a
BLL_ID.confirm. The received data is not valid when an identification cycle contained| errors
(see Table 28).

Table 28 — BLL_Data

Parameter name Request Confirm
Argument M
SDU M
Result(+) S
SDU M
Result(-) S
error_code M

argument:
The argument contains the service-specific parameters of the service call.
SDU:

Request: The SDU parameter contains the control codes to all slaves, which is to be
transferred in one identification cycle. The BLL passes the data on to the subordinate MAC
layer.
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result(+):
This parameter indicates that the service was executed successfully.

Confirmation: This parameter contains the device codes which the master received in the
last identification cycle.

result(-):

This parameter indicates that the service could not be executed successfully.

error_gode:
This parameter indicates the reason why the service could not be executed successfully.

4.4.3.4.2 BLL_Reset

The BUL_Reset service is mandatory. The PNM2 transfers a BLL_Resetirequest to the |BLL to
reset if (see Table 29).

Table 29 — BLL_Reset

Parameter name Request Confirm

Argument M
Result(+) M

4.4.3.4.3 BLL_Set_Value

The BLL_Set Value service is mandatory. The PNM2 transfers a BLL_Set Value.request
primitife to the BLL to set a defined)BLL variable to a desired value. After receipt |of this
primitiye, the BLL tries to select thie variable and to set the new value. Upon completipn, the
BLL transmits a BLL_Set_Value.confirm primitive to the PNM2 (see Table 30).

Table 30 — BLL_Set_Value

Parameter name Request Confirm
Argurient M
variable_name M
desired_value M
Result(+) M

variable_name:

This parameter defines the BLL variable which is set to a new value.
desired_value:

This parameter declares the new value for the BLL variable.

Table 31 provides information on which BLL variables may be set to which new values.
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Table 31 — BLL variables

Name of BLL variable Value range Default

update_time T, (0..21%) * 0,1 ms

bus_timeout TTO_BUS (0..215) * 1 ms

Configuration_valid true, false false

BLL_access_control locked, req_to_lock, unlocked |locked

4.4.3.4.4 BLL_Get_Value

The B[LL_Get_Value service is optional. The PNM2 transfers a BLL_Get Value\n
primitive to the BLL to read out the current value of a specified BLL variable. AftenTed
this primitive, the BLL tries to select the specified variable and transmit its currentvalus
PNM2 with a BLL_Get_Value.confirm primitive (see Table 32).

Table 32 - BLL_Get_Value

Parameter name Request Confirm
Argument M
variable_name M
Result(+) M
current_value M

variabje_name:
This parameter specifies the BLL variable the value of which is to be read out.
desired_value:

This parameter contains the readtout value of the BLL variable.

equest
eipt of
to the

The BLL variables to be\read are exactly those variables that can be written to with

BLL_Set_Value.

4.4.3.4.5 BLL_Event

The BLL_Event service is mandatory. The BLL transfers a BLL_Event.indication prim
the PNM2 toiinform it about important events or errors in the BLL (see Table 33 and
34).

tive to
Table

Table 33 — BLL_Event

Parameter name Indication

Argument M
event M
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This parameter specifies the event which occurred or the error source in the BLL and can
assume the following values:

Table 34 — BLL_Event

Name Meaning Mandatory /
optional
BLL_bus_timeout There is a bus timeout tto_gus, that is, the time between two data cycles (0]

completed without errors was too long. The BLL declared the bus
configuration invalid

BLL_update_timeout |The was an update timeout before the next data cycle was started. 0
BLL_cydle_error Identifies cycles with errors, BLL interrupts data cycles, waits for the M
enabling of PNM2 by means of the BLL_Set_Value (variable:
BLL_access_control = unlocked)
4.4.4 Protocol machines of the BLL

4.4.41
4.4.41

The Bl
PDL Ia
is con
receivg
of initi
Anothsg
existin
protoc

In the
tup is K
the BL
the BL
PNM2
identifi
BLL_A
complg
BLL_S

4.4.41

BLL protocol machines of the master
.1 Overview

Ll operating protocol machine of the master recgives the OUT data of the highe
yer and passes it to the BLL-BAC-PM. The BLK-BAC-PM then starts a data cycls
rolled by a timer. Moreover, after a data cycle the BLL operating protocol m
s the IN data from the BLL-BAC-PM and passes it to the higher-level PDL. It is ¢
bting the next data cycle while the PDLGs still processing the data of the last
r functionality is the monitoring of the bus timeout to sus. After a data cycle with

r-level
which
achine
apable
cycle.
errors,

y PDLSDUs in the BLL are rejected*owing to the method of functioning of the PDL
bl machines.
master, the BLL-BAC-PM (BAC: 'Basic Access Control') ensures that the updat

ept for data cycles. For:this, it passes, initiated by a timer, BAC_Cycle.request
| operating protocol machine to the MAC layer as MAC_Cycle.requests. Furthe
L_Access_Control variable can be used to interrupt the starting of bus cycles
in order to stari~ID* cycles there. As the diagnostic application will possibly

ccess_Control .variable after a data cycle error automatically to locked.

tion of thenlD' cycle, the PNM2 shall again enable the starting of the data cycles
et Valueservice.

.2/ BEL-internal functions

e_time
s from
rmore,
by the
run an

cation cycle ~after a data cycle with errors, the BLL-BAC-PM sets the

Upon
with a

The BLL-MAC-PM makes the BAC_Cycle service available to the BLL operating protocol
machine of the master. In the BLL-MAC-PM the service is mapped onto the MAC_Cycle
service of the MAC sublayer. The structure of the BAC_Cycle service exactly corresponds to

that of

the MAC_Cycle service.

The difference between the two services is that with the BAC_Cycle a bus cycle is not
immediately started after the service call, but the cycle start is synchronized with the clock of
a timer. The PNM2 can also prevent the start of the cycle with the BLL_Set Value service
(BLL_access_control variable).

4.4.41

.3 BAC_Reset

After a BLL_Reset, the operating protocol machine resets the BAC-PM with the BAC_Reset
service. The service is immediately confirmed.
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4.4.4.1.4 BLL operating protocol machine

Figure 47 shows the BLL operating protocol machine of a master.

NO_BUS_CONFIG

11,12, 146

Figure 47 — BLL operating protocol machine of the master

Transifions as a result of BLL_Reset primitive “always go from every state o the
NO_BWS CONFIG state. These transitions are naetispecified individually but are desgcribed
with the transition 0.

States| of the BLL operating protocol machine of the master

4.4.41.4.1 BLL_INIT

The Basic Link Layer, including the"'BLL_access_control and configuration_valid variables, is
initialied and/or reset.

4.4.41.4.2 NO_BUS_CONFIG

There [s no valid active’bus configuration. No data cycles can be run.

4.4.41.4.3 READY

There | is, (no* valid active bus configuration. A data cycle can be initiated Wwith a
BLL_DIata.request.

4.4.41.4.4 DATA_CYCLE

A data cycle was initiated with a BLL_Data.request.
Table 35 describes the state transitions.

The following events may occur in each state and shall be taken into consideration.

— Change of the value of the configuration_valid variable (The PNM2 can change this value
with BLL_Set_ Value).
— BLL_Data.request.

— BAC_Cycle.confirm (if a BAC_Cycle.request was sent before).
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— Time ty expired, that is, the bus timeout tro sus is exceeded.

— BLL_Reset.request.

Receive- and transmit BLLSDU:

In the BLL operating protocol machine a distinction is made between receive and transmit
BLLSDU. The receive BLLSDU (BLL_RSDU) contains the data which was received by the
MAC sublayer after a data cycle, while the transmit BLLSDU (BLL_TSDU) contains all data
which was sent to the MAC sublayer prior to a data cycle. As BLL_RSDU is not necessarily
passed on to the PDL immediately after the cycle end, the BLL_RSDU is buffered together
with a SDU_statuse.._rspu in the BLL:

SD U_JtatusBLL_RSDU

a) OK

b) NOK — there is no valid input data since a data cycle has not yet been run or becal

las

Table 35 — State transitions of the BLL operating protocol machine of the mas

— there is valid input data since a data cycle was completed without errors«

data cycle contained errors.

= Initialize operating PM,
reject BLL_TSDUs and BLL_RSDUs which have not
yet been processed

Initial state
\E(}:\:Jirétition Transition Follow-up state
= action
After power on 0 BLL_INIT
BLL_INIT 1a NO_BUS_CONFIG

BLL_Data.request
\no more resources available
= BLL_Data.confirm (-) with error_code = NO_RESRC

NO_BUS_CONFIG 1b READY
configuration_valid == true (edge)
= generate BLL_RSDU with SDUJstatusgLL_rRspbu =
NOK
NO_BUS_CONFIG 3 NO_BUS_CONFIG
BLL_Data.request
= BLL_Data.confirm (z))with error_code =
STATE_CONELICT
READY 6 BLL_INIT
configuration~valid == false (edge)
READY 7 DATA_CYCLE
BLL Data.request
= acegept PDLSDU as BLL_TSDU ,
BLL_Data.confirm(+) with PDLSDU = BLL_RSDU
and update_info = SDU_statusgLL_Rsbu,
BAC_Cycle.request with BLLSDU = BLL_TSDU
READY ] BLL_INIT
timer T1 expired
= BLL_Event.indication with event = BLL_bus_timeout
DATA_CYCLE 10 BLL_INIT
configuration_valid == false (edge)
DATA_CYCLE 1 DATA_CYCLE
BLL_Data.request
\still resources available
= accept PDLSDU as BLL_TSDU
DATA_CYCLE 12 DATA_CYCLE

se the

er
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Initial state
event Lo
\condition Transition Follow-up state
= action
DATA_CYCLE 13 READY
BAC_Cycle.confirm with BLLSDU and result == OK
\no further BLL_TSDU available
= set timer T to value Tto_sus,
buffer BLLSDU as BLL_RSDU with
SDU_statuspLL_rspu = OK
DATA_CYCLE 14 DATA_CYCLE
BAC_Cycle.confirm with BLLSDU and result == OK
\further BLL_TSDU available
= set timer ['1 to the value T7o_Bus,
BLL_Data.confirm(+) with PDLSDU = BLLSDU and
update_info = OK,
BAC_Cycle.request with BLLSDU = BLL_TSDU
DATA_CYCLE 15 READY
configuration_valid == false (edge)
DATA_CYCLE 16 DATA CYCLE
BLL_Data.request
\still resources available
= accept PDLSDU as BLL_TSDU
DATA_CYCLE 17 BLL_INIT

BLL_Data.request
\no more resources available
= BLL_Data.confirm (-) with error_code = NO_RESRC

DATA_CYCLE
BAC_Cycle.confirm with BLLSDU and result ==\0K
\no further BLL_TSDU available
= set timer T to value Tto_sus,
buffer BLLSDU as BLL_RSDU with
SDU_statuspLL_rspu = OK

same_state

DATA_CYCLE
BAC_Cycle.confirm with BLLSDUW{and result == OK
\further BLL_TSDU available
= set timer T4 to the value Tto” Bus,
BLL_Data.confirm(+) with PDLSDU = BLLSDU and
update_info = OK,
BAC_Cycle.request-with BLLSDU = BLL_TSDU

BLL_INIT

.5 BLL-BAC protocol machine

48 shows(the BLL-BAC protocol machine.

0
/i 7 13, 15
’/'\(\

( LOCKED

Figure 48 — BLL-BAC protocol machine
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Transitions as a result of a BLL_Reset.request primitive always go from every state to the
READY state. These transitions are not shown individually but are described by the transition

0.

States

4.4.41

of the BLL-BAC-PM (protocol machine)

.5.1 READY

The initiating of bus cycles is enabled. No cycle is run because the BLL operating protocol
machine and diagnostic application did not send a BAC_Cycle.request or because the update
time tur has not yet expired. typ is considered for data cycles only.

4.4.41

The in
machir

4.4.41

The in
there

bufferq
BLLSD

Table

.5.2 CYCLE_RUN

e waits for the end of the bus cycle.

.5.3 LOCKED

U can be buffered.

B6 describes the state transitions.

The following events may occur and shall be takeqninto consideration.

— BA
— MA

C Cycle.request.

— Timer Ty, that is, the update_time Typ expired.

— Ch
— BA

hnge of the BLL_access_cantrol variable.
C Reset.request.

C_Cycle.confirm (if a MAC_Cycle.request was sent before).

itiating of bus cycles is enabled. A bus cycle is running. In this state the p

tiating of bus cycles is locked. However, a running bus cyclé-can still be compl
s a BAC_Cycle.request in this state, the BLLSDU transferred with the request is
d. Only after the enabling of the bus cycles will a new.bls cycle be started. O

Table 36 — State transitions of the BLL-BAC protocol machine

rotocol

pted. If

ly one

Initial state
event
\conditiof
= action

Transition

Follow-up state

After power on
—jreset BAC-PM

READY

READY

READY

BAC_Cycle.request (data_cycle, BLLSDU)
\T> started and not yet expired
= retain BLLSDU

READY
BAC_Cycle.request (data_cycle, BLLSDU)
\T2 expired or not started
= MACSDU = BLLSDU,
MAC_Cycle.request (data_cycle, MACSDU),
set T2 to Tup , start T2

CYCLE_RUN

READY
T2 expired
\BAC_Cycle request already received but not yet executed
= MACSDU = BLLSDU,
MAC_Cycle.request (data_cycle, MACSDU),
set T2 to Tup, start T2

CYCLE_RUN
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Initial state
event
\condition
= action

Transition | Follow-up state

READY 6 READY
T2 expired
\no pending BAC_Cycle service available
= BLL_Event.indication with event = BLL_update_timeout

READY 7 LOCKED
BLL_access_control == req_to_lock (edge)
CYCLE_RUN 8 CYCLE_RUN
BAC_Cycle.request
BAC_CYV:U.UUIIf;IIII VV;th |cou:t Nn
CYCLE_RUN 9 READY

MAC_Cycle.confirm with result == OK
= BAC_Cycle.confirm with result = OK to
BLL operating protocol machine

CYCLE_RUN 10 LOCKED
MAC_Cycle.confirm with result == NO
= BAC_Cycle.confirm with result = NO to
BLL operating protocol machine,

BLL_access_control == locked,
BLL_Event: BLL_cycle_error
CYCLE_RUN 11 CYCLE_RUN
T2 expired
= BLL_Event.indication with event = BLL_update_timeodt
CYCLE_RUN 12 LOCKED
BLL_access_control == req_to_lock (edge)
LOCKED 13 LOCKED

BAC_Cycle.request (data_cycle, BLLSDU)
\no pending BAC_Cycle service available
= retain BLLSDU

LOCKED 15 LOCKED
MAC_Cycle.confirm with result == OK/NO
= BAC_Cycle.confirm with result-== OK/NO to
BLL operating protocol machine,
BLL_access_control ='locked,

Result == NO — BLEk~Event.indication with
event = BLL_cycle:error

LOCKED 17 CYCLE_RUN
BLL_access( control == unlocked (edge)
\bus cycle‘notyet been completed

LOCKED 18 CYCLE_RUN
BLL{ access_control == unlocked (edge)
\busscycle completed, but BAC_Cycle service is still
pending

=~ MACSDU = BLLSDU,
MAC r‘\J/r*In rnqlloef (dafn r‘\J/r*In’ I\/IA("QI']II)

LOCKED 19 READY
BLL_access_control == unlocked (edge)
\bus cycle completed AND no BAC_Cycle service is
pending

any_state READY

BAC_Reset.request
= reset BAC-PM,
BAC_Reset.con
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4.4.4.2 BLL protocol machine of the slave

4.4.4.2.1 Overview

The BLL-BAC protocol machine does not exist in the slave, since only the master can initiate
bus cycles. The BLL operating protocol machine of the slave is greatly simplified. It only

passes the data from the MAC to the PDL and vice versa.

4.4.4.2.2 BLL operating protocol machine

Figure 49 shows the BLL operating protocol machine of a slave.

READY

1,2

States| of the BLL operating protocol machine of the slave

4.4.4.2.2.1 READY

The BLUL operating protocol machine is ready to accept new output data in form of a MA

Figure 49 — BLL operating protocol machine of the slave

CSDU

from the MAC and passes it to the PDL as a BLLSDU. IN data is also passed from PDL

(BLLSDPU) to the MAC (MACSDU). The BLL is_only responsible for the transmission of ¢

means|of data cycles.

Table B7 describes the state transitions-

The following events may occur.in‘every state and shall be taken into consideration:

— BLL _Data.res
— MAC_Cycle_ind

The MAC_Cycle_ind is’a combination of the following interactions at the MAC < MA

interfage.

a) MAC_Datasindication (Data_Cycle).
b) MAC _Get Data.request (Data_Receive).

c) MAC.Get Data confirm (Data Receive, OK, MACSDU)

ata by

C-user

Table 37 — State transitions of the BLL operating protocol machine of the slave

Initial state
event
\condition
= action

Transition

Follow-up state

READY
MAC_Cycle_ind with MACSDU
= BLLSDU = MACSDU,
BLL_Data.indication (BLLSDU)

READY

READY
BLL_Data.res (BLLSDU)
= MACSDU = BLLSDU,
MAC_Cycle_res (MACSDU)

READY
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MAC_Cycle_res is a combination of the following interactions at the MAC-MAC-user interface:

1) MAC_Put_Data.request (Data_Transmit, MACSDU)
2) MAC_Put_Data.confirm (Data_Transmit, OK).

4.5 Medium Access Control (MAC)
4.5.1 Location of the MAC in the DLL

The Medium Access Control (MAC) is the lowest sublayer of the Data Link Layer (DLL) and is
based on the PhL (PhL) (see Figure 50).

DLS-user DLMS-user
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1

Figure 50 — Location of the MAC"in the DLL

As shdwn in Figure 51, the PhL is also subdivided‘into several sublayers, the functionplity of
which follows from Figure 51 as well. The sublayer'is called MAC-user and correspondg to the
BLL syblayer.
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BLL
Layer 2
A Data Link
Layer
MAC user interface (DLL)
Control system
MAC .
Ring access
DL-Ph interface }{
MIS Router
A
MIS-MDS interface
Y
Coding Layer 1
MDS MDS Transmission frame Physical
Time response Layer
(PhL)
MDS-MAU intefface
\' \'
Conversion
MAU MAU logical signals <>
physical signals
A A
Interface to medium
Y
Medium I | Medium Transmission medium v

Figure 51 =<Model details of layers 1 and 2

4.5.2 Functionality of the MAC

The MAC sublayer controls the access to the transmission medium and ensures that the
received and transmitted user data is checked in the form of a 16-bit CRC polynomial.

The MAC sublayefitransmits the data, which are received the MAC-user, in one DLPDU cycle
as a sequence-of binary data units via the DL-Ph interface to the PhL. At the same time the
MAC gublayerreceives data units via the DL-Ph interface from the PhL. If the PhL has
received these data units without errors it makes them available to the MAC-user. It is plways
the mgstef that initiates a DLPDU cycle, so that a difference is to be made between thel active

MAC ol £ 4 ol tlo + MALO el £ 4l l
S Ulaycl Ul a Tiaosticl aliu uic vyadoolvo IViAw DuUIGyCI Ul U1T oIdVvViT.

A DLPDU cycle consists of a data sequence which may follow a check sequence (see
Figure 52 and Figure 53).
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A datal sequence may either include a data cycle for the transmission of user’data fr
procesps data channel and, if applicable, from the parameter channel, or an identificatio

for the

transmlitted without any errors, a check sequence follows which is initiated by the mastg

check
data s
error i
check
identifi

The M
data t
MACS
DL-Ph

generdtes the MACSDU from it and transmits it to the MAC-user.

To sedure the data transmission, the MAC sublayer generates the checksum of the DL
be trarlsmitted in the form of a CRC polynomial and transmits this sum via the DL-Ph in

to the
the for

4.5.3
4.5.31

A disti
check

4.5.31
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Data sequence Check sequence Data sequence
(user data or control data) (FCS) (user data or
control data)

DLPDU cycle (without errors) Next DLPDU cycle

Figure 52 — DLPDU cycle of a data sequence without errors

Data sequence Data sequence
(user data or control data) (control data)
DCPDUTTYCIE (WIth erTors) Next DCPDUTYycle

Figure 53 — DLPDU cycle of a data sequence with errors

transmission of data for configuration and error diagnostics. If theydata sequen

sequence first transmits the CRC polynomial (checksum) of the data transmitted
pquence before, followed by the receive status (checksum status). Should there
n the data sequence, and this sequence is followed byl another data sequenc
sequence is omitted and another data sequence is-sent, which shall be part
cation cycle.

edium Access Control (MAC) sublayer is a part of the DLL and controls the s
ransmission between the devices over thg“transmission medium. It transm
DU from the MAC-user, generates the accordingly DLPDU and transmits it

interface to the PhL. Conversely, it ré€ceives a DLPDU via the DL-Ph interfag

PhL. Conversely, the MAC sublayer generates the checksum of a received DL
m of a CRC polynomial(@@nd compares it with the received checksum.

Master
DLPDU Structure

hction is~made between the following DLPDU formats: data sequence DLPD
sequence DLPDU.

bm the
h cycle
Ce was
r. This
in the
be an
e, the
of an

ecured
ts the
ia the
e, and

PDU to
erface
PDU in

U and

.1.\Data Sequence DLPDU

The MAC sublayer of a master shall generate the data sequence DLPDU according to
Figure 54 by adding the loopback word (LBW) to the MACSDU. The DLPDU thus generated is
transmitted from left to right to the PhL in the form of PhIDUs so that the LBW is transmitted
first, followed by the MACSDU.

When the number of the data bits transmitted by the BLL cannot be divided by eighth without
a remainder, the loopback word (LBW) shall be preceded by extra bits of any contents. The

numbe

r of these extra bits is 8 bits minus the number of remainder bits.
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Extra bits MACSDU

’7 LBW OUT (n) | OUT (n-1) // OuT (1)
Il

Figure 54 — Data sequence DLPDU transmitted by the master

Conversely, the MAC sublayer of a master shall remove the LBW from a data sequence
DLPDU received according to Figure 55 and compare it with the LBW and the extra bits of the
last data sequence DLPDU transmitted to the PhL. If both words are identical, the MAC

sublayer shall transmit the received MACSDU via the MAC-user interface to the MAC-user.
The datasequence DI PDLI js received from left to right starting with the MACSDU

[ MACSDU — |

IN (n) IN (n-1) // IN (1) LBW
I

Extra bits

Figure 55 — Data sequence DLPDU received by-the master

4.5.3.1.2 Check sequence DLPDU

For a gecured transmission of the data sequence DLPDUY the MAC sublayer shall geng¢rate a
check |sequence DLPDU according to Figure 56 after the data sequence DLPDU was
transmiitted successfully. For this, the MAC sublayer generates a checksum fpr the
transmlfitted data sequence DLPDU and transmits\it together with the checksum statys in a
check sequence as a check sequence DLPDU vig the DL-Ph interface to the PhL.

Checksum(K) Checksum status (k)

Figure 56 — Check sequence DLPDU

Convefsely, the MAC sublayer of the master compare the checksum of a received|check
sequence DLPDU according to Figure 56 with the checksum calculated for the data sequence
DLPDU that was received immediately before. Then it has to evaluate the checksum stptus of
the redeived check sequence DLPDU. The result is communicated to the MAC-user.

4.5.3.2 Loopback word (LBW)

To se¢ure\the data transmission, the MAC shall generate a loopback word (LBW) |with a
structure.as shown in Figure 57.

LBW field FC field
1 |b14|b13|b12|b11 |b10|b9 | b8 | b7 | b6 | b5 |b4 b3 |b2 | b1 |b0

msb Isb

Figure 57 — Loopback word (LBW)

The loopback word is transmitted from right to left, starting with the least significant bit (Isb),
and ending with the most significant bit (msb).

In every transmitted LBW the binary value of b3...b0 are used as frame counter (FC), with b3
as the msb and b0 as the Isb, is decremented by the value 1 compared with the value
represented by b3...b0 of the last LBW, without considering a possible carry. The MAC-user
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defines the values for b14...b4 via the management interface by means of the loopback word
variable of the MAC.

4.5.3.3 Checksum

To secure the transmission of a data sequence DLPDU against errors, the MAC sublayer of a
master generates an independent checksum in the form of a 16-bit FCS value of the data
sequence DLPDU to be transmitted as well as of a received data sequence DLPDU. The FCS
value is the division remainder resulting from a continuous division of the DLPDU, starting
with the Isb, by the standard CCITT polynomial X16 + X12 + X5 + 1 with pre- and post-division
adjustment, all as specified in 4.5.3.3.1.

The checksum is transmitted in a check sequence DLPDU, beginning with the Isb and ending
with the msb.

NOTE 2| The checksum may be generated synchronously with the transmission or receipt of(the."data spquence
DLPDU.

NOTE 3| If a transmission error is detected when a data sequence DLPDU is received,the checksun] for the
received data sequence DLPDU is set to its initial value, L(X), as specified in 4.5.3.3.1,

4.5.3.3.1 Frame check sequence field

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

NOTE [This is sometimes referred to as “little endian” bit numberingx-

Table 38 — FCS length and polynomial

Item Value
n-k 16
G(X) X164+ X112+ X5+ 1 (notes 1, 2, 3)

NOTE 1| Code words D(X) constructed fromthis G(X) polynomial have Hamming distance 4 for lengthg < 4095
octels, and all errors of odd weight are detected.

NOTE 2| This G(X) polynomial is relatively prime to all, and is thus not compromised by any, of the primitive
scrambling polynomials of the fdrm™1 + X-i + X-k sometimes used in DCEs (modems). However, it is everely
compromised by use of differential coding, which uses an encoding polynomial of 1 + X-1 (a factor of G(X)), and
thergfore it should be used«with PhLs which do not employ differential coding.

NOTE 3| This is the same-polynomial as specified in ISO/IEC 3309 (HDLC). However, the method of ¢hecking
diffefs. As a consequence, the error detection properties implied by the Hamming distance apply only
apprpximately to Type\8’s use.

For this standard, as in other International Standards (for example, ISO/IEC 3309, I$O/IEC
8802 and ISO/IEC 9314-2), DLPDU-level error detection is provided by calculating and
appendi 6-bi ches SOgGHeREe CS o—the—other—DILRPDUfieldsIduring
transmission to form a "systematic code word"") of length n consisting of k DLPDU message
bits followed by n - k (equal to 16) redundant bits, and by checking on reception that the FCS
field of the prior data sequence DLPDU is equal to that of the just-received check sequence
DLPDU. The mechanism for this computation is as follows:

dtHRg me

The generic form of the generator polynomial for this FCS construction is specified in
equation (4). The specific polynomial for this DL-protocol is specified in Table 38.

The original message (that is, the DLPDU without an FCS), the FCS, and the composite
message code word (the concatenated DLPDU and FCS) shall be regarded as vectors M(X),

1) W. W. Peterson and E. J. Weldon, Jr., Error Correcting Codes (2nd edition), MIT Press, Cambridge, 1972.
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F(X), and D(X), of dimension k, n - k, and n, respectively, in an extension field over GF(2). If
the message bits are mq ... mi and the FCS bits are fp.k-1 ... fg, where

m1

mga

f7 ...

m1

... mg form the first octet sent,
N-7 -.- MgN form the Nth octet sent,
fo form the last octet sent, and

is sent by the first PhL symbol(s) of the message and fg is sent

last PhL symbol(s) of the message (not counting PhL f
information).

NOTE This “as transmitted” ordering is critical to the error detection properties of the FCS.

by the
raming

then th

and th{
F

The ¢
concat

1

The Dl

The re
F(X), 4

where
q

and L(
4

That i
F

NOTE 1

M(X) = mqXk1 + moXk-2 + | + mg.1 X1 + mg

e message vector M(X) shall be regarded to be

e FCS vector F(X) shall be regarded to be

(X) fh-k-1Xnk-1+ .+ fg
fi5X15 + ... + fp

enation of the message and FCS vectors

(X) M(X) Xn-k + F(X)

mqXn-1 + moXn-2 + _ + mgXn-k + f_g g Xok-1+  + fy

mqXn-1 + moXn-2 + | + mgX16 + f15X15+ .. + f (for the case of k =

LPDU presented to the PhL shall consistef an octet sequence in the specified org

dundant check bits f_k-q1 ... fg of'dhe FCS shall be the coefficients of the rem

(1)

(2)

omposite vector D(X), for the complete DLPDU, -shall be constructed as the

(3)

5)
er.

ainder

(6)

ation or

fter division by G(X), of L(X) (XkK*+ 1) + M(X) Xn-k
G(X) is the degree n-k generator polynomial for the code words
b(X) = Xn-k+ gk g Xkt + 0+ 1
X) is the maximal weight (all ones) polynomial of degree n-k-1

(X) = (Xnk+ )Y (X+1) = Xnk1+ Xnk2+  + X+ 1

= X158 £ X114+ X183+ X124+ ., + X2+ X + 1 (for the case of k = 15)
(X) ~5=* L(X) (Xk + 1) + M(X) Xn-k (modulo G(X))
The” L(X) terms are included in the computation to detect initial or terminal message trund

extensi

Moy dUUilIg a ITenygur-aepenuerit 1dClior to e ru.o.

NOTE 2 As a typical implementation when n-k = 16, the initial remainder of the division is preset to all ones. The
transmitted message bit stream is multiplied by X"-k and divided (modulo 2) by the generator polynomial G(X),
specified in equation (4). The ones complement of the resulting remainder is transmitted as the (n-k)-bit FCS, with
the coefficient of Xn-k-1 transmitted first.
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4.5.3.4 Checksum status

The M

AC sublayer of a master generates a checksum status as shown in Figure 58.

Figure 58 — Checksum status generated by the master

In a check sequence DLPDU transmission takes place immediately after the transmission of

the ch

ecksum, starting with the Isb and ending with the msb.

In the $ame way the MAC sublayer of a master shall evaluate a checksum status rece€ived in a
check sequence DLPDU as shown in Figure 59.
lof[ofo]ofofo|ofo|w|mw]|[m|m|n]|edn|f)]|
ms sb

Figure 59 — Checksum status received by the master

For th¢ logical binary values r7...r0 means: r7=r6=r5=r4=r3Ar2ArIar0, where "A" reprnesents
the bit{by-bit AND operator.

NOTE 1

If the expression r3Ar2ar1ar0 assumes the value logical 17 ,both the data sequence DLPDUs

checksum between two devices was transmitted without errors.

NOTE 2

If the expression r3Ar2ar1Ar0 assumes the value 0, then a transmission error occurred either

data sequence DLPDUs were transmitted or the checksums between two devices.

The ch

after the checksum. The Isb is transmitted first\and the msb last.

4.5.3.9 Bus access control

The dg

part.

4.5.3.5.1 Sender

Figure

in a dgta sequencey(identification cycle or data cycle) from the master to the passive

as wel

as the mechanisms for the data transmission security (check sequence).

and the

hen the

ecksum status is received from right to deft in a check sequence DLPDU immediately

ta transmission is described with separate protocol machines for the send and feceive

60 shows the state transitions of the MAC sublayer for the transmission of a mé¢ssage

slaves
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Data_Cycle
Request

ID_Cycle_
Request

Data
sequence

Check
sequence

Check_
Sequence_
Transfer

Figure 60 — MAC protocol machine of a master: transmission of a message

4.5.3.5.1.1 Data Sequence
4.5.3.5.1.1.1 Idle

In this state the MAC sublayer of a master shall wait for the request to start a DLPDU cycle
through the MAC-user by means of a MAC_Data.request primitive.
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If the MAC sublayer receives the request to start an identification cycle (cycle=ID_cycle) from
the MAC-user by means of a MAC_Data.request primitive, it shall generate the MACSDU to
be transmitted from the data which is available in the ID_transmit buffer for the transmission
and assume the ID_cycle_request state. While data is accepted, any other access to the
ID_transmit buffer is locked.

If the MAC sublayer receives the request to start a data cycle (cycle=data_cycle) from the
MAC-user by means of a MAC_Data.request primitive, it shall generate the MACSDU to be
transmitted from the data which is available in the data_transmit buffer for the transmission
and assume the Data_Cycle_Request state. While data is accepted, any other access to the
data_transmit buffer is locked.

4.5.3.8.1.1.2 ID_Cycle_Request

In thi§ state the MAC sublayer shall first generate the data sequence DLPDU |to be
transmiitted and then start an identification cycle via the DL-Ph interface by - meanss of a
Ph-DATA.request primitive (PhlCl=start_ID_cycle). After the confirmation threugh the PhL by
means| of a Ph-DATA.confirm primitive, the MAC sublayer shall assumé-the Data_Transfer
state.

4.5.3.9.1.1.3 Data_Cycle_Request

In thi§ state the MAC sublayer shall first generate the%data sequence DLPDU |to be
transmiitted and then start a data cycle via the DL-Ph interface by means| of a
Ph-DATA.request primitive (PhlCl=start_data_cycle). After‘the confirmation through the PhL by
means| of a Ph-DATA.confirm primitive, the MAC sublayer shall assume the Data_Tfansfer
state.

4.5.3.9.1.1.4 Data_Transfer

In this|state the MAC sublayer shall first transmit sequentially the data sequence DLHADU by
means| of the Ph-DATA.request primitives™ (PhICl=user_data) via the DL-Ph interface|to the
PhL. Tlhe MAC sublayer receives a.confirmation for every Ph-DATA.request primitive through
the PHL by means of a Ph-DATAi.confirm primitive. At the same time the check sequence
DLPDU is generated synchronously.

After al complete transmission of the data sequence DLPDU, the MAC sublayer shall assume
the Data_lIdle state.

4.5.3.9.1.1.5 Data.ldle

In this [state the_MAC sublayer requests a Ph-DATA.request (PhICI=User_Data_ldle) ang waits
until the data.sequence DLPDU has been completely received. If the receive time monitoring
circuit responded, since an identification or data cycle has been started and before the data
seque i i e data
sequence with a corresponding MAC_Data.confirm primitive to the MAC-user and assume the
Idle state.

After the data sequence DLPDU has been completely received, the MAC sublayer shall
assume the Check LBW state.

NOTE |If a transmission error was detected during the data sequence, the MAC-user started with an identification
cycle in the next DLPDU cycle.

4.5.3.5.1.1.6 Check_LBW

In this state, the MAC sublayer first checks whether a transmission error has been detected
between the start of an identification or data cycle and the complete receipt of the data
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sequence DLPDU. If this is the case, it shall end the data sequence with a corresponding
MAC_Data.confirm primitive to the MAC-user and assume the Idle state.

If no receive error was detected, the received loopback word is compared with the loopback
word transmitted from the MAC sublayer. If both words are identical, the MAC sublayer
terminates the data sequence, generates the check sequence DLPDU and assumes the
Check_Sequence_Transfer state.

If the received loopback word is not identical with the sent word, a transmission error
occurred and the MAC sublayer shall terminate the data sequence with a corresponding
MAC_Data.confirm primitive to the MAC-user and assume the Idle state.

4.5.3.4.1.2 Check sequence
4.5.3.5.1.2.1 Check_Sequence_Transfer

In this |state, the MAC sublayer shall transmit the check sequence DLPDU sequentially yia the
DL-Phlinterface to the PhL. The transmission starts with the checksumy_which is trangmitted
by means of the Ph-DATA.request primitives (PhlCI=CRC_data), followed by the chgcksum
status which is transmitted by means of the Ph-DATA.request primitives' (PhICI=CRC_status).

After the check sequence DLPDU has been completely transmitted the MAC sublaygr shall
assumg the CRC_Idle state.

4.5.3.5.1.2.2 CRC_lIdle

In this [state the MAC sublayer requests a Ph-DATAequest (PhICI=CRC_Data_ldle) and waits
until thie check sequence DLPDU has been completely received. If the receive time monitoring
circuit [responded, since the transmission of the”check sequence DLPDU started and |before
the complete receipt of the check sequence DLPDU, the MAC sublayer shall terminate the
check |sequence with a corresponding MMAC_Data.confirm primitive to the MAC-usgr and
assumg the Idle state.

After the check sequence DLPDU has been completely received, the MAC sublayer thecks
whethgr a transmission errorswas detected in the check sequence. If no transmissioh error
was detected, the MAC sublayér makes the received MACSDU available to the MAC-User in
the ID[ receive buffer, when the MACSDU was received in an identification cycle, or|in the
data_receive buffer, when the MACSDU was received in a data cycle. Afterwards, it
complgtes the DLPDU_¢ycle with a MAC_Data.confirm primitive (status=0OK) to the MA[C-user
and agsumes the ddle state. During the data transfer any other access to the corresppnding
buffer [s locked.

If the dheck sequence detected a transmission error, the MAC sublayer completes the DLPDU
cycle yitha corresponding MAC_Data.confirm primitive to the MAC-user and assunles the
Idle state:

NOTE |If a transmission error was detected during the check sequence, the MAC-user started with an
identification cycle in the next DLPDU cycle.

4.5.3.5.2 Receiver

The receive part of the MAC sublayer is described with two protocol machines: one protocol
machine describes the receipt of a message, consisting of a data sequence and a check
sequence, and the second protocol machine describes the identification of a data sequence
as an identification or data cycle.
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4.5.3.5.2.1 Message receiver

Figure 61 shows the state transitions in the MAC sublayer when a message is received in a
data sequence (identification cycle or data cycle) by the master and the mechanisms for
checking a secured data transmission (check sequence).

Reset

e Idle

Await_
Data_
Transfer

Await_

Data_Transfer ID_ Transfer

\

\

\

\

\

4<7 777777777 End_Data_
Sequence

Data sequence

Check sequence

End_Check_
Sequence

CRC_Data_
Transfer

Check_
Receive Error

CRC_
Status_
Transfer

Figure 61 — MAC protocol machine of a master: receipt of a message

4.5.3.5.2.1.1 Data sequence
4.5.3.5.21.1.1 Idle

In this state the MAC sublayer shall wait until the MAC-user starts an identification or data
cycle. If the MAC-user requests an identification cycle by means of a MAC_Data.request
primitive (cycle=ID_cycle), the MAC sublayer assumes the Await_ID_Transmit state. If the
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MAC-user requests a data cycle by means of a MAC_Data.request primitive
(cycle=data_cycle), it assumes the Await_Data_Cycle state.

If the MAC sublayer receives characters of a data sequence DLPDU by means of a
Ph-DATA.indication primitive (PhlCl=user_data) via the DL-Ph interface before an
identification or data cycle is started, there is a transmission error which is reported to the
MAC-user with MAC_Event.indication primitive (event=data_noise). The received characters
are rejected.

In this case the MAC-user shall request an identification cycle to restore the data consistency.

If the MAC—subtayer—Tecteives characters—of = check—sequenceBDtPBY—bymearms of a
Ph-DATA.indication primitive (PhICI=CRC_data) via the DL-Ph interface before an
identification or data cycle is started, there is a transmission error which is reported|to the
MAC-user with MAC_Event.indication primitive (event=CRC_noise). The received chafacters
are rejected.

In this [case the MAC-user shall request an identification cycle to restore‘the data consigtency.

4.5.3.5.2.1.1.2 Await_ID_Transfer

In this| state the MAC sublayer waits for the beginning of thevdata sequence DLPDU. If it
receives the first character of a data sequence DLPDU, by)means of a Ph-DATA.indication
primitiye (PhlCl=user_data) via the DL-Ph interface, it shall assume the Data_Transfer state.

If the feceive time monitoring responds, there is ajtransmission error and the MAC suyblayer
shall gtop the receipt of the data sequence "DEPDU and assume the Idle statg. This
transmlission error is communicated to the MAC<cuser in the MAC_Data.confirm primitive after
the trapsmission of the data sequence DLPDU has been completed.

If the |[MAC sublayer receives characters of a data sequence DLPDU by means of a
Ph-DATA.indication primitive (PhlCISCRC_data) via the DL-Ph interface, there| is a
transmlfission error which is reportied to the MAC-user with MAC_Event.indication pfimitive
(eventfCRC_noise). The received characters are rejected. In this case the MAC-usqr shall
request an identification cycle\to restore the data consistency.

4.5.3.5.2.1.1.3 Await_Data_Transfer

In this| state the MAC sublayer waits for the beginning of the data sequence DLPDJU. If it
receives the first:character of a data sequence DLPDU by means of a Ph-DATA.indication
primitiye (PhlCl=user_data) via the DL-Ph interface, it shall assume the Data_Transfer $tate.

If the feceive time monitoring responds, there is a transmission error and the MAC suyblayer
Sha” ton tha racaint of tha data caanianca NDIPNDLL and acciima tha ldlg ctat Thls
top—the— ipt—of thedata guen DLPDU and assume—theld! tats.
transmission error is communicated to the MAC-user in the MAC_Data.confirm primitive after

the transmission of the data sequence DLPDU has been completed.

If the MAC sublayer receives characters of a data sequence DLPDU by means of a
Ph-DATA.indication primitive (PhlCI=CRC_data) via the DL-Ph interface, there is a
transmission error which is reported to the MAC-user with MAC_Event.indication primitive
(event=CRC_noise). The received characters are rejected. In this case the MAC-user shall
request an identification cycle to restore the data consistency.

4.5.3.5.2.1.1.4 Data_Transfer

In this state the MAC sublayer shall receive the data sequence DLPDU which is transmitted
character by character with the Ph-DATA.indication primitive (PhICl=user_data) via the DL-Ph
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interface to the MAC sublayer. After the data sequence DLPDU has been completely received
it shall assume the End_Data_Sequence state.

NOTE The quantity of characters which the MAC sublayer of a master received from the PhL in a data sequence
DLPDU is always equal to the quantity of characters which is transmitted from this MAC sublayer in a data
sequence DLPDU to the PhL.

There is a transmission error if the receive time monitoring circuit responds before the data
sequence DLPDU has been completely received. The MAC sublayer shall stop the receipt of
the data sequence DLPDU and assume the Idle state. This transmission error is
communicated to the MAC-user in the MAC_Data.confirm primitive after the data sequence
DLPDU has been completed.

If the |[MAC sublayer receives characters of a data sequence DLPDU by meadns of a
Ph-DATA.indication primitive (PhlCI=CRC_data) via the DL-Ph interface, there| is a
transmlfission error which is reported to the MAC-user with a MAC_Event.indication pfimitive
(eventfCRC_noise). The received characters are rejected. In this case the MAC-usqr shall
request an identification cycle to restore the data consistency.

4.5.3.9.2.1.1.5 End_Data_Sequence

In this| state the MAC sublayer shall terminate the receipt of the data sequence DLPDU,
generdte the received MACSDU, and wait for the beginning of.a theck sequence DLFDU or
the stalrt of a new data sequence by the MAC-user.

If the IMAC sublayer receives the first character of a check sequence DLPDU via the|DL-Ph
interfage by means of a Ph-DATA.indication primitive\(PhICI=CRC_data), it shall assume the
CRC_Data_Transfer state and start to receive the check sequence DLPDU.

If the receive time monitoring circuit responds; there is a transmission error and th¢ MAC
sublayger shall assume the ldle state. This.transmission error is communicated to the MAC-
user in the MAC_Data.confirm primitive-after the transmission of the check sequence DLPDU
has been completed.

There [is a transmission error if the MAC sublayer receives a character of a data sequence
DLPDU via the DL-Ph interface~with a Ph-DATA.indication primitive (PhlCl=user_datal). This
transmlfission error is communicated to the MAC-user with a MAC_Event.indication pfimitive
(eventfdata_noise) and,«if>necessary, in the MAC_Data.confirm primitive after the|check
sequence DLPDU has\ _been completely transmitted. The MAC sublayer shall reject this
character.

If the feceivedrand sent loopback word are not identical the MAC sublayer assumes the Idle
state.

4.5.3.5.2.1.2 Check sequence

4.5.3.5.2.1.2.1 CRC_Data_Transfer

In this state the MAC sublayer shall receive the checksum transmitted via the DL-Ph interface
to the MAC sublayer. The checksum is received with Ph-DATA.indication primitives
(PhICI=CRC_data). After the checksum has been completely received, the MAC sublayer
shall assume the Check_CRC state.

If the receive time monitoring circuit responds, there is a transmission error and the MAC
sublayer shall assume the Idle state. This transmission error is communicated to the MAC-
user in the MAC_Data.confirm after the transmission of the check sequence DLPDU has been
completed.
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There is a transmission error if the MAC sublayer receives a character of a data sequence
DLPDU via the DL-Ph interface by means of a Ph-DATA.indication primitive
(PhICl=user_data). This transmission error is communicated to the MAC-user in the
MAC_Data.confirm primitive after the transmission of the check sequence DLPDU has been
completed. The MAC sublayer shall treat this character like a character of a check sequence
DLPDU and continue to receive the checksum.

4.5.3.5.2.1.2.2 Check_CRC

In this state the MAC sublayer shall compare the received checksum with the one it previously
generated of the last data sequence DLPDU. If the two checksums are identical, the data
sequence DLPDU received last was received without errors. Otherwise, there is a
transmfission error which is communicated to the MAC-user after the end of the|check
sequelce in the MAC_Data.confirm primitive.

If the MAC sublayer receives the first character of a checksum status (PhICI=GRC_status) via
the DU-Ph interface by means of a Ph-DATA.indication primitive, the MAC sublayer shall
assump the CRC_Status_Transfer state and start to receive the checksumy{status.

If the feceive time monitoring responds, there is a transmission ernfor and die MAC suyblayer
shall assume the Idle state. This transmission error is communijcated to the MAC-usel in the
MAC_[Data.confirm primitive after the transmission of the che¢k sequence DLPDU hag been
complgted.

4.5.3.9.2.1.2.3 CRC_Status_Transfer

In this|state the MAC sublayer shall receive the,checksum status transmitted via the [DL-Ph
interfage to the MAC sublayer. The checksum status is received character by character with
the PH-DATA.indication primitives (PhICI=CRCxstatus). After the first four characters|of the
checkqum status (r0...r3) have been completely received, the MAC sublayer shall assume the
Check] Receive_Error state.

If the feceive time monitoring responds, there is a transmission error and the MAC suyblayer
shall assume the Idle state. Thistransmission error is communicated to the MAC-user in the
MAC_[Data.confirm primitive afterthe transmission of the check sequence DLPDU hag been
complgted.

4.5.3.9.2.1.2.4 Check_Receive_Error

In this |state, the MAC sublayer shall evaluate the logic state of the first four characters|r0...r3
of the received-checksum status. If the bit-by-bit logical AND combination r3Ar1Ar0 agsumes
the birlary value’ of logical 1, the data sequence DLPDU received last was received Yithout
errors.|Otherwise, there is a transmission error which is communicated to the MAC-usef in the
MAC_Data.confirm primitive after the check sequence has been completed.

If the MAC sublayer received a character of a check sequence via the DL-Ph interface by
means of a Ph-DATA.indication primitive (PhICI=CRC_status), it shall assume the
End_Check_Sequence state and continue to receive the checksum status.

4.5.3.5.2.1.2.5 End_Check_Sequence

In this state the MAC sublayer shall continue to receive the checksum status. After the
checksum status has been completely received, the MAC sublayer shall terminate the receipt
of the check sequence DLPDU and assume the Idle state.

If the receive time monitoring responds, there is a transmission error and the MAC sublayer
shall assume the Idle state. This transmission error is communicated to the MAC-user in the
MAC_Data.confirm primitive after the check sequence DLPDU has been completely
transferred.
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.2.2 Data sequence identification

Figure 62 shows the state transitions in the MAC sublayer of a master for the identification of
a data sequence as an identification cycle or data cycle.

Reset

ID_Cycle Data_Cycle

ID_Cycle_
Request

Await_
Data_Cycle

Await_ID_
Cycle

ID_Cycle_
Idle

Data_Cycle_
Idle

Figure 62 — MAC sublayer of a master: data sequence identification

4.5.3.59.2.2.1 Identification cycle

4.5.3.5

In this
cycle.
primiti

.2.2.1.1 ID_Cycle

states-the MAC sublayer shall wait for the MAC-user to start an identification

If the) MAC-user requests an identification cycle by means of a MAC_Data.n
e{cycle=ID_cycle), the MAC sublayer assumes the ID_Cycle_Request state.

br data
equest
If the

MAC-

ser  requests a data CyCle Dy means O a NMAU_Dala.request

(cycle=data_cycle), it assumes the Await_Data_Cycle state.

p

imitive

If the MAC receives the beginning of a data cycle via the DL-Ph interface by means of a
Ph-DATA.indication primitive (PhlCl=data_transfer), there is an error and the MAC sublayer
assumes the Data_Cycle state.

4.5.3.5.2.2.1.2 ID_Cycle_Request

If the MAC sublayer receives in this state the request for a data cycle (PhlCl=data_transfer)
via the DL-Ph interface by means of a Ph-DATA.indication primitive, it assumes the

Await_

ID_Cycle state.
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If the receive time monitoring circuit responds, there is a transmission error and the MAC
sublayer shall assume the ID_Cycle state. This transmission error is communicated to the
MAC-user in the MAC_Data.confirm primitive after the transmission of the data sequence
DLPDU has been completed.

If the MAC sublayer receives the first character of a data sequence DLPDU
(PhICl=user_data), there is a transmission error and the MAC sublayer shall assume the
ID_Cycle state. This transmission error is communicated to the MAC-user in the
MAC_Data.confirm primitive after the transmission of the data sequence DLPDU has been
completed.

If the—MAC sublayer receives the first character of a3 check sequence DI PDU
(PhICI¥CRC_data), there is also a transmission error and the MAC sublayer shall assume the
ID_Cyg¢le state. This transmission error is communicated to the MAC-user |n the
MAC_[Data.confirm primitive after the data sequence DLPDU has been completed)

4.5.3.5.2.2.1.3 Await_ID_Cycle

In this|state the MAC sublayer waits for the beginning of an identification cycle. If the MAC
sublaygr receives the beginning of an identification cycle via the DIPh interface by mgans of
a Ph-DAaTA.indication primitive (PhICI=ID_transfer), it assumes the ID_Cycle_ldle state.

If the feceive time monitoring responds, there is a transmission error and the MAC suyblayer
shall assume the Data_Cycle state. This transmission error iS communicated to the MAC-user
in the IMAC_Data.confirm primitive after the transmission of the data sequence DLPDQU has
been completed.

If the] MAC sublayer receives the first gocharacter of a data sequence DLPDU
(PhIClfuser_data), there is a transmissionerror and the MAC sublayer shall assume the
Data_Cycle state. This transmission error is communicated to the MAC-user [in the
MAC_Data.confirm primitive after the'©data sequence DLPDU has been completely
transmfitted.

If the] MAC sublayer receiveés' the first character of a check sequence DLPDU
(PhICI¥CRC_data), there is alsg*a transmission error and the MAC sublayer shall assume the
Data_Cycle state.

4.5.3.5.2.2.1.4 ID_Cycle_ldle

In this|state the MAC sublayer waits for the beginning of the data transmission. If it rgceives
the firdt character of a data sequence DLPDU (PhICl=user_data) via the DL-Ph interfpce by
means| of a—Ph-DATA.indication primitive, it assumes the ID_Cycle state. Therg is a
transmiission) error if the layer receives the first character of a check sequence DLPDU
(PhICIF€RC_data). The MAC sublayer shall also assume the ID_Cycle state.

If the MAC sublayer receives the request for an identification cycle (PhlCl=data_transfer) via
the DL-Ph interface by means of a Ph-DATA.indication primitive there is an error, and the MAC
sublayer assumes the Await_ID_Cycle state.

If the receive time monitoring circuit responds, there is a transmission error and the MAC
sublayer shall assume the ID_Cycle state. This transmission error is communicated to the
MAC-user in the MAC_Data.confirm primitive after the transmission of the data sequence
DLPDU has been completed.
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4.5.3.5.2.2.2 Data cycle
4.5.3.5.2.2.2.1 Data_Cycle

In this state, the MAC sublayer shall wait for the MAC-user to start an identification or data
cycle. If the MAC-user requests an identification cycle by means of a MAC_Data.request
primitive (cycle=ID_cycle), the MAC sublayer assumes the Await_ID_Request state. If the
MAC-user requests a data cycle by means of a MAC_Data.request primitive
(cycle=data_cycle), it assumes the Data_Cycle_ldle state.

If the MAC receives the beginning of a data cycle via the DL-Ph interface by means of a
Ph-DATA.indication primitive (PhlCl=data_transfer), there is an error and the MAC sublayer
assumgs the ID_Cycle state.

4.5.3.59.2.2.2.2 Await_Data_Cycle

In this|state, the MAC sublayer waits for the beginning of a data cycle. If the MAC suyblayer
receivgs the beginning of a data cycle via the DL-Ph interface)»/by means| of a
Ph-DATA.indication primitive (PhlCl=data_transfer), it assumes the Data VCycle_ldle stafe.

If the feceive time monitoring responds, there is a transmissionerror and the MAC suyblayer
shall apsume the ID_Cycle state. This transmission error is communicated to the MAC-puser in
the MAC_Data.confirm primitive after the transmission of the«data sequence DLPDU hapg been
complgted.

If the] MAC sublayer receives the first character of a check sequence DLPDU
(PhICI¥CRC_data), there is also a transmission errorand the MAC sublayer shall assume the
ID_Cyg¢le state.

If the] MAC sublayer receives the first character of a data sequence DLPDU
(PhIClfuser_data), there is a transmission error and the MAC sublayer shall assuine the
ID_Cy¢le state. This transmission -error is communicated to the MAC-user |n the
MAC_Data.confirm primitive after<\the data sequence DLPDU has been completely
transmiitted.

4.5.3.9.2.2.2.3 Data_Cycle.ldle

In this|state the MAC sublayer waits for the beginning of the data transmission. If it rgceives
the firdt character of (ajdata sequence DLPDU (PhICl=user_data) via the DL-Ph interfpce by
means| of a Ph-DATA.indication primitive, it assumes the Data_Cycle state. Therg is a
transmlfission error-'if the layer receives the first character of a check sequence IDLPDU
(PhICI+CRC _.data). The MAC sublayer shall also assume the Data_Cycle state.

If the NIAC sublayer receives the beginning of an identification cycle with a Ph-DATA.indication
e—PF P—transfer-via-theDi—Ph-interfacethere—is—an—errorand-the— v stiblayer

If the receive time monitoring circuit responds, there is a transmission error and the MAC
sublayer shall assume the Data_Cycle state. This transmission error is communicated to the
MAC-user in the MAC_Data.confirm primitive after the transmission of the data sequence
DLPDU has been completed.

4.5.4 Slave
4.5.4.1 DLPDU structure

The following DLPDU formats are distinguished: data sequence DLPDU and check
sequence DLPDU.
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4.5.4.1.1 Data sequence DLPDU

The MAC sublayer of a slave with the address k shall remove the MACSDU (shown at the
right of Figure 63) from a data sequence DLPDU received via the DL-Ph interface as shown in
Figure 63 and, if the transmission was error-free, transmit this MACSDU via the MAC-user
interface to the MAC-user. The data sequence DLPDU is received from left to right.

MACSDU

IN(k-1) INKk-2) / / IN(1) LBW OUT(n) | OUT(n-1) / / OUT(k)

Conve
DLPDU
receive
DLPDU
the Ph
before

that first the MACSDU sent from the MAC-user is transmitted to~the MAC sublayer an

the red

[ — | ]

Figure 63 — Data sequence DLPDU received by a slave

The data sequence DLPDU is transmitted from left to right in the form of PhiID

eived DLPDU without the MACSDU destined for the MAC:=User.

ACSDU

sely, the MAC sublayer of a slave with the address k shall generate the)data sequence
as shown in Figure 64, by removing the MACSDU destined for its MAC-user frpm the
d data sequence DLPDU and transmitting the rest of the receiyéd data sequence
together with the MACSDU (shown at the left of Figure 64) via.the DL-Ph interface to
L. This MACSDU was transmitted via the MAC-user interface to the MAC sdblayer

Us, so
d then

IN(k) IN(k-1) / / IN(1) LBW OUT(m) | OUT(n-1) / / OUT(k+

4.5.41

For a

transmlits a check sequence DLPDU. For this purpose, the MAC sublayer for the trans
data sequence DLPDU generates a checksum as specified in 4.5.3.3.1, but transmits

redund
sequer

Conve

Figure 64 — Data sequence DLPDU transmitted by a slave

.2 Check sequence DLPDU

secured transmission of.Ghe data sequence DLPDU the MAC sublayer of 4

ant check bits together with the checksum status of a check sequence as a
ce DLPDU viathe/DL-Ph interface to the PhL.

sely, the/MAC sublayer of a slave shall compare the 16-bit checksum of a

sequence DLRDU with the checksum generated for the data sequence DLPDU r¢g
immedjatelysprior and evaluate the checksum status. The result is communicated to the
user.

4.5.4.2 Checksum

See 4.5.3.3.

4.5.4.3 Checksum status

slave
mitted
the 16
check

check
ceived
MAC-

The MAC sublayer of a slave shall evaluate a checksum status according to Figure 65 that
was received in a check sequence DLPDU.

|0|0|O|0|O|0|0|O|r7|r6|r5|r4|r3|r2|r1|r0|

msb Is

Figure 65 — Checksum status received by the slave

b
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For the logical binary values r7...r0 is: r7=r6=r5=r4=r3Ar2ar1Ar0, where "A" represents the bit-
wise AND operator.

NOTE 1 If the expression r3ar2ar1ar0 assumes the value logical 1, both the data sequence DLPDUs and the
checksum between the master and the evaluating device were transmitted without errors.

NOTE 2 If the expression r3Aar2ar1Ar0 assumes the value 0, then a transmission error occurred either when the

data sequence DLPDUs were transmitted or the checksums between the master and the evaluating device.

The checksum status is received from right to left in a check sequence DLPDU immediately
after the checksum has been received. The Isb is transmitted first and the msb last.

Conversely, the MAC sublayer of a slave shall generate a checksum status according to
Figure66-

|0|0|O|0|O|0|O|O|t7|t6|t5|t4|t3|t2|t1|t0|

ms sb

Figure 66 — Checksum status generated by the slave

The logical binary values t7...t0 mean the following:
t0 = CRC _receive_erroraArOARxSL_Error

t1 = tOhr1
t2 = t1hr2
t3 = t2hr3

t7 = t6Ft5=t4=t3
Here rB...r0 represent the corresponding binary values of the received checksum status and
"A" thel bit-by-bit AND operator.

NOTE 3| If the data sequence DLPDU received last did\not contain any errors, that is, the checksum receiyed next
in a chgck sequence DLPDU is identical with the checksum generated from the data sequence DLPDU feceived
last, the]CRC_receive_error assumes the value logical 1 and otherwise the value logical 0.

The clhecksum status is transmitted)in a check sequence DLPDU immediately affer the
checkqum has been transmitted, starting with the Isb and ending with the msb.

4.5.4.4 Bus access control

Figure|67 and Figure 68together show the protocol machine of the MAC sublayer of a slave
for the|bus access cohtrol.
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Reset

fffffffff Idle

Data_Cycle
Request

ID_Cycle_
Request

Data_Transfer

Transfer

—>

Figure 67 — State transitions of the MAC sublayer of a slave: data sequence
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4.5.4.4.1 Basic state
Idle

In this state the MAC sublayer shall first set the checksums for the data sequence DLPDU to
be received via the DL-Ph interface and the data sequence DLPDU to be transmitted to its
initial value and then wait for the receipt of a Ph-DATA.indication primitive.

If the MAC sublayer receives the request for an identification cycle (PhICI=ID_transfer) via the
DL-Ph interface by means of a Ph-DATA.indication primitive, it shall assume the
ID_Cycle_Request state. If it receives the request for a data cycle (PhlCl=data_transfer), is
shall assume the Data Cycle Request state

If the MAC sublayer receives the first character of a data sequence DLPDU viasthe [DL-Ph
interfage by means of a Ph-DATA.indication primitive (PhlCl=user_data), it_shall take the
MACSDU to be transmitted from the Data_Transmit buffer, generate the ,data sequence
DLPDUY to be transmitted and assume the Data_ Transfer state. While ‘the MACSDU is
accepted, any other access to the Data_Transmit buffer is locked.

An errpr occurred if the MAC sublayer receives a character of a check sequence DLHDU by
means|of a Ph-DATA.indication primitive (PhICI=CRC_data) via the)DL-Ph interface. The MAC
sublayger shall assume the CRC_Data_Transfer state in order‘té/start to receive and tjansmit
the check sequence DLPDU.

NOTE [The MAC sublayer also assumes this state after power on or areset.
4.5.4.4.2 Data sequence

ID_Cy¢le_Request

In thi§ state the MAC sublayer shall srequest an identification cycle by meang of a
Ph-DATA.request primitive (PhICI=ID_transfer). The PhL confirms the request with a
Ph-DATA.confirm primitive. Before_that, the management is informed by meang of a
MAC_[Event.indication primitive (IBCycle_Request).

If the MAC sublayer receives\the first character of a data sequence DLPDU by means of a
Ph-DATA.indication primitive (PhICl=user_data) via the DL-Ph interface, it shall assume the
Data_Transfer state. While'the MACSDU is accepted.

If the MAC sublayer\receives the request for a data cycle (PhICl=data_transfer) via the|DL-Ph
interfage by means-of a Ph-DATA.indication primitive, it shall assume the Data_Cycle_Rpquest
state.

An errpr.gecurred if the MAC sublayer received a character of a check sequence DLHDU by
means = Trdicati Tt = — i =Pt —Tte MAC
sublayer shall assume the CRC_Data_Transfer state in order to begin to receive and transmit
the check sequence DLPDU.

Data_Cycle_Request

In this state the MAC sublayer shall request a data cycle by means of a Ph-DATA.request
primitive (PhICl=data_transfer). The PhL confirms the request with a Ph-DATA.confirm
primitive. Before that, the management is informed by means of a MAC_Event.indication
primitive (Data_Cycle_Request).

If the MAC sublayer receives the first character of a data sequence DLPDU by means of a
Ph-DATA.indication primitive (PhlCl=user_data) via the DL-Ph interface, it shall assume the
Data_Transfer state.
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If the MAC sublayer receives the request for an identification cycle (PhICI=ID_transfer) via the
DL-Ph interface by means of a Ph-DATA.indication primitive, it shall assume the
ID_Cycle_Request state and accept the data from the ID_Transmit_Buffer.

An error occurred if the MAC sublayer received a character of a check sequence DLPDU by
means of a Ph-DATA.indication primitive (PhICI=CRC_data) via the DL-Ph interface. The MAC
sublayer shall assume the CRC_Data_Transfer state in order to begin to receive and transmit
the check sequence DLPDU.

Data_Transfer

In this state; the MACsubtayerstattreceive the datasequence BEPBUtobetramsmritied bit-
by-bit via DL-Ph interface to the MAC sublayer by means of Ph-DATA.indication~primitives
(PhIClfuser_data) and on its part transmit the data sequence DLPDU to be seni®it=by-bit by
means|of Ph-DATA.request primitives (PhICl=user_data) via the DLL-PhL interface’to tHe PhL.
The transmission of a character is confirmed to the MAC sublayer with a_ Ph-DATA.¢onfirm
primitiye.

The dgta sequence DLPDU to be sent is transmitted synchronously. with the receipt of|a data
sequelnce DLPDU, that is, each Ph-DATA.indication primitive with PhiCl=user_data causes the
sending of a Ph-DATA.request primitive with PhICl=user_data.

If the MAC sublayer receives the beginning of an identification cycle (PhICI=ID_transfer) via
the DL}-Ph interface by means of a Ph-DATA.indication pfimitive, the MAC sublayer shall first
termingte the receipt and the transmission of the data.sequence DLPDUs and then gssume
the ID [Cycle_Request state.

If the MAC sublayer receives the beginning of -a data cycle (PhIiCl=data_transfer), the MAC
sublaygr shall first complete the receipt and. the transmission of the data sequence DL PDUs
n assume the Data_Cycle_Request state.

AC sublayer is notified with a Ph-DATA.indication primitive (PhICl=user_data_iqdle) via
the DL{Ph interface that the Data_ldle’state was detected on the bus, it completes the feceipt
and trgnsmission of the data sequence DLPDUs and assumes the Data_ldle state.

If the MAC sublayer receives‘the first character of a check sequence DLPDU by means of a
Ph-DATA.indication primitive (PhlICI=CRC_data) via the DL-Ph interface, it shall terminate the
receipfl and the transmigssion of the DLPDUs, generate the received MACSDU and assume the
CRC_[Data_Transfer state.

Data_ldle

s of a
e the

If the [MAC sublayer receives the character of a data sequence DLPDU by mean
Ph-DATANNdication primitive (PhICl=user_data) via the DL-Ph interface, it shall assu
Data_ f i f

If the MAC sublayer receives the beginning of an identification cycle (PhICI=ID_transfer) via
the DL-Ph interface by means of a Ph-DATA.indication primitive, the MAC sublayer shall
terminate the reception and the transmission of the DLPDUs by means of data sequence.
Additional the MAC turns into the ID_Cycle_Request state.

If the MAC sublayer receives the beginning of a data cycle (PhiCl=data_transfer), the MAC
sublayer shall first terminate the receipt and the transmission of the data sequence DLPDUs
and then assume the Data_Cycle Request state. In addition, the error flag RxSL_Error is set.

If the MAC sublayer receives the first character of a check sequence DLPDU by means of a
Ph-DATA.indication primitive (PhICI=CRC_data) via the DL-Ph interface, it shall terminate the
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receipt and transmission of the DLPDUs, generate the received MACSDU and assume the
CRC_Data_Transfer state. In addition, the error flag RxSL_Error is set.

4.5.4.4.3 Check sequence

CRC_Data_Transfer

In this state, the MAC sublayer shall receive the checksum transmitted by means of the
Ph-DATA.indication primitive (PhICI=CRC_data) via the DL-Ph interface to the MAC sublayer
and on its part transmit the checksum to be sent by means of Ph-DATA.request primitive
(PhICI=CRC_data) via the DL-Ph interface to the PhL. The checksums are received and
transmij i ission of a
character is confirmed to the MAC sublayer with a Ph-DATA.confirm primitive.

r occurred if the MAC sublayer receives a character of a data sequence IDLPDU
instead of a checksum character with a Ph-DATA.indication primitive (PhICI=User_Data). In
this case, the MAC sublayer shall treat the received character like the* character of a
checkqum, transmit on its part the next character to be sent of its checksum by meanps of a
Ph-DATA.request primitive (PhICI=CRC_data) via the DL-Ph interface,to.the PhL and cgntinue
to recdive and transmit the checksums.

The transmission of the check sequence DLPDU to be sent istdone synchronously with the
receip of the check sequence DLPDU, that is, each Ph-DATA.indication primitive with
PhICIHCRC_data causes the sending of a Ph-DATA.request primitive with PhICI=CRC_data.

After the checksums have been completely received. and transmitted, the MAC sublaygr shall
assumg the Check _CRC state to compare the received checksum with the one genergted by
the laygr itself.

If the MAC sublayer is notified via the DE=Ph interface by means of a Ph-DATA.indication
primitive (PhICI=CRC_data_idle) that the"CRC_Data_Idle state was detected on the |bus, it
interrupts the receipt and the transmission of the check sequence DLPDUs and assunjes the
CRC_Data_ldle state.

CRC_Data_ldle

In this [state, the MAC sUblayer shall request the CRC_Data_ldle state on the bus by me¢ans of
a Ph-DATA.request primitive (PhICI=CRC_data_idle) via the DL-Ph interface. The PhL
confirms the request'with a Ph-DATA.confirm primitive.

If the NIAC sublayer receives a character of a check sequence DLPDU via the DL-Ph inferface
by means of @ Ph-DATA.indication primitive, it shall assume the CRC_Data_Transfer stdte, if it
was a [che s. If it
was the—i ara of-a—checkstm—status —statt v abtayer shall
assume the CRC_Status_Transfer state and begin to receive and transmit the checksum

status.

An error occurred if the MAC sublayer receives a character of a data sequence DLPDU. In
this case the MAC sublayer shall treat the received character like the character of a checksum
and assume the CRC_Data_Transfer state.

Check_CRC

In this state the MAC sublayer shall compare the received checksum with the one previously
generated of the last data sequence DLPDU. If both checksums are identical, the data
sequence DLPDU received last was received without errors, and the CRC_receive_error flag
assumes the value logical 1. Otherwise, there is a transmission error and the
CRC_receive_error flag assumes the value logical 0.
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If the MAC sublayer receives the first character of the checksum status (PhICI=CRC_status)
via the DL-Ph interface by means of a Ph-DATA.indication primitive, the MAC sublayer shall
assume the CRC_Status_Transfer state and begin to receive and transmit the checksum
status.

If the MAC sublayer is communicated via the DL-Ph interface by means of a
Ph-DATA.indication primitive (PhICI=CRC_data_idle) that the CRC_Data_Idle state was
detected on the bus, then it interrupts the receipt and the transmission of the check sequence
DLPDUs and assumes the CRC_Data_ldle state.

CRC_Status_Transfer

In this|state the MAC sublayer shall receive the checksum status transmitted by~-mgans of
Ph-DATA.indication primitive (PhICI=CRC_status) via the DL-Ph interface to the MAC syblayer
and trgnsmit on its part the checksum status to be sent by means of Ph-DATA.request
primitive (PhICI=CRC_status) via the DL-Ph interface to the PhL. The checksum statudes are
receivgd and transmitted character by character in a check sequence DLPDU. The
transmjission of a character is confirmed in the MAC sublayer with\a Ph-DATA.¢onfirm
primitiye.

The cHleck sequence DLPDU to be sent is transmitted synchronously with the receipt| of the
check [sequence DLPDU, that is, each Ph-DATA.indication primitive with PhICI=CRC | status
causeq the sending of a Ph-DATA.request primitive with PhICI+CRC_status.

After the first four characters of the checksum statuses (r0...r3 and t0...t3) havg been
complegtely received, the MAC sublayer shall assume the Check Receive_ Error state in order
to transfer the received MACSDU to the MAG:user when the transmission of thg data
sequence DLPDU received last contained an error.

After the first eight bits of the checksum-status (r0...r7 and t0...t7) have been completely
receivgd and transmitted, the MAC sublayer shall assume the IBS_Cycle_End state to| report
the end of a DLPDU cycle to the MAC-user.

If the] MAC sublayer is gcommunicated via the DL-Ph interface by means| of a
Ph-DATA.indication primitive (PhlICI=CRC_status_idle) that the CRC_Data_ldle stafe was
detected on the bus, it interrupts the receipt and the transmission of the check sequence
DLPDUs and assumes thesCRC_Status_Idle state.

Check| Receive_Error

In this|state,—the MAC sublayer shall evaluate the logic state of the fourth character [t3 that
was transmitted last of the checksum status to be transmitted. If the binary value lopical 1
was transmitted with the character t3, the data sequence DLPDU received lagt was
transmitted—withouterrors T thistase, the MAC subtayer stattgemeratethe MACSDU from
the received data sequence DLPDU, make it available to the MAC-user and communicate this
event to the user by means of a MAC_Data.indication primitive. If the data sequence DLPDU
originates in an identification cycle, the MACSDU is transmitted in the ID_Receive_Buffer,
otherwise in the Data_Receive_Buffer.

A transmission error was recognized when the binary value of logical 0 was transmitted with
the character t3. The MAC sublayer shall first destroy the data sequence DLPDU received last
and, in this case, shall send no message to the MAC-user.

If the MAC sublayer receives a character of a check sequence DLPDU by means of a
Ph-DATA.indication primitive (PhlICI=CRC_status) via the DL-Ph interface it shall assume the
CRC_Status_Transfer state and continue to receive the transmission of the check sequence
DLPDUs with the checksum status.
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IBS_Cycle_End

In this state the MAC sublayer shall report to its MAC-user the end of a DLPDU cycle on the
DL-subnetwork by means of a MAC_Event.indication primitive (IBS_Cycle_End) and then set
the checksums for the data sequence DLPDU to be received via the DL-Ph interface and for
the data sequence DLPDU to be transmitted to their initial values. In addition the flags
CRC_Receive Error and RxSL_Error are to be set to false.

If the MAC sublayer receives the Ph-DATA.indication primitive (PhICI=ID_Transfer) upon the
complete receipt of the check sequence DLPDU, it assumes the ID_Cycle_Request state.

If the N
complg

If the MAC sublayer receives the Ph-DATA.indication primitive (PhlClI=User_data) up

complg

NOTE [This message is used to synchronize the MAC-users of the devices.

CRC_$tatus_ldle

In this

of a ELh-DATA.request primitive (PhICI=CRC_status_idle) via.the DL-Ph interface. Th

confir

If the
Ph-DAT
data f
receive

4.5.5

4.5.51

4.5.5 describes the services/which the MAC makes available to the MAC-user. Fig

shows

te receipt of the check sequence DLPDU, it assumes the Data_CycITa_Request S

te receipt of the check sequence DLPDU, it assumes the Data_Transfer State.

s the request with a Ph-DATA.confirm primitive.

and transmit the check sequence DLRDUs with the checksum status.

MAC-User — MAC interface

General

the interface between the MAC-user and the MAC in the layer model.

DLS-user DLMS-user
I —
DLI

Layer 2 PDL
DLL

BLL PNM2

MAG
Layer 1 PhL PNM1

Figure 69 — Interface between MAC-user and MAC in the layer model

on the
ate.

on the

state, the MAC sublayer shall request the CRC_Status “\ldle state on the bus by means

e PhL

MAC sublayer receives a character of a check sequence DLPDU by meang of a
[A.indication primitive (PhICI=CRC_status).via the DL-Ph interface, it shall accg¢pt the
'om the Data_Transmit_Buffer, assume>the IBS_Cycle End state and contipue to

ure 69
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4.5.5.2 Overview of the services

The MAC makes the MAC_Cycle service available to the MAC-user. This service is described
through the following service primitives:

MAC_Cycle

— MAC_Put_Data.request
— MAC_Put_Data.confirm
— MAC_Get_Data.request
— MAC_Get Data.confirm
— MAC_Data.request

— MAC_Data.confirm

— MAC_Data.indication

4.5.5.3 Interactions at the MAC-user interface

Figure|70 and Figure 71 show exemplary sequences of interactions at\the MAC-user interface
for an |dentification cycle and subsequent data cycle.

MAC user MAC

NIAC_Put_Data.req(ID_transmit, MACSDU) H
«€———<~— MAC_Put_Data.con(ID_transmit, OK)

MAC_Data.req(ID_cycle) )

< MAC_Data.con(ID_cycle, OK)

MAC_Get_Data.req(ID_receive) H
% MAC_Get_Data.con(ID_receive, OK, MACSDU)

MAL_Put_Data.req(data_transmit, MACSDU) %
% MAC_Put_Data.con(data_transmit, OK)

MAC Data.req(data_cycle) H‘

( MAC_Data.con(data_cycle, OK)
MAC_Get_Data.req(data_receive) H

% MAC_Get_Data.con(data_receive, OK, MACSDU)

Figure 70 — Interactions at the MAC-user interface (master)
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MAC user MAC

MAC_Put_Data.req(ID_transmit, MACSDU) ———————>
% MAC_Put_Data.con(ID_transmit, OK)

MAC_Put_Data.req(data_transmit, MACSDU) H
% MAC_Put_Data.con(data_transmit, OK)
% MAC_Data.ind(ID_cycle)

MAC_Get_Data.req(ID_receive) H
«€————— MAC_Get_Data.con(ID_receive, OK, MACSDU)

s

AC_Put_Data.req(ID_rransmit, MACSDU) H

«€————— MAC_Put_Data.con(ID_transmit, OK)
MAL_Put_Data.req(data_transmit, MACSDU) H
% MAC_Put_Data.con(data_tfansmit, OK)

< MAC_Data.ind(data. cycle)

MAC_Get_Data.req(data_receive) H
% MAC_Get, Data.con(data_receive, OK, MACSDU)

\ \

Figure 71 — Interactions at the MAC-user interface (slave)

4.5.5.] Detailed definitions of the services 'and interactions

4.5.5.4.1 MAC_Put_Data.request (buffery MACSDU)

With this service primitive the MAC-user makes the data to be transmitted available|to the
MAC spblayer. The parameters have the following meanings:

buffer

This pprameter determines the memory area which is to store the data transmitted |by the
MAC-user. Two memory areas are defined:

buffer = ID(transmit
This memory area is available to the management of the master for the transmission of
control‘\codes and the slave for the device codes and is transmitted in an identillication
cydé.

buffer = data_transmit
This memory area is available for the transmission of user data and is transmitted in a
data cycle.

MACSDU:

This parameter contains the data to be transmitted. The data quantity depends on the number
and type of devices in the one-total-DLPDU.

4.5.5.4.2 MAC_Put_Data.confirm (buffer, status)

This service primitive is the confirmation of the MAC sublayer for a MAC_Put_Data.request
primitive. The parameters have the following meanings:
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buffer:

This parameter has the same meaning as for the MAC_Put_Data.request primitive.

status:

This parameter indicates the result of the data transfer and can assume the following values:

status = OK
The data passed on with the MAC_Put_Data.request primitive could be accepted by the
MAC sublayer.

stajus = NO
The data passed on with the MAC_Put_Data.request primitive could not bé Jaccepted by
thel MAC sublayer, since the requested memory area was occupied whemthe data was
trapsmitted.

The MAC-user is responsible for the response to this service primitive.

4.5.5.4.3 MAC_Get_Data.request (buffer)

been f{ransmitted from one device via the medium to, the MAC sublayer. The data is
transmlfitted by means of a MAC_Get_Data.confirm primitive from the MAC sublayer|to the
MAC-User.

With jis service primitive the MAC-user requests data from the MAC sublayer which has

The pgrameters have the following meanings:

buffer

This parameter determines the memary area which contains the data to be transmitted| to the
MAC-user. Two memory areas are defined:

buffer = ID_receive
This memory area is_available to the MAC-user on the slave for the storage of fontrol
codes and the master\for device codes which were transmitted in an identification cycle.

buffer = data_receive
This memory<area is available to the MAC-user for the storage of user data whi¢ch was
trapsmittedsin a data cycle.

4.5.5.4.4<MAC_Get_Data.confirm (buffer, status, MACSDU)

This service primitive is the confirmation of the MAC sublayer to a MAC_Get_Data.request
primitive. With this primitive the MAC sublayer transmits the received MACSDU from last
DLPDU cycle to the MAC-user.

The parameters have the following meanings:
buffer:

This parameter has the same meaning as for the MAC_Get_Data.request primitive (as
specified in 4.5.5.4.3).
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This parameter indicates the MAC-user the result of the data transmission and can assume

the foll

owing values:

status = OK
The data could be transmitted to the MAC-user.

status = NO
The requested data could not be transmitted to the MAC-user.

MACS

If statd

servicq.

The M

4.5.5.4.5 MAC_Data.request (cycle)

With t
DLPDU
means

The p3
cycle:
cydg
An
the

Cyo
Ad

4.5.5.4.6 MAC_Data.confirm (cycle, status)

This s
primiti
primiti

The p3

U:

s = OK this parameter contains the data read in during the last messag¢ transn

\C-user is responsible for responding to this service primitive.

nis service primitive the MAC-user of an active devicé/(master) starts a m
cycle. The data to be transmitted was previously trabsferred to the MAC sublzg
of a MAC_Put_Data.request primitive before.

rameters have the following meanings:

le = ID_cycle
identification cycle is started to ttansmit the control codes to the slaves and to r
device codes of the slaves.

le = data_cycle
ata cycle for the transmission of user data between the master and the slaves.

ervice primitive is the confirmation of the MAC sublayer for a MAC_Data.r
e. It indicates that the DLPDU cycle, started by means of the MAC_Data.n
e, was\terminated positively or negatively.

rameters have the following meanings:

hission

pssage
yer by

equest

equest
equest

cycle:

This parameter has the same meaning as for the MAC_Data.request primitive.

status

This parameter indicates whether the requested data transmission could be carried out
successfully (status = OK), or whether an error occurred during the data transmission (status

= NO).

The MAC-user is responsible for the response to this service primitive.
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.7 MAC_Data.indication (cycle)

With this service primitive the MAC sublayer indicates to the MAC-user that new data is
available from a valid identification cycle or a valid data cycle. The MAC-user can use this
data by means of a MAC_Get_Data.request primitive.

The pa

cycle:

rameter has the following meaning:

This parameter indicates whether the received data stems from an identification cycle or a

data C U:U (JII\:!’l ;II vvh;uh IIIUIIIUIy arcvdad ;t ;O ava;:ablc tU thU InV‘III_\\C UoTrT. TVVU VO:UUO arc d fined
cydle = ID_cycle
Control and/or ID data was received in an identification cycle. This data iscavailablg to the
MA|C-user in the ID_receive buffer.
cydle = data_cycle
Usé¢r data for the process data channel and the Parameter data channel was receivged in a
datp cycle. This data is available to the MAC-user in the data seceive buffer.
The MAC-user is responsible for responding to this service pfimitive.
4.5.6 MAC-PNM2 interface
4.5.6.1 General
The management of the MAC is part of the MAC that provides the management functionality
of the [MAC requested by the PNM2. The management of the MAC handles the initialigzation,
the mahnitoring and the error recovery in thesMAC.
4.5.6 defines the administrative MAC(management services which are available to the PNM2,
together with their service primitives and the associated parameters. Figure 72 shows the

interfa

e between MAC and PNM2'in the layer model.

DLS-user DLMS-user
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Laverd
PRC PNNVIT

The se

Figure 72 — Interface between MAC and PNM2 in the layer model

rvice interface between MAC and PNM2 makes the following functions available.

— Reset of the MAC.
— Request and change of the current operating parameters of the MAC.

— Indication of unexpected events, errors, and status changes which occurred or were

det

ected in the MAC.
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4.5.6.2 Overview of the services
The MAC makes the following services available to the PNM2.

— Reset MAC.
— Set Value MAC or Get Value MAC.
— Event MAC.

The MAC services are described by primitives (beginning with MAC_...).

4.5.6.2.1 Reset MAC

The PINM2 uses this required service to reset the MAC. The reset is equivalent to_power on.

Upon gxecution, the PNM2 receives a confirmation.

Servicé primitives:

— MAC_Reset.request
— MAC_Reset.confirm

4.5.6.2.2 Set Value MAC

The PNM2 uses this optional service to set a new valye to the MAC variables.

Upon

completion, the PNM2 receives a confirmation from the¢{MAC whether the defined variables

assumgd the new value.

Servicé primitives:

— MAC_Set Value.request
— MAC_Set Value.confirm

4.5.6.2.3 Get Value MAC

The PINM2 uses this optional service to read the variables of the MAC. The current v
the defined variable is transmijtted in the response of the MAC.

Servicg primitives:

— MAC_Get_Value.request
— MAC_Get_Value:.confirm

4.5.6.2.4 Event MAC

alue of

The MAC{uses this required service to inform the MAC-user about certain events or efrors in

the MAC:

Service primitive:

— MAC_Event.indication

4.5.6.3 Overview of the interactions

Figure 73 and Figure 74 show the time relations of the services primitives:
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Figure 73 — Reset, Set Value and Get Value MAC services

PNM 2 MAC

MAC_Event.ind

Figure 74 — Event MAC service

4.5.6.] Detailed definitions of the services and interactions

4.5.6.4.1 MAC_Reset

The MAC_Reset service is mandatory. The PNM2 transféers a MAC_Reset.request primjtive to

the MAC to reset it (see Table 39).

Table 39 — MAC_Reset

Parameter name

Request

Confirm

Argyiment

Redult(+)

M

4.5.6.4.2 MAC_Set_Value

The MAC_Set Value service is optional. The PNM2 transfers a MAC_Set Value.request
primitive to the MAC in order to set a defined MAC variable to a desired value. After regeipt of
this primitive, the MAC tries to select the variable and to set the new value. Upon completion,

the MAC transmits'a MAC_Set_Value.confirm primitive to the PNM2 (see Table 40).

Table 40 — MAC_Set_Value

Parameter name Request | Confirm
Argument M
variable_name M
desired_value M
Result(+) M

variable_name:

This parameter defines the MAC variable which is set to a new value.
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This parameter declares the value for the new MAC variable.

Table 41 provides information on which MAC variables may be set to which new values.

Table 41 — MAC variables

Name of MAC variable

Value range

Remarks

Loopback_word (LBW)

Bit 15 =1,

Bit 14 to Bit 4 are used for setting the LBW,

master side only

(see 4.5.3.2)

bit 5 10 bit U are used as DLFDU counter

Time_timeout

Value will be defined from the system
management and depends from the actual
configuration of the DL-subnetwork

master side_only

4.5.6.4.3 MAC_Get_Value

The MAC_Get_Value service is optional. The PNM2 transfersa MAC_Get_Value.request
primitiye to the MAC to read out the current value of a specifieddMAC variable. After regeipt of
this primitive, the MAC tries to select the specified variable and'to transmit its current vplue to

the PN[M2 with a MAC_Get_Value.confirm primitive (see Table 42).

Table 42 — MAC_Get{Value

Parameter name Request Confirm
Argtiment M
variable_name M
Resjult(+) M
current_value M

variabje_name:

This parameter defines MAC variable the value of which is to be read out.

desired_value:

This parameter-contains the read-out value of the MAC variable.

The MIAC variables to be read are exactly those variables that can be written to with the

MAC_Set_Vvalue.

4.5.6.4.4 MAC_Event

The MAC_Event service is mandatory. The MAC transfers a MAC_Event.indication primitive to
the PNM2 to inform it about important events or errors in the MAC (see Table 43).

Table 43 — MAC_Event

Parameter name Indication
Argument M
event M
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This parameter defines the event which occurred or the error source in the MAC and can
assume the following values (see Table 44):

Table 44 — MAC_Event

Name Meaning Mandatory/optional
data_cycle_request | The request for a data cycle was detected on the transmission 0
medium.
ID_cycle_request The request for an identification data cycle was detected on the O
transmission medium.
IBS_cyc]e_end A DLPDU cycle is ended. 1\
data_no|se Before an identification or data cycle was started, characters of a M
data sequence DLPDU had been received. (bus master only)
CRC_ndise Before an identification or data cycle was started, characters of a M

check sequence DLPDU had been received. (bus master only)

4.6 Peripherals network management for layer 2 (PNM2)

4.6.1 Functionality of the PNM2

The mpnagement for layer 2 (PNM2) handles the initialization, the monitoring and thge error
recovery between PNM2-user and the logical functions in the MAC, BLL and PDL (see

Figure|75).

DLS,user

DLMS user

Layer2

DLL

DLI

PDL

BLL

PNM2

MAC

Layer 1

PhL

PNM1

Figure 75 — Location of the PNM2 in the DLL

4.6.2 PNM2-User-PNM2 interface

4.6.2.1 General

4.6.2 defines the administrative PNM2 (Peripherals Network Management for the layer 2)
services which are available to the PNM2-user, together with their service primitives and the
associated parameters. Figure 76 shows the interface between PNM2-user and PNM2 in the

layer model.
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DLS user DLMS user
>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1

Figure 76 — Interface between PNM2-user and PNM2 in the layer model

The s€frvice interface between PNM2-user and PNM2 makes the following functionsyavajilable.

— Regset of the layer 2 (local)

— Regquest and change of the current operating parameters of PDL, BLL,-MAC (local)
— Indjcation of unexpected events, errors, and status changes (local and'remote)

— Reagad-out of the active DL-subnetwork configuration

— Reagad-out of the current DL-subnetwork configuration

— Sefting of a certain DL-subnetwork configuration.

4.6.2.2 Overview of the services

4.6.2.2.1 Available services

The PNM2 makes the PNM2-user the following services available.

— Resget PNM2

— Sef Value PNM2 or Get Value PNM2

— Evént PNM2

— Geft Current Configuration PNM2 (master only)
— Geft Active Configuration PNM2 (master only)

— Sef Active Configuration.PNM2 (master only).

4.6.2.2.2 Reset PNM2

The PNM2-usersuses this required service to cause the PNM2 to reset Layer 2 (DLL) and
itself. The resget)is equivalent to power on. The PNM2-user receives a confirmation for this
servicq.

Service_primitives:

— PNM2_Reset.request
— PNM2_Reset.confirm

4.6.2.2.3 Set value PNM2

The PNM2-user uses this optional service to set a new value to the variables of the layers 1
or 2. It receives a confirmation on whether the defined variables assumed the new value.

Service primitives:

— PNM2_Set Value.request
— PNM2_Set_Value.confirm
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4.6.2.2.4 Get value PNM2

The PNM2-user uses this optional service to read out variables of the layer 2. The current
value of the defined variable is transferred in the response of the PNM2.

Service primitives:

— PNM2_Get_Value.request
— PNM2_Get_Value.confirm

4.6.2.2.5 Event PNM2

The PNM2 uses this required service to inform the PNM2-user on certain events orsefrors in
the layer 2.

Servicg primitive:
— PNM2_Event.indication
4.6.2.2.6 Get current configuration PNM2 (master only)

The HNMZ2-user of the master uses this required service._to read out the c¢urrent
DL-suljnetwork configuration.

Servicg primitives:

— PNM2_Get_Current_Configuration.request
— PNM2_Get_Current_Configuration.confirm

4.6.2.2.7 Get active configuration PNM2 (master only)

The PNM2-user of the master uses this re€quired service to read out the active DL-subnetwork
configyration.

Service primitives:

— PNM2_Get_Active_Configuration.request
— PNM2_Get_Active_@Canfiguration.confirm

4.6.2.2.8 Set active configuration PNM2 (master only)

The PNM2-usery'of the master uses this required service to set a certain DL-subnetwork
configyration.

Service primitives:

— PNM2_Set_Active_Configuration.request
— PNM2_Set_Active_Configuration.confirm

4.6.2.3 Overview of the interactions

The PNM2 services are described by the following primitives (beginning with PNM2_...):

Figure 76, Figure 77, Figure 78 and Figure 79 show the time relations of the services
primitives:
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Master Slave

PNM2_XXX.req

PNM2_XXX.con

Figure 77 — Reset, Set Value, Get Value and Get Active Configuration services

Master Slave

PNM2_Event.ind ‘

Figure 78 — Event PNM2 service

Slave n

Slave 2

PNM1/2_Event.ind

Master e1
PNM1/2_Set_Active_Configuration.req : |

PNM1/2_Event.ind

PNM1/2_Eveniind
PNM1/2_Eventind &
PNM1/2_Eventind &
PNM1/2_Eventind  *
AN
PNM1/2_Eventind  *
PNM1/2_Set_Acjive. Configuration.con - '
N

Figure 79 — Set Active Configuration, Get Current Configuration service

4.6.2.4 Detailed definition of the services and interactions
4.6.2.4.1 PNM2_Reset

The PNM2_Reset service is mandatory. The PNM2-user passes a PNM2_Reset.request
primitive to the PNM2 to cause it to reset the layer 2.

After the confirmations of the PDL, BLL and MAC by means of corresponding confirmation
primitives the PNM2 resets itself and communicates a PNM2_Reset.confirm primitive to the
PNM2-user (see Table 45).
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Table 45 - PNM2_Reset

Parameter name Request Confirm
Argument M
Result(+) S
M_status (=OK) M
Result(-) S
M_status (NOK) M

M_status-

This parameter contains a confirmation on the execution of the service. The following ppssible
values|are defined (see Table 46):

Table 46 — M_status values of the PNM2_Reset

Value Meaning

OK Positive confirmation; the reset function was carried out successfully.

NOK Failure

4.6.2.4.2 PNM2_Set_Value

The PNM2_Set Value-Service is optionaly The PNM2-user transfers a
PNM2|Set Value.request primitive to the PNM2 to set a defined variable of the layer|2 to a
requested value. The management transmits\ihe individual PDL, BLL, MAC and/or PBh-SET-
VALUE request primitives to the corresponding layers and sends a PNM2_Set_Value.¢onfirm
primitive to the PNM2-user after it has teceived all associated confirmation primitivgs (see
Table 47).

Table 47 - PNM2_Set_Value

Parameter name Request Confirm

Argyiment M

variable_name M

desired_value M
Resjult(+) S

M_statusA(=0K) M
Result(-) S

M_status (#OK) M

variable_name:

This parameter contains a variable of the PDL, BLL or MAC. The selectable variables are
defined in the corresponding subclauses of the individual layers.

desired_value:

This parameter contains a value for the selected variable. The permitted values or value
ranges are determined in the corresponding subclauses of the individual layers.
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This parameter contains a confirmation on the execution of the service. The following possible
values are determined (see Table 48):

Table 48 — M_status values of the PNM2_Set_Value

Value Meaning
OK Positive confirmation; the variable has the new value.
NO The variable does not exist or could not assume the new value.

tvatid-parametersmtheTequest

4.6.2.4.3 PNM2_Get_Value

The PNM2_Get_Value service is optional. The PNM2-user”* transfefs a
PNM2 | Get_Value.request primitive to the PNM2 in order to read out thé/current valye of a
specified variable of the layer 2. The management transfers the individual PDL, BLLY, MAC
and/or| Ph_Get Value.request primitives to the corresponding~ layers and sepds a
PNM2|Get_Value.confirm primitive with requested values i@ the PNM2-user after all
associated confirmation primitives have been received (see Table-49).
Table 49 — PNM2_Get_Value
Parameter name Request Confirm
Argument M
variable_name M
Result(+) S
current_value M
M_status (=OK) M
Result(-) S
M_status (#OK) M
variabje_name:
This parameter contains“a variable of the PDL, BLL, MAC or PhL. The selectable variables
are defined in the corresponding subclauses of the individual layers.
current_value:

This parrameter receives the current value for the selected variable.

M_status:

This parameter contains a confirmation about the execution of the service. The following
possible values are defined (see Table 50).

Table 50 — M_status values of the PNM2_Get_Value

Value Meaning
OK Positive confirmation; the variable could be read.
NO The variable does not exist or could not be read.
\Y Invalid parameters in the request
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4.6.2.4.4 PNM2_Event

The PNM2_Event-Service is mandatory. After receipt from PDL, BLL and MAC a indication
the PNM2 transfers a PNM2_Event.indication primitive to the PNM2-user to inform it about
important events or errors in the layers. After DL-subnetwork errors have been reported, the
PNM2 carries out a configuration check. If the configuration differs from the configuration prior
to the DL-subnetwork error, the PNM2 automatically generates an event with information on
the configuration change (see Table 51).

event:

This pxrameter defines the event which occurred or the error cause-~ The possible valy

define
errors

add_in

This parameter contains additional information about the events or errors which occurred.

4.6.2.4.5 PNM2_Get_Current."Configuration

The P
DL-suk
slaves
param
be detd

Table 51 - PNM2_Event

Parameter name Indication
Argument M
event M
add_info C

in the corresponding subclauses of the respective layers. The possible values
which occurred in the PNM2 are defined in Table 52.

Table 52 — MAC Events

Name Meaning

Configuration_change [The configuration of the!DL*subnetwork changed during operation

fo:

NM2-user of the master uses this service to read out the current configuration
and transfers the-detected configuration to the PNM2-user in the current_config

pter. The configuration of the DL-subnetwork after the service has been execut
brmined with the network_configuration parameter(see Table 53).

Table 53 — PNM2_Get_Current_Configuration

es are
of the

of the

network. To do sexthe PNM2 carries out ID cycles to detect the currently conphected

uration
ed can

curren

Parameter name anlln:f Confirm
Argument M
network_configuration M
Result(+) S
current_configuration M
Result(-) S
error_type M

t_configuration:

This parameter contains the current configuration of the DL-subnetwork. The parameter is
equivalent to the active_configuration parameter of the Get_Active_Configuration service.
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network_configuration:

This parameter defines the configuration of the DL-subnetwork after the service has been
carried out.

Closed: The outgoing interfaces of all slaves are closed.

Open:

The outgoing interfaces of all slaves are open.

error_type:

This p

causesy:

— An
— No

add_in

This plarameter provides additional information about the errér)cause (for exampl

segme

4.6.2.4.6 PNM2_Get_Active_Configuration

The P

DL-subnetwork. The PNM2 transfers the (.currently active configuration i
active |configuration parameter to the PNM2-user. To provide the service, the PNM2 dd

need t

configdration, so that the active_configuration ‘parameter which is kept locally is alway
date (dee Table 54).

active

brameter specifies why the service could not be executed successfully. Possibl

error was detected when a ring segment was connected.
ID cycles could be run (DL-subnetwork error).

fo:

ht number when the outgoing interface could not be opened)

NM2-user of the master uses this service to _read out the active configuration

b run ID cycles. The service is locally fésponded to. The PNM2 logs all changes

Table 54 — PNM2_Get_Active_Configuration

Parameter name Request Confirm
Argument M
Result(+) S
active_configuration M
Result(=) S
error_type M

| configuration:

e error

B, ring

of the
h the
es not
of the
5 up to

This parameter contains the active configuration of the DL-subnetwork. The entries in the list
are ordered according to the physical order of the slaves in the ring. The parameter has the
following structure according to Figure 80:

ID code of the 1st slave Ring segment level of the 1st slave
ID code of the 2nd slave Ring segment level of the 2nd slave
ID code of the nth slave Ring segment level of the nth slave

Figure 80 — The active_configuration parameter
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error_type:

This parameter indicates why the service could not be executed successfully.

4.6.2.4.7 PNM2_Set_Active_Configuration

The PNM2-user of the master uses this service to generate a certain active configuration of
the DL-subnetwork. The PNM2 converts the target configuration in control commands for the
switching on or off of certain ring segments. If the new configuration cannot be accepted, the
exact error cause is communicated to the PNM2-user and the old configuration is retained
(see Table 55).

Table 55 - PNM2_Set_Active_Configuration

Parameter name Request Confirm
Argument M
active_configuration M
Result(+) S
Result(-) S
error_type M
add_info C

active| configuration:

This pgrameter contains the new active configuration of the DL-subnetwork to be gengrated.
The sfructure corresponds to the structure of ‘the Active_Configuration parameter |of the
Get_Ag¢tive_Configuration service.

error_type:

This parameter indicates why the sérvice could not be executed successfully. Possible error
causeyq:

— |An error was detected when a ring segment was connected to the ring. THe new
corffiguration could not-be generated.

— [No ID cyclestcould be run; a fatal bus error.
add_info:

This plarameter provides additional information about the error cause (for examplge, ring

okt baravbaoan b mbaaiaa ot o efo PV 0 b aanad)
Segm\, O ToCT wWwiTeT oo ottguTTy e ac o oOUTO O T O COpP TTICUT

4.7 Parameters and monitoring times of the DLL

The DLL parameters and times described below are used to monitor the DL-subnetwork
operation in the DLL of the master. The monitoring times are measured either in seconds (s)
or in the number of bus cycles.

4.7.1 PDL parameters

4.7.1.1 SPA_acknowledge_timeout T

TO_SPA_ACK

The SPA_acknowledge_timeout is the time which the local PDL waits for the associated
PDL_Data_Ack.confirm primitive after the sending of a PDL_Data_Ack.request primitive. If
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there is a timeout, the local PDL shall attempt up to max_spa_retry-times to send the DLSDU
to the remote PDL. If no attempt was successful, the PDL shall return a negative
acknowledgement to the user. In addition, this communication relationship shall be locally
disconnected and the PDL shall attempt to synchronize itself again with the corresponding
PDL of the communication partner.

The SPA_acknowledge_timeout can be calculated as follows:

tro spa_ack = (DIST + add_wait) * t,

where

D

8T is a constant number of 5 bus cycles;
add_wait is an additional redundancy of 1 to 4 bus cycles;

ue |is the update time.

4.7.1.2 max_spa_retry

This DLL parameter specifies the maximum number of repeatedvattempts to send SPA|PDUs.
It can lbe parameterized by means of a PNM2_Set_Value.request primitive.
Value fange : 0, 2, 4,6 ...14

4.7.1.3 max_swa_count

This DLL parameter specifies the maximum_number of successive data cycles with|errors
which gre allowed before the PDL protocol machine reports a multiple data cycle error and
carries| out a synchronization with the protetol machine of the remote device.
Value fange : 0 ... 255

4.7.2 BLL parameters

4.7.2.1 update_time t,

The update time is the time which passes between two starts of bus cycles. By setting the
updatg time with a-“\PNM2_Set Value.request primitive the time-equidistance pf the
DL-suljnetwork canybe“obtained. The update time shall be greater or equal to the bus$ cycle
time (gxcept zero)and is preset by the system to the value zero (default).

The vdlue zero means that the update time is not defined. Thus, the automatic start of a bus
cycle merely depends on the end of the previous bus cycle and the complete procesging of
the POL\protocol machines and not of the timeout of the update timer. That means, the time
aquidistance is deactivated by the default setting.

Parameter size: 4 octets
Settable values: t,, x 0,1 ms

4.7.2.2 bus_timeout t,, ;¢
The bus timeout is the maximum time which may pass between two valid data cycles. If this
time is exceeded, there is a fatal bus error, which could not be repaired independently (for
example, environment with strongly interference or broken cable). The bus timeout can be
parameterized with a PNM2_Set Value.request primitive. If the bus timeout is set to the value
zero, the bus monitoring is disabled.
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Settable values: t;; gy x 1 ms

4.7.3 MAC parameters
4.7.3.1 Device code
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Figure 81 shows the structure of the device code:

b15 14 | b13 | b12 | b11 | b10

b9 | b8

b7 b6 b5 | b4 b3 b2 b1 b0

Data, direction ahd/or

octet' quantity of

the

parameter chanpel

Device class

Data width

Bits 0 pnd 1 have to be interpreted differently for devices with or without parameter cH
For devices without parameter channel the bits ‘indicate the direction of the user da
devicep with parameter channel the bits indicate’the number of octets which are used

parameter channel.

Bits 6 Jand 7 of the device code distinguish whether the device has a parameter cha
not. Fpr devices with a parameter’channel the bits 6 and 7 shall have only the

Figure 81 — Device code structure

combirnation Bit6 =1 and Bit7 =1.

4.7.3.2 Data direction (bit 0 and bit 1 = 1)

If bits|6 and 7 =1, _the" bits indicate whether the device occupies input and/or

addregses (see Table.56).

Table 56 — Data direction

M ges

annel.
a. For
for the

nnel or
value

output

Bit 1 Bit 0 Meaning
0 0 No data address (for example, bus coupler)
0 1 Only output addresses occupied

Only input addresses occupied

Input and output addresses occupied

4.7.3.3 Number of octets occupied in the parameter channel (bit 7 = 1 and bit 6 = 1)

If bits 7 and 6 are both 1, bits 1 and 0 indicate how many octets of the parameter channel the
device occupies (see Table 57).
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Table 57 — Number of the occupied octets in the parameter channel

Bit 1 Bit 0 Number of occupied words of the parameter channel
0 0 4 octets
0 1 8 octets
1 0 Reserved
1 1 2 octets (standard)

4.7.3.4 Device class

Certain bit combinations of the bits 2 through 7 indicate the device class (see Table 52‘3). The
other qombinations are reserved for the identification of device functions. These specifi¢cations
should|be described in device profiles.

Table 58 — Device class

Bit Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Device class

0 0 0 0 1 0 0 0 Bus coupter with local bus branch

0 0 0 0 1 1 0 0 Busc¢coupler with remote bus brapch

0 0 0 0 1 0 1 1 Bus coupler with I/O data

0 1 1 1 1 1 X X Analog local bus device

1 0 1 1 1 1 X X Digital local bus device

1 1 0 1 1 1 X X Local bus device with parameter
channel

0 0 0 0 0 0 X X Digital remote bus device

0 0 1 1 0 0. X X Analog remote bus device

1 1 1 1 0 0 X X Remote bus device with paramefer
channel

wherg
x|"don't care".

4.7.3.5 Control data

Bits 13 to 15 return ‘control data from the device to the master (see Table 59).

Table 59 — Control data

Bit 15 | Bit 14 | Bit 13 Meaning
X X 1 Reserved
X 1 X CRC receive error
1 X X Reserved
where
x "don't care".

4.7.3.6 Data width

The data width specifies how many bits the device occupies on the bus. If a device has, for
example, 16 bit inputs and 32 bit outputs, it occupies 32 bit (4 octets) in the ring (the higher
value is decisive) (see Figure 82 and Table 60).
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N

AN|
Data width = 6 octets /1

IéParameter channel %Process data channel H

2 octets 4 octets

Figure 82 — Relations between data width, process data channel and parameter channel

Table 60 — Data width
Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Data width
0 0 0 0 0 0
0 1 1 0 0 1 bit
0 1 1 0 1 2 bits
0 1 0 0 0 4 bits
0 1 0 0 1 ¥ octet
0 1 0 1 0 12 bits
0 0 0 0 1 2 octets
0 1 0 1 1 3 octets
0 0 0 1 0 4 octets
0 0 0 1 1 6 octets
0 0 1 0 0 8 octets
0 0 1 0 1 10 octets
0 1 1 1 0 12 octets
0 1 1 1 1 14 octets
0 0 1 1 0 16 octets
0 0 1 1 1 18 octets
1 0 1 0 1 20 octets
1 0 1 1 0 24 octets
1 0 1 1 1 28 octets
1 0 0 1 0 32 octets
1 0 0 1 1 48 octets
1 0 0 0 1 52 octets
1 0 1 0 0 64 octets
1 0 0 0 0 Reserved
1 1 X X X Reserved
where
x = "don't care".
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4.7.3.7 Control code

Figure 83 shows the structure of the control code:

b15 | b14 | b13 | b12 | b11 [ b10 | b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Medium control

Invalid

Figure 83 — Structure of the control code

4.7.3.8 Invalid

Bit 15 fefines whether the control code is effective. If bit 15 equals 0,/the code is effect|ve.

4.7.3.9 Medium control (Bit 8 to Bit 11)

Bits 8 fo 11 control the MAU of the outgoing interfaces (see Table 61).

Table 61 — Medium €ontrol

Bi{11 | Bit10 | Bit9 Bit 8 Meaning
X X 1 Reset of the ring(s€gment which is connected to the outgoing
interface 1
X 1 X Reset ofthéiring segment which is connected to the outgoing
interface2
1 X X Outgeing interface 1 disabled
X X X Qutgoing interface 2 disabled
whgre
Kk "don't care".
NOTE The remaining bits)of the control code are reserved.
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Annex A
(informative)

Implementation possibilities of definite PNM2 functions

A.1 Acquiring the current configuration

A.1.1  Configuration data memory in the master
The configuration data is stored with slave information code as an image of the ring in the
sequerrfhﬁrrl—hrﬁﬂ_l_l_w Of the position of the slaves in the ring. The ring segment level contains the level of
the slave if the bus configuration is depicted as a tree structure. Figure A.1~shows a
DL-suljnetwork configuration in the form of a tree structure and the ring segmentf.Jevel of the
individpal branches. The positions of the slaves in the ring correspond to their pumbering:

Master

Explanations:

w  outgoing\interface of the master

Slave 1 a . . .
wi a incaming interface of a slave

w1 fifst)outgoing interface of a slave
w2 Slave 2, . .
w2_ ‘second outgoing interface of a slave
w2
a The ring segment level is increased when the [devices
are connected to w1.
Slave 3
a
w2
Slave 4 a
wi
w2
Slave 5
w2
a a
Slave 7| Slave. 6
w2 w2
Hus level Bus level

Figure A.1 — DL-subnetwork configuration in the form of a tree structure
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The DL-subnetwork configurations are stored in the master as matrices (see Table A.1):

A.1.2

The
Config

contair
configy

Table

result

A curré

curren

This p

result

Table A.1 — DL-subnetwork configuration in the form of a matrix

Device code Ring segment level No. of the slave

1

2
3
4

Acquire_Configuration function

unction is described with the Acquire_Configuration.requést and A
iration.confirm primitives. The Acquire_Configuration.request. “primitive dos

any parameters, the Acquire_Configuration.confirm (primitive contain
ration to be acquired with a result (+) or the error_code with a result (-
A.2).

Table A.2 — Acquire_Configuration

Parameter name Request Confirm
Argument M
Result (+) S
current_configuration M
Result (-) S
error_code M

(+):
nt configuration could be acquired.

t_configuration:

and thT ringssegment level as matrix.

hrameter-contains the currently acquired configuration in the form of the device

quire_
s not
s the
) (see

codes

(-):

No configuration could be acquired.

error_code:

The error_code describes the error cause. Possible errors are:

— Too many cycles with errors when the configuration was acquired.
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A.1.3  State machine for the acquisition of the configuration
A.1.31 General

The current configuration is acquired by connecting the outgoing interfaces of the slaves step
by step. In order to get an algorithm that is as fast as possible and has short bus cycle times,
the interfaces are closed again when the end of a branch is reached.

As the procedure is repeated for every outgoing interface, the acquisition of the configuration
can be described by a recursion. The Acquire_Configuration.request primitive is called again
for every outgoing interface. Thus, the state machine shown in Figure A.2 applies to every call
of the Acquire_Configuration.request primitive:

¢o
1
2
4

Figure A.2 + State machine for the acquisition of the current configuration

A.1.3.2 States of the state machine

READY

The state machine is ready to respond to an Acquire_Configuration.request primitive.
GET_SLAVES

The state machine runs ID cycles without connecting the outgoing interfaces to identify the
slaves which are already in the ring.

OPEN_WH1

The state machine opens the outgoing interface W1 of the last identified slave and acquires
the configuration at W1 by means of an Acquire_Configuration.request primitive.
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OPEN_W2

After the configuration has been acquired the state machine closes the outgoing interface W1,
opens the outgoing interface W2 of the last identified slave and acquires the configuration at
W2 by means of an Acquire_Configuration.request primitive.

Table A.3 describes the state transitions.

Table A.3 — State transitions of the state machine for the acquisition of the current
configuration

Initigrstate tL
bvent .
L ondition Transition Follow-ap, state
+> action
Power on 0 READY
READY 1 GET_SLAVES

Acquire_Configuration.request

+> run ID cycles without opening or closing the outgoing
interfaces, to identify slaves which already exist

in the ring.

GET|SLAVES 2 OPEN_W1
ID cycles ended

At least one new slave could be detected
+ open W1,
Acquire_Configuration.request

GET|SLAVES 3 READY
ID cycles completed

ho new slave could be detected

+ Acquire_Configuration.confirm (+)

OPEN_W1 4 OPEN_W4
Acquire_Configuration.confirm (+)
+ close W1, open W2,

Acquire_Configuration.request

OPEN_W2 5 READY
Acquire_Configuration.confirm\(+)
+ close W2,
Acquire_Configuration.confirm (+)
GET|SLAVES, OPEN_W#1-orOPEN_W2 6-8 READY

Acquire_Configurationiconfirm (-) or several ID cycles could
no be completed without errors
+ Acquire_Configuration.confirm (-)
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A.2 Comparing the acquired and stored configurations prior to a DL-subnetwork error

A.2.1

General

After the current configuration has been acquired, the data of two configurations is stored in
the master: the stored configuration, and the currently acquired configuration. Then these two
configurations are compared. The example stops the configuration after the first error has

been d

— No

etected. The comparison may provide the following results.

error has been detected, that is, the two configurations are identical.

— No current configuration could be detected, that is, the second configuration list is empty.

— The_configuration became longer

— Th
— Ar
— Ar
— At

A com

A.2.2

The C
Check|

The C
confir
positio

result

No err

configuration became shorter.
ng segment became longer.
ng segment became shorter.
h certain DL-subnetwork position there is a slave with another device code.

parison is carried out by the Check_Configuration function.

Check_Configuration function

heck Configuration function is described with the Check_ Configuration.reque
| Configuration.confirm primitives.

eck_Configuration.request primitive has no parameters. Besides the result (+ or
ation contains in the event of an error ankerror_code and an add_code with th
n in the ring (see Table A.4).

Table A.4 — Check_Configuration

Parameter(name Request Confirm
Argument M
Result (+) S
Result (-) S
error_code M
slave. \position M

(+):

br has’been detected, that is, the two configurations are identical.

st and

-), the
e error

result

(=):

An error has been detected, that is, the two configurations are not identical.
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error_code:

This parameter describes the type of error. Possible errors are the respective meanings of the
slave_position.

— No

configuration available; slave_position does not have a meaning.

— The configuration became shorter; slave_position indicates the first missing slave.

— The configuration became larger; slave_position indicates the first additional slave.

— Additional slave to W1 of slave_position.

— The slave with the slave_position number is missing.

— The slave with the slave_position number is a slave with an incorrect device code:

slave |
Slave |

A.2.3

The C
slaves
Table

saved|

This p
the m

curren

This p

position:
position contains the error position in the ring.

Compare_Slave function

bmpare_Slave function compares the device code and th€,ring segment level
and returns the result of the comparison in the result and, error_code paramete
A\.5).

Table A.5 — Compare<Slave

Parameter name Request Confirm
Argument M
saved_data M
current_data M
Result (+)
Result (-) S
error_code M

| data:

rameter contains-the ID code and the ring segment level of a slave which is st
ster's configuration.

t_data:

brameter contains the ID code and the ring segment level of a slave of the cU

of two
s (see

bred in

rrently

acquiréee—eenfiguration-

result

The tw

result

The tw

(+):

o slaves have the same ID code and ring segment level.

(-):

o slaves have different ID codes and/or ring segment levels.
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error_code:

Error_code describes the type of distinction. The following is possible.

— The ring segment level of the slave in the currently acquired configuration is higher.

— The ring segment level is lower.

— The ID codes are different.

A ring segment level which is too high or too low has a higher priority than an invalid ID code.

Thus, error_code gives no information on the ID code when the ring segment level is
incorrect. However, if a wrong ID code is reported, the ring segment level is definitely okay.

A.2.4 | State Machine for Comparing the Configuration Data
A.2.4.1 General

Figure|A.3 shows the state machine for comparing two configurations.

Figure A.3 — State machine for comparing two configurations

A.2.4.2 States of the 'state machine

READY

The state machine is ready to execute the Check_Config function.

CHECK-CONFIG

The configurations are being compared by means of the Check_Config function.

Table A.6 describes the state transitions.
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Table A.6 — State transitions of the state machine for comparing two configurations

Initial state
event
\condition
O action

Transition Follow-up state

Power_On 0 READY

READY 1 READY
Check_Config.request
\quantity of current identified slaves ==
= Check_Config.confirm (-) with error_code = 'no
configuration available'

READY 2 CHECK_CONFIG
Check_Config.request
quantity of identified slaves =0
= slave_no =1,
m = slave quantity in current configuration,
n = slave quantity in stored configuration,
Compare_Slave.request(saved_config.[slave_no],
current_config.[slave_no])

CHEICK_CONFIG 3 CHECK_CONFIG
Compare_Slave.confirm (+)
slave_no < n AND slave_no <m
= slave_no++,
Compare_Slave.request(saved_config.[slave_no],
current_config.[slave_no])

CHE[CK_CONFIG 4 READY
Compare_Slave.confirm (+)
slave_no == n AND slave_no ==m
= Check_Config.confirm (+)

CHE[CK_CONFIG 5 READY
Compare_Slave.confirm (+)
slave_no < n AND slave_no ==m
= Check_Config.confirm (-) with
error_code = 'the configuration becameshorter' and
slave_position = slave_no + 1

CHE[CK_CONFIG 6 READY
Compare_Slave.confirm (+)
slave_no == n AND slave_npg-<m
= Check_Config.confirm (-) with
error_code = 'the configuration became longer' and
slave_position = slave,'no + 1

CHE[CK_CONFIG 7 READY
Compare_Slave.confirm (-)
error_code ==\ring segment level higher than expected'

= Check_€onfig.confirm (-) with
errorscode = 'additional slave at W1 of slave_-
position’
and.slave_position = slave_no - 1

CH K. CONFIG 8 READY
Compare_Slave.confirm (-)
\error_code == 'ring segment level lower than expected'

= Check_Config.confirm (-) with
error_code = 'slave missing' and
slave_position = slave_no

CHECK_CONFIG 9 READY
Compare_Slave.confirm (-)
\error_code == "different ID codes'
= Check_Config.confirm (-) with
error_code = 'wrong slave' and
slave_position = slave_no
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A.2.4.3 State Machine for Comparing One Line of Two Configuration Matrices

Figure A.4 shows the state machine for comparing one line of two configuration matrices.

¢o

Figure A.4 — State machine for comparing one line‘of two configuration matrices

A.2.4.4 States of the state machine

READY
The state machine is ready to execute thez=Compare_Slave function.
CHECK_RING_SEGMENT_LEVEL

The Compare_Slave function was called. The ring segment levels are compared.
CHECK_ID

After the comparison’of the ring segment levels the ID codes are compared as well. This
comparison only‘takes place when the ring segment levels are identical.

Table A.7 describes the state transitions.
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Table A.7 — State transitions of the state machine for comparing one line of two

configuration matrixes

ID codes are not identical
= Compare_Slave (-) with
error_code = 'different ID codes'

Initial state
event_ . Transition Follow-up state
\condition
= action
Power on 0 READY
READY 1 CHECK_RING_
Compare_Slave.request
= compare ring segment levels SEGMENT_LEVEL
CHECK_RING_SEGMENT_LEVEL 2 READY
ring segment level higher than expected
= Compare_Slave.confirm (-) with
error_code = 'ring segment level higher than expected'
CHECK_RING_SEGMENT_LEVEL 3 READY.
ring segment level lower than expected
= Compare_Slave.confirm (-) with
error_code = 'ring segment level lower than expected'
CHECK_RING_SEGMENT_LEVEL 4 CHECK_ID
ring segment level are not identical
= compare the ID codes
CHECK_ID 5 READY
ID codes are identical
= Compare_Slave (+)
CHECK_ID 6 READY
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

RESEA’UX DE COMMUNICATION INDUSTRIELS -
SPECIFICATIONS DE BUS DE TERRAIN -

Partie 4-8: Spécification du protocole de couche liaison de données —
Eléments de Type 8

AVANT-FROFOS

1) La Commission Electrotechnique Internationale (CEl) est une organisation mondiale de( hormplisation
composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de la CEIl). Lja CEIl a
pour| objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les
domaines de I'électricité et de I'électronique. A cet effet, la CEI - entre autres activités)spublie des|Normes
interhationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessjbles au
publjc (PAS) et des Guides (ci-aprés dénommés "Publication(s) de la CEI"). Leur élaboration est confige a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
orgahisations internationales, gouvernementales et non gouvernementales, enrliaison avec la CEl, pgrticipent
égalément aux travaux. La CEI collabore étroitement avec I'Organisation Internationale de Normalisatidn (I1SO),
selof des conditions fixées par accord entre les deux organisations.

2) Les flécisions ou accords officiels de la CEIl concernant les questions techniques représentent, dans la mesure
du ppssible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg¢ la CEI
intérpssés sont représentés dans chaque comité d'études.

3) Les Publications de la CEl se présentent sous la forme de recommandations internationales et sont [agréées
comine telles par les Comités nationaux de la CEI. Tous les efforts raisonnables sont entrepris afin que la CEl
s'asgure de I'exactitude du contenu technique de ses publications; la CEl ne peut pas étre tenue resgonsable
de I'¢ventuelle mauvaise utilisation ou interprétation qui enest faite par un quelconque utilisateur final.

4) Dang le but d'encourager l'uniformité internationale, les-Comités nationaux de la CEIl s'engagent, dans|toute la
meslyire possible, a appliquer de fagon transparente les Publications de la CEIl dans leurs pubjications
natignales et régionales. Toutes divergences .entre toutes Publications de la CEIl et toutes publications
natignales ou régionales correspondantes doivéent étre indiquées en termes clairs dans ces derniéres.

5) La CEI n’a prévu aucune procédure de marquage valant indication d’approbation et n'engage|pas sa
resppnsabilité pour les équipements déclarés conformes a une de ses Publications.

6) Toud les utilisateurs doivent s’assurer qu'ils sont en possession de la derniére édition de cette publicatipn.

7) Aucyne responsabilité ne doit(étre imputée a la CEIl, a ses administrateurs, employés, auxiligires ou
mangataires, y compris ses experts particuliers et les membres de ses comités d'études et des [Comités
natignaux de la CEI, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tqut autre
domnage de quelque natlre que ce soit, directe ou indirecte, ou pour supporter les colts (y compris [les frais
de jystice) et les dépenses’ découlant de la publication ou de I'utilisation de cette Publication de la CIEl ou de
toutdq autre Publicatign'de la CEl, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation des publications
référencées estobligatoire pour une application correcte de la présente publication.

NOTE [ 'utilisation de certains des types de protocoles associés est limitée par les détenteurs de leurs droits de
propriét¢ intellectuelle. Dans tous les cas, l'engagement de renonciation partielle aux droits de propriété
intellectlielle/ pris par les détenteurs de ces droits, autorise I'utilisation d'un type de protocole de couchq Liaison
de données particulier avec des protocoles de couche physique et de couche Application dans les combinaisons de
Types explicitement spécifiées dans la série CEl 61784. L'utilisation des divers types de protocoles dans d'autres
combinaisons peut nécessiter I'autorisation de leurs détenteurs de droits de propriété intellectuelle respectifs.

La CEI attire I'attention sur le fait qu’il est déclaré que la conformité avec la présente norme peut impliquer
l'utilisation de brevets comme suit, ou la notation [xx] indique le détenteur du droit de propriété:

Type 8 et éventuellement d’autres Types:
DE 41 00 629 C1 [PxC] Steuer- und Datenlbertragungsanlage
La CEIl ne prend pas position quant a la preuve, a la validité et a la portée de ces droits de propriété.

Les détenteurs de ces droits de propriété ont donné I'assurance a la CEIl qu’ils consentent a négocier des licences
avec des demandeurs du monde entier, & des termes et conditions raisonnables et non discriminatoires A ce
propos, la déclaration des détenteurs de ces droits de propriété est enregistrée a la CEIl. Des informations peuvent
étre demandées a:
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[PxC]:  Phoenix Contact GmbH & Co. KG
Referat Patente / Patent Department
Postfach 1341
D-32819 Blomberg
Germany

L'attention est d’autre part attirée sur le fait que certains des éléments du présent document peuvent faire I'objet
de droits de propriété autres que ceux qui ont été mentionnés ci-dessus. La CEIl ne saurait étre tenue pour
responsable de I'identification de ces droits de propriété en tout ou partie.

La Norme internationale CEIlI 61158-4-8 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.

a) suppression du précédent bus de terrain de Type 6 et du réceptacle («placeholder
un¢ couche liaison de données de bus de terrain de Type 5, ennraison du man
peftinence commerciale;

b) ajout de nouveaux types de bus de terrain;

c) divjsion de la présente partie en plusieurs parties numérotees -4-1, -4-2, ..., -4-19.

La prégente version bilingue (2013-02) correspond a la yersion anglaise monolingue f{

en 2007-12.

Le texfe anglais de cette norme est issu des documents 65C/474/FDIS et 65C/485/RVD|.

Le

ragport de vote 65C/485/RVD donne toute information sur le vote ayant ab

I’appropation de cette norme.

La version francaise de cette norme n’a-pas été soumise au vote.

Cette gublication a été rédigée selon les Directives ISO/CEI, Partie 2.

mainte
relativ

Le comité a décidé que le,contenu de cette publication ne sera pas modifié avant la d
}ance indiquée surle site web de la CEIl sous http://webstore.iec.ch dans les dq
s a la publicatioh-recherchée. A cette date, la publication sera:
recpnduite;
supgprimée;
reniplacé€ par une édition révisée, ou
amendee.

11568-4
e une

bport a

) pour
jue de

bubliée

outi a

ate de
nnées

NOTE La révision de la présente norme sera synchronisée avec les autres parties de la série CEl 61158.

La liste de toutes les parties de la série CElI 61158, publiée sous le titre général Industrial
communication networks — Fieldbus specifications (Réseaux de communication industriels —
Spécifications de bus de terrain), est disponible sur le site web de la CEl.
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INTRODUCTION

La présente partie de la CEI 61158 s'inscrit dans une série créée pour faciliter
I'interconnexion des composants de systémes d'automatisation. Elle est liée a d'autres
normes dans I'ensemble tel que défini par le modele de référence des bus de terrain "a trois
couches" décrit dans la CEI/TR 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
fournir un ensemble de regles de communication, exprimées sous la forme de procédures que
doivent réaliser des entités de liaison de données homologues (DLE) au moment de la
CommL ||;uat;u||. CU° |eylca dU UUIIIIIIUII;bGt;UII V;OUIIt a fUUIII;I urrne bGOU OU:IdC r.OUr |e

développement, dans divers buts:

a) en fant que guide pour les développeurs et les concepteurs;
b) dans une optique d'utilisation lors de I'essai et de I'achat de matériel;

c) comme partie intégrante d'un accord pour I'admission de systeémes dans l'environnement
de systémes ouverts;

d) en fant que précision apportée a la compréhension des communications en temps ¢ritique
dans le modéle OSI.

Cette |norme traite, en particulier, de la communication ¢t de ['interfonctionnemept des
capteurs, effecteurs et autres appareils d'automatisation.L'utilisation conjointe de la prgsente
norme|avec d'autres normes entrant dans les modélesde‘référence OSI| ou de bus de |terrain
permel{ a des systémes qui ne pourraient pas, sans_cela, de fonctionner ensemble dang toute
combinaison.
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Partie 4-8: Spécification du protocole de couche liaison de données -

Eléments de Type 8

1 Domaine d’application

1.1

La coy

critique entre les appareils d’un environnement d’automatisation.

Ce pratocole fournit un moyen fortement optimisé d'échanger des données d’entrée/dq

de lon
appars
boucle
de vue|

Les apj
numer
étre d4

1.2

La pré

a) deg
cor
hon

de

b) Ila s
pot
soys forme d’unités'de données d’interface physique.

1.3

Les pr

a) intgragtions entre les entités de DL homologues (DLE) par I'échange de DLPDU de

Généralités

che liaison de données assure les communications de messagerie de base en

gueur fixe ainsi que des messages segmentés de longueun variable entre u|
il maitre et un ensemble d’appareils esclaves interconnectés) selon une topold

de la configuration, et n'est pas affecté par le trafic de messagerie.

D, de I'identité et des caractéristiques de chaque“appareil peut étre configurée, g
tectée automatiquement au démarrage.

Bpécifications
sente norme spécifie

procédures pour le transfert dans les délais impartis de données et d’informati

nologue, et parmi les entités de liaison de données formant le fournisseur de s
iaison de données distribué;

tructure des DLPDU de bus de terrain utilisées par le protocole de la présente
r le transfert des-données et des informations de commande, et leur représe

Procédures

pcédures-sont définies en termes des

temps

sortie
n seul
gie en

(anneau). L’échange de données d’entrée/de sortie est totalement synchrone du point

pareils sont adressés implicitement par leur positidon sur la boucle. La détermination du

u peut

pns de

hmande d’une entité utilisateur de liaison de données vers une entité utiljsateur

prvices

norme
ntation

bus de

tervnin;

b) interactions entre un fournisseur de service de DL (DLS) et un utilisateur de DLS au sein

du

méme systéme par I’échange de primitives de DLS;

c) interactions entre un fournisseur de DLS et un fournisseur de services de Ph dans le

mé

1.4

me systéme par I’échange de primitives de services de Ph.

Applicabilité

Ces procédures s’appliquent aux instances de communication entre des systémes qui
prennent en charge des services de communications a temps critique dans la couche liaison
de données des modéles 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 son applicabilité a différents besoins de communications a temps critique.
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1.5 Conformité

La présente norme spécifie également les exigences de conformité relatives aux systémes
mettant en ceuvre ces procédures. La présente norme ne comporte aucun essai visant a

démon

trer la conformité a ces exigences.

2 Reéférences normatives

Les documents de référence suivants sont indispensables pour l'application du présent
document. Pour les références datées, seule I'édition citée s'applique. Pour les références
non datées, la derniére édition du document de référence s'applique (y compris les éventuels
amendgments).

CEl 61
terrain

CEl 61
Partie

ISO/CH
Modeélg

ISO/CE
Models

ISO/CE
Models

3 Te

158-2 (Ed.4.0), Réseaux de communication industriels — Spécificationsdes |
— Partie 2: Spécification de couche physique et définition des services

158-3-8, Réseaux de communication industriels — Spécifications. des bus de te
3-8: Définition des services de couches de liaison de données —'Eléments de Ty

El 7498-1, Technologies de l'information — Interconnexion (de systémes ouverts
b de référence de base: Le modele de base

Fl 7498-3, Technologies de l'information — IntercoAnexion de systemes ouverts
b de référence de base: Dénomination et adressage

El 10731, Technologies de ['information‘sJ Interconnexion de systémes ou
b de Référence de Base — Conventions pour la définition des services OSI

rmes, définitions, symboles et’abréviations

bus de

rrain —

e 8

0Sl) -

0Sl) -

verts —

Pour les besoins du présent document, les termes, définitions, symboles et abréviations
suivanis s'appliquent.

3.1 FTermes et définitions -du modele de référence

La présente norme repoese en partie sur les concepts développés dans I'ISO/CEI 7498-1 et
I'ISO/QEI 7498-3, et utilise les termes suivants qui y sont définis.

3.1.1 adresse de DL [74198-3]
3.1.2 mapping d'adresse de DL [74[98-1]
3.1.3 connexion de DL [7498-1]
314 extrémité de connexion de DL [7498-1]
3.1.5 identificateur d'extrémité de connexion de DL [7498-1]
3.1.6 source de données de DL [7498-1]
3.1.7 nomdeDL [7498-3]
3.1.8 protocole de DL [7498-1]
3.1.9 identificateur de connexion de protocole de DL [7498-1]
3.1.10 information de contréle de protocole de DL [7498-1]
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3.1

3.1

3.2

11
12
13
14
.15
.16

A7

.18

.19

.20

.21

.22
.23
.24
.25

.26

Pour

3.2.

3.2.

3.2.
3.2.
3.2.
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2

3
4
5
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unité de données de protocole de DL [7498-1]
identificateur de connexion de service de DL [7498-1]
unité de données de service de DL [7498-1]
données utilisateur de DL [7498-1]
gestion de couche [7498-1]
entité (N) [7498-1]
entité de DL
entité-dePh
unité de données d’interface (N) [74[98-1]
unité de données de service de DL (N=2)
unité de données d’interface de Ph (N=1)
couche (N) [74[98-1]
couche DL (N=2)
couche Ph (N=1)
service (N) [74/98-1]
service de DL (N=2)
service de Ph (N=1)
point d’accés au service (N) [74[98-1]
point d’accés au service de DL (N=2)
point d’accés au service de Ph (N=1)
adresse de point d’accés au service(N) [74/98-1]
adresse de point d’accés au service de DL (N=2)
adresse de point d’accés au service de Ph (N=1)
informations de contréle de)l’interface de Ph [74/98-1]
données d’interface de'\Ph [74/98-1]
nom de primitive [74[98-3]
réinitialisation [7498-1]
gestion-systémes [7498-1]
Térmes et définitions de convention pour les services

les besoins du présent document,
ISO/CEI 10731 et relatifs a la couche liaison de données, s'appliquent:

(primitive) confirm;
(primitive) requestor.deliver

primitive de service de DL;
primitive

fournisseur de service de DL
utilisateur de service de DL

(primitive) indication
(primitive) acceptor.deliver

les termes suivants,

définis dans la norme
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3.2.6

3.2.7

3.3

NOTE

3.3.1

(primitive) request;
(primitive) requestor.submit

(primitive) response;
(primitive) acceptor.submit

Termes et définitions communs

Ce paragraphe comporte les termes et définitions communs utilisés par les éléments de Type 8.

liaison, liaison locale
sous-réseau de DL unique dans lequel toutes les éventuelles DLE connectées peuvent
commuyniquer directement, sans intervention de relayage de DL, chaque fois que touteq celles

des DLE qui participent a une instance de communication sont simultanément attenti

sous-r¢seau de DL pendant la/les période(s) de communication tentée

3.3.2

DLSAPR

point distinctif en lequel des services de DL sont fournis par une entité-de DL unique

unique| entité de couche supérieure.

NOTE

importarjte existant entre les DLSAP et leurs adresses de DL. (Voir Figure 4.)

DLS-

Cette définition, issue de I'I|SO/CEI 7498-1, est répétée ici pour comprendre plus facilement la di

DLS-user-entity DLS-user-entity

ves au

a une

fférence

W, DLSAP- AN P
s
DLFAP- address “group D=~
addresses address
DL-layer DL-entity

Ph-layer
Légende
Anglais Frangais
DLS-user-entity Entité de I'utilisateur de DLS
DLS-users Utilisateurs de DLS
DLSAP Disap
DLSAP address Adresse de DLSAP
DLSAP addresses Adresses de DLSAP
group DL-address Adresse de DL de groupe
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Anglais Frangais
DL-entity Entité de DL
DL-layer Couche DL (couche liaison de données)
Ph-layer Couche Ph (couche physique)
PhSAP PhSAP
NOTE 1 Les DLSAP et les PhSAP sont représentés sous forme d’ovales chevauchant la frontiére entre deux
couches adjacentes.

NOTE 2 Les adresses de DL sont représentées comme désignant des petits trous (points d'accés) dans la portion

de la DL

L d'un DLSAP.

NOTE 3
associég

3.3.3
adres
soit u
de DL
chacur

NOTE
DLSAP

3.34
liaison

sous-réseau de DL, constitué de l'ensemble~maximal de liaisons interconnectées p

relais
n'impo
autres

NOTE

3.3.5
trame
synony

3.3.6
utilisa
utilisat

NOTE

Une simple entité de DL peut posseder plusieurs adresses de DLSAP et des adresses de DL,d¢
s a un seul DLSAP.

Figure 1 — Relations des DLSAP, des adresses de DLSAP
et des adresses de DL de groupe

e de DL(SAP)
e adresse de DLSAP individuelle, désignant un unique DLSAP d'un unique util

~

S, soit une adresse de DL de groupe désignant potentiellement plusieurs O
d'un unique utilisateur de DLS

Cette terminologie a été choisie car I'ISO/CEl 7498-3 n’autorise pas I'utilisation du terme adr
bour désigner plus d’un unique DLSAP a un unique utilisatetr de DLS.

étendue

je DL, partageant un méme espace (d’adresses de DL) de noms de DL, dans
rte lesquelles des entités de DL connectées peuvent communiquer, les unes a
soit directement, soit avec I'aide \d'Une ou plusieurs entités relais de DL intermé

lUne liaison étendue peut se compagser juste d'une seule liaison.

me critiqué de DLRBU

teur de DLS destinataire
bur du service de DL auquel sont destinées les données utilisateur de DL

Un/utilisateur de service de DL peut étre simultanément un utilisateur de DLS expéditeur et desting

groupe

sateur
LSAP,

pesse de

ar des
lequel
ec les
liaires

taire.

3.3.7

utilisateur de DLS expéditeur
utilisateur du service de DL agissant en tant que source des données utilisateur de DL

3.4 Définitions de Type 8 supplémentaires

3.4.1

coupleur de bus
entité de PhL incluant des segments de Ph dans le réseau en excluant des segments de Ph
du réseau

3.4.2

appareil

esclave ou maitre
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3.4.3
code d’appareil
deux octets caractérisant les propriétés d’un esclave

3.4.4

cycle de DLPDU

transaction initiée depuis le maitre au cours de laquelle les données utilisateur ou les
informations relatives a l'identification/au statut sont envoyées a tous les esclaves et — au
cours du méme cycle — regues de tous les esclaves

3.4.5
donnérs d’ENTREE
donnégs regues par le maitre et envoyées par les esclaves

3.4.6

maitre,
entité gde DL contrélant le transfert des données sur le réseau et initiant accés aux sypports
des esflaves en démarrant le cycle de DLPDU

3.4.7
donnéfs de SORTIE
donnég¢s envoyées par le maitre et regues par les esclaves

3.4.8
voie dp parameétres
trajet de transmission acyclique utilisant un modelesde ‘communication client/serveur

3.4.9
voie dp données de processus
voie d’acheminement permettant une transmission tres efficace et a haute vitesse de données
relativgs au processus, entre les esclaves et le maitre

3.4.10
mémoljre actualisée a la réception
zone de mémoire contenant |es‘données regues du réseau

3.4.11
segment d’anneau
groupg d’esclavessdans un ordre consécutif

3.4.12
niveay de(segment d’anneau
numérp-ddniveau d’imbrication d’'un segment d’anneau

3.4.13

esclave

entité de DL accédant au support uniquement aprés avoir été initiée par I'esclave ou le maitre
précédent

3.4.14
mémoire actualisée a la transmission
zone de mémoire contenant les données a envoyer sur le réseau

3.4.15

temps de mise a jour

temps s’écoulant entre deux débuts consécutifs de cycles de DLPDU utilisés pour le transfert
des données
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3.5 Symboles et abréviations

3.5.1 Termes relatifs au modéle de référence de Type 8

BLL
BLLSDU

BLL_TSDU

BLL_RSDU

basic link layer (couche liaison de base)
BLL service data unit (unité de données de services de la BLL)

BLL transmit service data unit (unité de données de services
d’émission de la BLL)

BLL receive service data unit (unité de données de services de
réception de la BLL)

MACSpU
PDL
PDLSDU
PhMS

MAC service data unit (unité de données de services de(la‘NIAC)
peripherals data link (liaison de données des périphgriques)
PDL-service-data-unit (unité de données de services de la ADL)

Ph-management service (service de gestign'de la Ph)
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3.5.2 Variables, temporisateurs, compteurs et files d’attente locaux

add_wait
BLL_access_control
bus_timeout

Ccerr

Cconf

Ccycle

Voir Tableau 15
Voir Tableau 31
Voir Tableau 31
Voir Tableau 22
Voir Tableau 22

Voir Tableau 22

Creq_rgtry
Cswa
configuration_valid
Ioopbrck_word (LBW)
max_dlsdu_size_from_req

max_dIsdu_size_from_res

max_rpceiving_queue_depth

max_sending_queue_depth
max_spa_retry
max_swa_count
start_bus_cycle
time_tjmeout

trigger_mode

update_time

3.5.3 Classesde DLPDU
DATA
FCB_SET

data (données)

frame count bit (bit de compte de trame)

Voir Tableau P2
Voir Tableau P2
Voir Tableau B1
Voir Tableau @1
Voir Tableau [15
Voir Tableau (15
Voir Tableau [15
Voir Tableau (15
Voir Tableau [15
Voir Tableau [15
Voir Tableau (15
Voir Tableau #1
Voir Tableau (15
Voir Tableau B1

Voir Tableau RO

Voir Tableau RO

IDL
RWA
SPA

SVA

SWA

idle (au repos)

read word again (relire mot)

send parameter with acknowledge
(envoyer paramétre avec acquittement)

send value with acknowledge (envoyer

valeur avec acquittement)

send word again (renvoyer mot)

Voir Tableau 20
Voir Tableau 20

Voir Tableau 20

Voir Tableau 20

Voir Tableau 20
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AT application triggered (déclenché par une application)

BAC basic access control (contrdle d’accés de base)

co confirmation

CRC cyclic redundancy check (contrdle de redondance cyclique)

DL-Ph Data Link-Physical (interface) (physique-Liaison de
Données)

DLI DL-interface (interface de DL)

DSAP destination service access point (point d’accés auservige de
destination)(

FCB frame count bit (bit de compte de trame)

FCT fonction

FMS fieldbus message specification (spécification de messade de
bus de terrain()

GSM get shared memory (récupération de la mémoire partagge)

IN input (entrée)

L_status link status (statut dejliaison)

LBW loopback word{mot de boucle d’essais)

Isb least significant bit (bit de poids faible)

M, (m) mandatory (obligatoire)

msb most significant bit (bit de poids fort)

NT network triggered (déclenché par un réseau)

0, (o) optional (facultatif, optionnel)

ouT output (Sortie)

PDL peripherals data Link (liaison de données des périphériques)

PM protocol machine (machine de protocole)

PNM1 peripherals network management of Layer 1 (gestion de
réseau des périphériques de la Couche 1)

PNM2 peripherals network management of Layer 2(gestion de
réseau des périphériques de la Couche 2)

PSM put shared memory (mise en place de la mémoire partagée)

RUM receive update memory (mémoire actualisée a la réception)

S sélection

SM state machine (diagramme d’états)

TUM transmit update memory (mémoire actualisée a I’émission)
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4 Protocole de DL

4.1 Vue d’ensemble

La DLL est modélisée comme un modéle a Quatre Niveaux (voir Figure 2).

DLS-user DLMS-user
o>
DLI
Layer 2 PDL
DLL
B PNNIZ
MAC
Layer 1 PhL PNM1
Hégende
Anglais Frangais
DILS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Llayer 1 Couche 1
Llayer 2 Couche 2

Figure 2 — Entité de la Couche.Liaison de Données

4.2 nterface de service de DL (DLI)
4.2.1 Généralités

L’interface de service de Liaison de ‘Données (DLI) fournit des primitives de service a
I'utilisgteur de DLS et a I'utilisateur de"DLMS (voir Figure 3).

DLS-user DLMS-user
DS
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Légende
Anglais Frangais
DLS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Layer 1 Couche 1
Layer 2 Couche 2

Figure 3 — Localisation de la DLI dans la DLL

La DLI traduit et émet les primitives recues de l'utilisateur de DLS/DLMS a l'interface PDL
locale et PNM2. Elle traduit et émet également les primitives recues de l'interface PDL locale
et PNM2 et les transmet a I'utilisateur de DLS/DLMS.
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Le Tableau 1 et le Tableau 2 présentent les primitives échangées entre I'utilisateur de
DLS/DLMS et la DLI.

4.2.2.2 Primitives échangées entre I'utilisateur de DLS/DLMS et la DLI
Tableau 1 — Primitives émises par l'utilisateur de DLS/DLMS a la DLI
Nom de primitive Source Paramétres associés Fonctions
DL-PUT fequest Utilisateur |Buffer DL-identifier, Demande a la DLE-d’écrire une
de DLS DLS-user-data DLSDU dans ‘tetampon de
transmission
DL-GET fequest Utilisateur [Buffer DL-identifier Demande’a la DLE de lirp une
de DLS DLSBU-depuis le tampon de
réception
DL-DATA request Utilisateur |DLCEP DL-identifier, Demande a la DLE d’écrijre une
de DLS DLS-user-data DLSDU dans la file d’attg¢nte
d’envoi
DLM-REBET request Utilisateur [(<none>) Demande a la DLE d’effgctuer
de DLS une réinitialisation
DLM-SE[-VALUE request Utilisateur |[Variable-hame, Demande a la DLE d'effdcer une
de DLMS |Desired:value variable locale
DLM-GET-VALUE request Utilisateur |Variable-name Cette Primitive est émisq afin de
de DLMS demander a la DLL de lire le
contenu d’une variable Igcale
DLM-GEJT-CURRENT-CONFIGURATION Utilisateur |Desired-configuration Demande a la DLE de lirg la
request de DLMS configuration actuelle du|sous-
réseau de DL
DLM-GET-ACTIVE-CONFIGURATION requests (|Utilisateur [(<none>) Demande a la DLE de lirg la
de DLMS configuration active du spus-
réseau de DL
DLM-SE[_AcCTIVE_CONFIGURATION request |Utilisateur |Active-configuration Demande a la DLE d'exécuter
de DLMS une configuration particuliere
active du sous-réseau dg DL
Tableau.2 — Primitives émises par la DLI a l'utilisateur de DLS-/DLMS
Nom de primitive Source Parameétres associés
DL-PUT confirm DLI Status
DL-GET confirm DLI Status,
DLS-user-data
DL-BUFFER-RECEIVED indication DLI Status
DL-DATA confirm DLI Status
DL-DATA indication DLI DLCEP DL-identifier,
DLS-user-data
DLM-RESET confirm DLI Status
DLM-EVENT indication DLI Event-identifier,
Additional-information
DLM-SET-VALUE confirm DLI Status
DLM-GET-VALUE confirm DLI Status,
Additional-information
DLM-GET-CURRENT-CONFIGURATION confirm |DLI Status,
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Nom de primitive Source Parameétres associés

Additional-information

DLM-GET-ACTIVE-CONFIGURATION confirm DLI Status,
Additional-information

DLM-SET-ACTIVE-CONFIGURATION confirm DLI Status,
Additional-information

4.2.2.3 Parameétres des primitives de I'utilisateur de DLS/DLMS et de la DLI

Tous les parameétres utilisés dans les primitives échangées entre I'utilisateur de DLS/DLMS et
la DLI sont spécifiés dans la CEI 61158-3-8.

4.2.3 Tables d’Etats de la DLI
4.2.3.1 Généralités

La Figlire 4 présente un diagramme de transition d’états de la DLI.

. All transactions

Hégende

Anglais Francgais
ACTIVE ACTIVE
AJl transactions Toutes les transactions

Figure 4 — Diagramme de transition d’états de la DLI

Les trgnsitions du protocole de DLlsont spécifiées dans le Tableau 3 et dans le Tableau 4.
Les ngdms des primitives de service sont formés de majuscules et de minuscules avec des
caractéres de soulignement (“~”) remplagant les tirets (“-“), et avec un suffixe séparé [par un
point indiquant le type de primitive sous-jacent: request (demande), confirm (confirmatjon) ou
indicatjon (indication).

Tableau'3 — Table d’états de la DLI — transactions de I’expéditeur

: Evénement
# Etat actuel Action

S1 ACTIVE DL_Put.request ACTIVE

PSM.request{
offset := GetOffset(Buffer DL-identifier)
length := “length of DLS-user-data”
data := DLS-user-data}

S2 ACTIVE DL_Get.request ACTIVE

GSM.request{
offset := GetOffset(Buffer DL-identifier)
length := GetLength(Buffer DL-identifier) }

s3 ACTIVE DL_Data.request{ ACTIVE

PDL_Data_Ack.request{
rem_add := GetRemAdd (DLCEP DL-identifier)
DLSDU := DLS-user-data }

S4 ACTIVE DLM_Reset.request ACTIVE
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Etat actuel

Evénement
Action

PNM2_Reset.request{ }

S5

ACTIVE

DLM_Set_Value.request

PNM2_Set_Value.request {
variable_name := Variable-name,
desired_value := Desired-value }

ACTIVE

S6

ACTIVE

DLM_Get_Value.request

PNM2_Get_Value.request{
variable_name := Variable-name }

ACTIVE

S7

i

AT L
AUTTVLE

B . . . o .
ULNVI_GOTL_LUUlTerit_CUuUTyguratiorn.Teygucest

PNM2_Get_Current_Configuration.request{
network_configuration := Desired Configuration }

S8

ACTIVE

DLM_Get_Active_Configuration.request

PNM2_Get_Active_Configuration.request{ }

ACTIVE

S9

ACTIVE

DLM_Set_Active_Configuration.request

PNM2_Set_Active_Configuration.request{
active_configuration := Active-configuration }

ACTIVE

Tableau 4 — Table d’états de la DLI — transactions du destinataire

Etat actuel

Evénenient
Action

Etpt
sui\rant

R1

ACTIVE

PSM.confirm

DL_Put.confirm{
Status := status }

ACTIVE

R2

ACTIVE

GSM.confirm

DL_Get.confirtm{
Status ;= status,
DLS-user-data := data }

ACTIVE

R3

ACTIVE

Buffer_Received.indication

DLk _Buffer_Received.indication{
Status := status }

ACTIVE

R4

ACTIVE

PDL_Data_Ack.confirm

DL_Data.confirm{
Status := L_status }

ACTIVE

R5

AGTIVE

PDL_Data_Ack.indication

DL_Data.indication{
DLCEP DL-identifier

ACTIVE

:= GetDIsUserld(local_add),
DLS-user-data := DLSDU }

R6

ACTIVE

PNM2_Reset.confirm

DLM_Reset.confirm{
Status := M_status }

ACTIVE

R7

ACTIVE

PNM2_Event.indication

DLM_Event.indication {
Event-identifier := event,
Additional-information := add_info }

ACTIVE

R8

ACTIVE

PNM2_Set_Value.confirm

DLM_Set_Value.confirm {
Status := M_status}

ACTIVE
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Etat actuel

Evénement
Action

Etat
suivant

R9

ACTIVE

PNM2_Get_Value.confirm

DLM_Get_Value.confirm{
Status := M_status
Current-Value := current_value }

ACTIVE

R10

ACTIVE

PNM2_Get_Current_Configuration.confirm

DLM_Get_Current_Configuration.confirm{
Status := status,
Current-configuration := current_configuration }

ACTIVE

R11

ACTIVE

PNM2_Get_Active_Configuration.confirm

ACTIVE

DLM_Get_Active_Configuration.confirm{
Status := status,
Active-configuration := active_configuration }

R12

ACTIVE

PNM2_Set_Active_Configuration.confirm

DLM_Set_Active_Configuration.confirm{
Status := status,
Additional-information := add_info }

ACTIVE

4.2.3.2

Fonctions utilisées par la DLI

Les fonctions utilisées par la DLI sont présentées du Tableali 5 au Tableau 8. Les défails de
ces fopctions ne sont pas spécifiés par la présente horme. Ces fonctions utilisept des

informations stockées par la gestion de la DL locale lors dé I'établissement des DLC.

Tableau 5 — Fonction'GetOffset

Nom GetOffset Utilisée DLI
dans
Entrge Tampon ldentificateur de DL Sortie Adresse de décalage
Foncfion |[Retourne une valeur qui peut,identifier sans équivoque I'adresse de décalage du tampon de
transmission
Tableau 6 — Fonction GetLength
Nom GetLength Utilisée DLI
dans
Entrge Tampon ldentificateur de DL Sortie Longueur de données
Foncfion |Retourne la taille de la DLSDU pouvant étre prise en charge par le tampon appelé Tampon
Identificateur de DL.
Tableau 7 — Fonction GetRemAdd
Nom GetRemAdd Utilisée DLI
dans
Entrée Identificateur de DL du DLCEP Sortie Adresse distante
Fonction |Retourne une valeur qui peut identifier sans équivoque I'adresse distante de I'appareil a distance
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Tableau 8 — Fonction GetDIsUserld

Nom GetDIsUserld Utilisée DLI
dans
Entrée Adresse locale Sortie Identificateur de DL du DLCEP

Fonction |Retourne une valeur qui peut identifier dans équivoque l'identificateur de DL du DLCEP de
I'utilisateur de DLS

4.3 Liaison de Données des Périphériques (PDL)

4.3.1 Localisation de la DPL dans la DLL

La Liaijson de Données des Périphériques (PDL) fait partie de la Couche Liaison de.D¢nnées
et utilige la Couche Liaison de Données de Base. La Figure 5 présente sa localisation.

DLS-user DLMS-user
o>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Hégende
Anglais Francgais
DLS-user Utilisateur de DLS
DILMS-user Utilisateur de DLMS
Lpyer 2 Couche 2
Lpyer 1 Couche 1

Figure'\5)—- Localisation de la PDL dans la DLL

Par le|biais de la couche PDL, chaque esclave peut établir une liaison de communiication
avec l¢ maiftre (voir Figure 6).

Master
A A
v v
Slave Slave
Légende
Anglais Francgais

Master Maitre
Slave Esclave

Figure 6 — Connexion PDL entre esclave et maitre

4.3.2 Fonctionnalité de la PDL

La PDL effectue les taches suivantes.
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— Exécution du service PDL_Data_Ack

— Conversion du service PDL_Data_Ack non cyclique en services BLL_Data cycliques et
vice versa

— Conversion de plusieurs DLSDU des primitives PDL_Data_Ack.request en une PDLSDU
de la primitive BLL_Data.request

— Mise en place de deux trigger_modes au sein de la PDL (maitre de bus uniquement)

— Contrble de la (des) machine(s) de protocole de la PDL locale

— Mise a jour de la mémoire actualisée a la réception et démarrage des machines de
protocole de la PDL aprés qu'une PDLSDU ayant été recue de la BLL a été acceptée

— Gépération dune PDLSDIJ a partir de la mémoire actualisée 3 la transmission ain
L)

par
alg
— Mis
réc|

NOTE

dans un
ensemb
donnée

La PDI

le biais des machines de protocole de la PDL et transfert de cette PDLSDU a\e
DLL

e en place d’un acceés direct pour l'utilisateur de la PDL a la mémoire~actualisg
eption et a I’émission.

lUne PDLSDU du maitre contient toutes les données cycliques par le biais du gervice PSM a tra
cycle de données et dans des segments de message de la PDL. La PDLSDU, d’'un esclave est

e de la PDLSDU du maitre et ne contient que les données cycliques a-transmettre dans un
bt le segment de message de la PDL de cet esclave.

| traduit ces fonctions a 'aide des quatre machines de pretocole suivantes.

— ma

— maghine de protocole de la PDL
— maghine de protocole TRANSMIT

hine de protocole de base de la PDL

si que
nvoyer

be a la

smettre
n sous-
ycle de

— maghine de protocole RECEIVE.
4.3.3 Interface DLI-PDL
4.3.3.1 Généralités
La PDL fournit des primitives de service pour I'utilisateur de la PDL (voir Figure 7).
DLS-user DLMS-user
o>—
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Légende
Anglais Frangais
DLS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Layer 2 Couche 2
Layer 1 Couche 1

Figure 7 — Interface entre l'utilisateur de la PDL (DLI) et la PDL
dans le modéle des couches
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Le paragraphe 4.3.3 décrit les services de transmission de données mis a la disposition de
I'utilisateur de la PDL, ainsi que les primitives de service et leurs paramétres associés. Ces
services de la PDL sont obligatoires

4.3.3.2 Vue d’ensemble des services
4.3.3.2.1 Services disponibles

Le service suivant pour le transfert de données doit étre mis a la disposition de I'utilisateur de
la PDL:

— Send Parameter with Acknowledge (PDL_Data_Ack).

De pll:'lﬁ, I'utilisateur de la PDL peut utiliser les services suivants pour accéder direCtement a
la mémoire actualisée.

— Puf Shared Memory (PSM)
— Get Shared Memory (GSM).

La Figlire 8 présente une vue d’ensemble des services de la PDL.

PDL_Data_Ack PSM GSM PDL_Data_Ack PSM  GSM
PDL PDL PDL
PhL PhL PhL
I |
Master Slave Slave
Hégende
Anglais Frangais
Master Maitre
Sjave Esclave

Figure 8 — Vue d’ensemble des services de la PDL

4.3.3.2.2 Send parameter with acknowledge (PDL_Data_Ack)

Ce service permet a un utilisateur de la PDL locale d’envoyer des données utilisateur
(DLSDU) a un seul utilisateur de la PDL a distance. La PDL a distance transfére la DLSDU a
son utilisateur de la PDL, a condition que la DLSDU ait été regcue sans erreur. L'utilisateur de
la PDL locale recoit une confirmation de réception ou de non-réception de la DLSDU de la
PDL a distance.

Le service PDL_Data Ack ne doit étre utilisé que pour transférer les données d’une file
d’attente.

Primitives de service:

— PDL_Data_Ack.request
— PDL_Data_Ack.indication
— PDL_Data_Ack.confirm
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4.3.3.2.3 Put shared memory (PSM)

Ce service permet a un utilisateur de la PDL d’écrire des données d’'une certaine longueur
dans la mémoire actualisée a la transmission. La BLL doit transmettre ces données dans le

prochain cycle de bus.

Primitives de service:

— PSM.request
— PSM.confirm

4.3.3.2.4 Get shared memory (GSM)

.request

.confirm

4.3.3.2.5 Buffer received (Buffer_Received)

utilise ce service pour indiquer a l'utilisateur de la,PDL locale, que le contenu d

émoire Actualisée a la Transmission est transmis/ et que le contenu de

émoire Actualisée a la Réception est mis a jour avec les nouvelles données re¢
Primitiye de service:
Buffer_Received.indication

4.3.3. Vue d’ensemble des interactions

Les services sont fournis par plusieurs primitives de service (commengant par PDL_...
demanider un service, l'utilisateur de la PDL utilise une primitive de demande. Une pi
de confirmation est retournée &’l'utilisateur de la PDL lorsque le service est terminé. L’
d'une glemande de service\est indiquée a l'utilisateur de la PDL a distance par une pf
d’indicgtion.

Les Figure 9, Figure 10, Figure 11 et la Figure 12 présentent les séquences des primiti
servicg pour prefidre en charge le transfert de données entre maitre et esclave:

eur de

1%

les.

. Pour
imitive
arrivée
imitive

ves de
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Master Slave
PDL  Network PDL
PDL_Data_Ack.req
(LPDU)
(LSDU) PDL_Data_Ack.ind N
PDL_Data_Ack.con (LSDU)
(LPDU)
PDL_Data_Ack.req
] (LPDU)
PDL_Data_Ack.ind (LSDU)
(LSDU) PDL_Data_Ack.con
(LPDU)
Uégende
Anglais Frangais
Master Maftre
Slave Esclave
Nletwork Réseau

Figure 9 — Service PDL_Data_Ack entre e maitre et un seul esclave

Slave 3
Slave 2 DLL
DLL
Master Slave 1
DLL DLL

PDL_Data_Ack.req

PDL_Data_Ack.req

PDL_Data_Ack.req ey

P
— | j\P[ L_Data_Ack.ind
ﬁ L_Data_Ack.ind
% N F
7
PDI}_Data| Ack.ind
RDLy Data_Ack.con
<

PDL_Data_Ack.con

PDL_Data_jck.con
Légende

Anglais Francais

Master Maitre
Slave 1 Esclave 1
Slave 2 Esclave 2
Slave 3 Esclave 3

Figure 10 — Traitement en paralléle des services PDL_Data_Ack
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PDL user PDL

PSM/GSM.req

\ 4

PSM/GSM.con

~

A

Légende

Anglais Frangais

PDL user Utilisateur de 1a PDL

Figure 11 — Services PSM et GSM pour I’accés au tampon

PDL user PDL

Buffer_Received.ind

Figure 12 — Service Buffer_Received pour indiqueriun transfert de données réussi

4.3.3.] Description formelle des services et des paramétres
4.3.3.4.1 Service PDL_Data_Ack

Le Tableau 9 présente les parameéetres du sexvice PDL_Data_Ack.

Tableau 9 — PDL_Data_Ack

Nom de parameétre Request Indication Confirm
Argument M M
rem_add M
local_add M
DLSDU M M(=)
Result M
rem_add M
L_stattus M

rem_afdd:

Le avombl‘ra ram—add définit 'adrascsca da 1o DNl dao l'annarail & dictaoneca | o ro add
patameire—rem—add—définitadresse—de—ta—RDL—de—tappareila—distance- ;

correspond a la posTition physique de I'appareil dans I'anneau.

local_add:
Le parameétre local add transporte l'adresse de la PDL de [l'appareil 1a ou le service

PDL_Data_Ack a été invoqué.
DLSDU:
Le paramétre DLSDU contient les données de I'utilisateur de la PDL a transmettre.

L_status:

Le paramétre L_status indique la réussite ou I’échec de la PDL_Data_Ack.request
précédente. Les valeurs suivantes sont définies pour ce paramétre dans le Tableau 10:
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Tableau 10 — Valeurs de PDL_Data_Ack L_status

Valeur Signification
OK Acquittement positif, service exécuté avec succes
RR Acquittement négatif, ressources de la PDL a distance indisponibles ou insuffisantes
LR Ressources de la PDL locale indisponibles ou insuffisantes
NA Aucune réponse ou pas de réponse plausible (réponse d’acquittement) de I'appareil a
distance
DS Couche PDL non synchronisée pour le moment
v Paramétre invalide dans I'appel de la demande

4.3.3.4.2 Service PSM

Le Tahleau 11 présente les paramétres du service PSM.

Tableau 11 — PSM

Nom de paramétre Request Confirm

Argument
offset
length
data

Result(+)

Result(-)
error_type

=L

=n

offset:
Ce paramétre spécifie I'adresse de décalage, commencgant par I'adresse de déparf de la
mémoife actualisée a la transmission de’la PDL, ou il convient que les données soient gcrites.
length:
Ce parameétre spécifie la quantité de données, qu’il convient d’écrire dans la mgmoire
actualisée a la transmissjon.de la PDL de la couche 2.
data:
Ce pﬂamétre transporte les données, qu’il convient d’écrire dans la mémoire actualis¢e a la

transmlission déla PDL de la couche 2.

error_type:

Ce parametremdigque ta Taisom pour taquette e Service e pouvait pas_etre correctement
exécuteé.

Les erreurs possibles sont:

v Parameétres invalides dans I'appel de demande
Les données a écrire dans la mémoire actualisée a la transmission ne sont pas
autorisées, car le (les) paramétre(s) donné(s) de décalage et/ou de longueur
est/sont invalide(s).

4.3.3.4.3 Service GSM

Le Tableau 12 présente les parameétres du service GSM.
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Tableau 12 - GSM

Nom de paramétre Request Confirm

Argument M

offset M

length M
Result(+) S

data M
Result(-) S

error_type M

offset]

Ce pa
mémoi

length:

Ce pa
actuali

data:
Ce pa

récepti

error_

rametre spécifie 'adresse de décalage, commencgant par I'adresse de départ
e actualisée a la réception de la PDL, d’ou il convient que les données saient lug

rametre spécifie la quantité de données qu’il convient de lireDdepuis la m
5ée a la réception de la PDL.

ameétre transporte les données, qui ont été lues depuis la mémoire actualisé
on de la PDL.

lype:

Ce parnamétre indique la raison pour laquelle le service n'a pas pu étre exécuté avec §
Sourcgs d’erreur possibles:

v

Paramétres invalides dans I'appel de demande

Les données a lire depuis-la mémoire actualisée a la réception ne sof
autorisées, car le (les) paramétre(s) donné(s) de décalage et/ou de lor
est/sont invalide(s).

4.3.3.95 Description détaillée des interactions

4.3.3.5.1 Send parameter with acknowledge (PDL_Data_Ack)

L’utilis

bteur decla” PDL locale prépare une DLSDU transmise par une pi

PDL_QOata_AcK.request a la PDL locale. La PDL accepte cette demande de service et

d’envo
son ut

ver lasBDLSDU a la PDL a distance demandée. La PDL locale envoie une confirm
lisateur de PDL avec la primitive PDL_Data_Ack.confirm qui indique un trans

de la

Emoire

e ala

ucces.

t pas
gueur

imitive
essaie
ation a
fert de

donnég¢s\correct ou incorrect.

Avant que la PDL locale n’envoie une confirmation a son utilisateur, une confirmation de la
PDL a distance est obligatoire. Si cette confirmation n’est pas regue dans la période de
temporisation Tro_spa_ack, la PDL locale réessaie d’envoyer la DLSDU a la PDL a distance. Si
la confirmation ne vient pas aprés la éniéme répétition (max_retry_count), alors la PDL locale

envoie

une confirmation négative a I'utilisateur.

Si le message de données a été regu sans erreur, la PDL a distance transfére la DLSDU avec
une primitive PDL_Data_Ack.indication a travers l'interface avec l'utilisateur de la PDL.

Le codage de la DLSDU est décrit en 4.3.5.3. La Figure 13 présente le flux de données entre
I'utilisateur de la PDL, la PDL et la BLL pour un service PDL_Data_Ack:
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PDL-user

PDL_Data_Ack.con (LSDU)
PDL_Data_Ack.req (LSDU)

PDL_Data_Ack.ind (LSDU)

PDL
BLL_Data.req (PDLSDU) BLL_Data.con (PDLSDU)
(Master only) (Master only)
BLL_Data.res (PDLSDU) BLL_Data.ind (PDLSDU)
(Slave only) (Slave only)
BLL
Hégende
Anglais Frangais
PDL-user Utilisateur de la PDL
Master only Maitre uniquement
Slave only Esclave uniquement

4.3.3.9.2 Put shared memory (PSM)

L’utilis
la mén
primiti
de la H

4.3.3.5.

L’utilis
mémoi
primiti
la PDL

4.3.4
4.3.41

Figure 13 — Flux de données entre I'utilisateur de la PDL, la PDL
et la DLL d’un service PDL~Data_Ack

hteur de la PDL utilise ce service pourécrire les données utilisateur directemer
noire actualisée a la transmission. Le service est traité localement aprés arrivés

DL par le biais d'une primitive PSM.confirm (confirmation immédiate).

3 Get shared memory (GSM)

re actualisée a la réception. Le service est traité localement aprés l'arrivée
par le biais d'dne primitive GSM.confirm (confirmation immédiate).

Interface-PDL-PNM2

Généralités

Ce par

t dans
e de la

e PSM.request. La PDL communigue le traitement réussi du service a son utiljsateur

hteur de la PDL utilise ce’/service pour lire les données utilisateur directement depuis la

de la

e GSM.request..taPDL communique le traitement réussi du service a I'utilisafeur de

agraphe définit les services administratifs de gestion de la PDL mis a la disposi

lion de

la PNM2, ainsi que leurs primitives de service et les paramétres associés.

La gestion de la PDL fait partie de la PDL qui fournit les fonctions de gestion de la PDL
demandée par la PNM2. La gestion de la PDL gére [linitialisation, la surveillance et la
récupération des erreurs de la PDL. La Figure 14 présente l'interface entre la PDL et la PNM2
dans le modéle des couches.
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DLS-user DLMS-user
o>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Légende
Anglais Frangais
DILS-user Utilisateur de DLS
DILMS-user Utilisateur de DLMS
Lpyer 2 Couche 2
Lpyer 1 Couche 1

L’interf

— Ré
— De

Figure 14 — Interface entre la PDL et la PNM2 dans le modéle des couches

ace de service entre la PDL et la PNM2 fournit les fonctions suivantes.

nitialisation de la machine de protocole de la PDL.

mande et modification des parametres de fonctionnement actuels de la machline de

pr
— Ind
éta

une co

ocole de la PDL.

cation des événements inattendus, des erreurs et changements de statut surver
t détectés dans la PDL.

nfirmation.

Primitives de service:

— PDL_Reset.request

— PDL_Reset.confirm

4.3.4.2.3 Set Value PDL

ant ou

regoit

La PNM2 utilise ce service facultatif afin d’attribuer de nouvelles valeurs aux variables de la
PDL. Une fois terminé, la PNM2 recoit une confirmation de la PDL indiquant si les variables

définie

s sont considérées ou non avec la nouvelle valeur.

Primitives de service:
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— PDL_Set_Value.request
— PDL_Set_Value.confirm

4.3.4.24 Get Value PDL
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La PNM2 utilise ce service facultatif afin de lire la valeur réelle des variables de la PDL. La
valeur actuelle de la variable définie est transmise avec la confirmation de la PDL.

Primitives de service:

— PDL_Get_Value.request

— PDE——Get—Valverconfirm
4.3.4.2.5 Event PDL

La PDL utilise ce service requis afin d’info
certaines erreurs détecté(e)s dans la PDL.

Primitiye de service:
— PDL_Event.indication

4.3.4.3 Vue d’ensemble des interactions

La Figlire 15 et la Figure 16 présentent les relations tempdrelles des primitives de servi

PDL

rmer la PNM2 de certains événements

PNM\2

PBE_XXX.req

Y

PDL_XXX.con
>

PDL

Figure 15 —Services Reset, Set Value et Get Value PDL

PNM 2

PDL_Event.ind

ou de

ce:

Figure 16 — Se

4.3.4.4 Informations détaillées relatives

4.3.4.41 PDL_Reset

rvice Event PDL

aux services et aux interactions

Le service PDL_Reset est obligatoire. La PNM2 émet une primitive PDL_Reset.request pour

réinitialiser la machine de protocole de la PDL

Tableau 13

(voir Tableau 13).

— PDL_Reset

Nom de paramétre

Request Confirm

Argument

Result(+)

M
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4.3.4.4.2 PDL_Set_Value

Le service PDL_Set Value est facultatif. La PNM2 transfére une primitive
PDL_Set Value.request a la PDL afin de mettre une variable définie de la PDL a une valeur
souhaitée. Apres réception de cette primitive, la PDL essaie de sélectionner la variable et
d'attribuer la nouvelle valeur. Aprés exécution, la PDL transfére wune primitive
PDL_Set Value.confirm a la PNM2 (voir Tableau 14).

Tableau 14 — PDL_Set_Value

Nom de parameétre Request Confirm
Argnmnnf M
variable_name M
desired_value M
Result(+) M

variabje_name:

Ce parameétre définit la variable de la PDL mise a une nouvelle valeur,

desired_value:

Ce parametre spécifie la nouvelle valeur pour la variable de la PDL.

Le Tableau 15 fournit des informations relatives aux‘\\nouvelles variables auxquelles les
variables de la PDL peuvent étre mises.

Tableau 15 — Variables de la PDL

Nom de variable de la PDL Plage de valeurs Par défauit
max_spa_retry 0,2,4,6, ... 14 14
max_swa_count 0...255 128

add_wait 1, 2,374 4
start_bus_cycle ON, OFF OFF
trigger_mode network_triggered (NT), NT
application_triggered (AT)

malx_dlsdu_size_from_rneq 1 ... 256 (voir note) 256

max_dlsdu_size.froem_res 1 ... 256 (voir note) 256

max| receiving_queue_depth 1 ... 256 (voir note) 256

max_sending_queue_depth 1 ... 256 (voir note) 256

NOTE Unigdement pour les services PDL_Data_Ack et chaque liaison.

4.3.4.4.3 PDL_Get_Value

Le service PDL_Get_Value est facultatif. La PNM2 transfere une primitive PDL_Get_Value a
la PDL afin de lire la valeur actuelle d’une variable définie de la PDL. Aprés réception de cette
primitive par la PDL, elle essaie de sélectionner la variable définie et de transférer sa valeur
actuelle a la PNM2 a I'aide d’'une primitive PDL_Get_Value.confirm (voir Tableau 16).
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Tableau 16 — PDL_Get_Value

Nom de paramétre Request Confirm
Argument M
variable_name M
Result(+) M
current_value M

variable_name:

Ce paramétre définit la variable de la PDL, dont il convient que la valeur soit lue.

current_value:

Ce parameétre contient la valeur souhaitée de cette variable de la PDL.

Seuleg ces variables de la PDL peuvent étre lues, et également écrites par le service
PDL_8Yet Value.request.

4.3.4.44 PDL_Event
Le seryice PDL_Event est obligatoire. La PDL transféere une primitive PDL_Event.indichption a

la PNM2 afin de l'informer des événements ou des erreurs_détecté(e)s dans la PDL (voir
Tabledu 17).

Tableau 17 — PDL_Event

Nom de parameétre Indication
Argument M
event M

event:

Ce paflametre définit la valeur de fa cause de I’événement ou de I'erreur détecté(e) dans la
PDL cgnformément au Tableau 18:

Tableau 18 — Events

Nom Signification Obligatoire/Facultati
f

PDL_tycle_end |La mémoire actualisée a la réception a été F
mise a jour,

et le contenu de la mémoire actualisée a la
réception est transmis a la BLL

4.3.5 Procédures de transfert de données a partir d’une file d’attente
4.3.5.1 Méthode d'accés aux bus et méthode de transfert des données
4.3.5.1.1 Cycle de synchronisation

Avant de commencer le transfert de données entre le maftre et I’ (les) esclave(s), les couches
PDL sur tous les appareils doivent commencer par un cycle de synchronisation. Au cours de
ce cycle, un message de synchronisation réinitialise les indicateurs de bit de compte de trame
de tous les appareils a une valeur définie. De plus, le maitre est lancé avec la transmission
des données de configuration a tous les esclaves. Apres réception des nouvelles données de
configuration, tous les esclaves doivent s’initialiser avec les nouvelles valeurs de
configuration regues.
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Les bits de compteur de trame empéchent une multiplication des messages a I'appareil de
confirmation et/ou de réponse (répondeur), car cela entrainerait la perte d’acquittements
positifs.

Un cycle de synchronisation n’a lieu que pour une relation de communication, c’est-a-dire
entre la machine de protocole de la PDL du maitre et la machine de protocole de la PDL d’un
esclave. Un cycle de synchronisation est initié dans les cas suivants:

— apreés une réinitialisation du matériel,

— apres une réinitialisation de la couche PDL par l'utilisateur de la PDL,

— apreés la détection d’erreurs de protocole,

— apres une erreur dans plusieurs cycles de données (max_swa_count time expired), et

— apries un SPA_acknowledge timeout multiple (la temporisation d’acquittement de’ SPA est
survenue max_spa_retry-times).

Dans lgs deux premiers cas, les tampons et les files d’attente de la couche,de protocole pour
I’envoi| et la réception de messages sont effacés des appareils concerhés. Par conségquent,
toutes |les demandes, confirmations et indications stockées dans ces tampons sont pgrdues.
Cepenfant, dans I'appareil a distance, aucun tampon n’est effacé. Aprés le cygle de
synchrpnisation, cet appareil réessaie de transmettre le mgessage dont l'envoi |a été
interrompu.

Dans fous les autres cas, aucun tampon n’est effacé ddns les autres appareils. Lorsqu’une
synchrpnisation est réussie, les deux appareils reessaient d'exécuter les ordres de
I'appligation n’ayant pas encore été terminés.

4.3.5.1.2 Message SVA

Lorsqu'une synchronisation a été réussie_ €t avant le renvoi des messages interrompus, le
maitre| envoie un message SVA ("Send’)Value with Acknowledge" (Envoyer Valeur avec
Acquitfement)) a I'esclave. Le Messagée*SVA transfére des variables pour le paramétrage de
la machine de protocole de la PDL.

Le Megsage SVA transmet max,>swa_count. La variable max_swa_count possede une|valeur
par défaut de 128 et peut étre paramétrée par PDL_Set Value. L'esclave accepte cette|valeur
comme sa own max_swascount.

La varfable max_swa“count doit étre transférée. De plus, d’autres variables peuvent étre
spécifiges.

4.3.5.1.3 Bit de Compte de Trame

Le bit [der¢ompte de trame (FCB) empéche une multiplication des messages au nivgéau de
I'appareil de confirmation et/ou de réponse (répondeur), car cela entrainerait la perte
d’acquittements positifs.

Si un acquittement positif est perdu pour une quelconque raison, le demandeur essaie de
renvoyer le précédent message. Lorsque ce message a déja été correctement regu par le
répondeur, cela est indiqué par un FCB inchangé. Dans ce cas, le répondeur renvoie
I'acquittement au demandeur, directement aprés avoir regu le premier segment de message.
Ensuite, le demandeur arréte I'envoi répété.

Si un nouveau message doit étre envoyé, le FCB doit étre modifié. Afin de garantir que le
FCB du demandeur (FCB de transmission) et que le FCB du répondeur (FCB de réception) de
I'appareil a distance possédent la méme valeur initiale aprés l'initialisation de la couche 2 et
aprés les erreurs de protocole, il y aura une synchronisation avec les messages FCB_SET.
Les FCB sont mis a ‘1’ si la synchronisation a été réussie.
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Il existe une paire de FCB pour les deux sens de transmission (un FCB de transmission et un
FCB de réception pour chaque sens) (voir Figure 17).

Master Slave
. Receive FCB

Transmit FCB

Receive FCB Transmit FCB
Hégende

Anglais Frangais

Master Maitre
Sjave Esclave
Transmit FCB FCB de transmission
Rleceive FCB FCB de réception

Figure 17 — FCB de transmission et de réception du co6té maitre et du co6té esclave

4.3.5.1.4 Transmission de données des cycles de bus’avec des erreurs

Si une| erreur de cycle de données survient lors deslavtransmission d’'un Message JPA ou
SVA, |a file d’attente n’est pas completement refransmise. La transmission est| plutét
poursuivie avec les parties de la file d’attente qui‘suivent 'erreur.

Le maltre répond aux erreurs de cycle. Par‘conséquent, une distinction doit étre effectuée
entre les deux sens de transmission maitre:— esclave et esclave —» maitre. Si une erfeur de
cycle qurvient, cela n’a aucune répercussion sur la machine de protocole de la PDL.

1) |Transmission de données:-maitre —» esclave

Si le maitre détecte une erreur de cycle de données alors que la file d’attente est transmise,
la trangmission doit étre «€pétée a partir de cette erreur. Dans ce cas, le maitre commpunique
I’erreury a I'esclave a I'aidé 'd’'un Message SWA.

La Figure 18 et Ja Figure 19 clarifient la transmission maitre — esclave avec Messagg SWA.
La nunmpérotatiomcorrespond a la séquence temporelle:
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2) Cycle error

Master Slave

1) DATA PDU

3) SWA PDU
4) DATA PDU repeated

Hégende
Anglais Frangais
Cycle error Erreur de cycle
Master Maitre
Slave Esclave
DIATA PDU repeated PDU DATA répétée

Figure 18 — Transmission de données maitre —» esclave avec Message SWA

Master detected a
cycle error

¢ ¢A1 ¢A2 ¢;3L ¢A4 \LAS ¢AG J/N ¢A8 Start of

PDL
| -
o IDL w1 w2 | swA | wi w2 w3 W4 W5 Master
Cycle: C1 c2 C3 c4 c5 C6 c7 c8 c9
‘ - - ‘ - IDL‘ - W1 ‘ -=N-0 ‘ - SWA‘ - W1 ‘ - W2 ‘ - W3 ‘ - W4 ‘ ... IBSqing
(0] - - IDL 0 SWA w1 w2 w3
| B _ ~ _ __ __ = = Slave
Cycle C3 does not cause a start of the PDL
machine, as this cycle contains an error.
Hégende
Anglais Erancais
Master detected a cycle error Le maitre a détecté une erreur de cycle
Start of PDL Début de la PDL
Master Maitre
IBS ring Anneau IBS
Slave Esclave
Cycle C3 does not cause a start of the PDL Le Cycle C3 ne déclenche pas le démarrage de
machine, as this cycle contains an error. la machine de PDL car ce cycle contient une
erreur.

Figure 19 — Séquence temporelle de la transmission de données maitre —» esclave
avec Message SWA

2) Transmission de données: esclave —» maitre:
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Si le maitre détecte une erreur de cycle lors de la réception d’'une PDU, I'esclave sera
immédiatement mis au courant par le maitre par le biais dun PDU RWA. L’esclave doit
confirmer cette PDU RWA avec une PDU SWA, avant le renvoi d’'une PDU DATA. Le maitre
utilise la PDU SWA afin de marquer le début de la transmission de données répétée.

Une séquence de transmission de données de maitre — esclave en cours est interrompue
lors du transfert du Message RWA et aprés la prise en charge de I'exception la transmission
de données peut étre poursuivie.

La Figure 20 et la Figure 21 clarifient la transmission esclave —» maitre avec Message RWA
ou Message SWA:

2) Cycle error

1) DATA PDU
Master 4) SWA PDU Slave
5) DATA PDU
repeated

3) RWA PDU

Hégende
Anglais Francgais

Cycle Error Erreur'de Cycle
Master Maitre
Slave Esclave
DIATA PDU repeated PDU DATA répétée

Figure 20 — Transmission de données esclave —» maitre avec Message SWA/RWA
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Master detects
a bus cycle with errors

N ¢% e v b L e La

| IDL IDL DL | |(w1) | | w2 w3 - w4 swA | w1
o - - - RWA - - - - - -
Cycle: C1 c2 C3 C4 C5 Cé6 c7 (022} Cc9 c10
Cfmoe oL < wt w2 - [warwA| - w4 - [swA - w1 w2 -

VLl Lol

oL

o | - - - - RWA - - - -
wi1 w2 w3 w4 SWA w1 w2 w3 W4

machine, as this cycle contains an error.

Cycle C3 does not cause a start of the PDL

Master

Bus

Slave

Hégende
Anglais Frangais
Master detected a bus cycle with errors Le maitre a’détecté un cycle de bus comportant
des erreurs
Master Maitre
Blus Bus
Sjave Esclave
Cycle C3 does not cause a start of the PDL Le Cycle C3 ne déclenche pas le démarrage de
nlachine, as this cycle contains an error. la machine de PDL car ce cycle contient une

erreur.

Figure 21 — Séquence temporelle’de la transmission de données esclave —» ma
avec Message SWA/RWA

4.3.5.2 Description des 'séquences temporelles

Maitre

Aprés chaque cyclénde données, la machine de protocole de la PDL est démarrée u
dans Ig¢ maitre pour-chaque esclave dans 'anneau comportant une voie de paramétres.

Entre qutres,la machine de protocole connait

les paramétres suivants:

tre

he fois

Paramétresdemtree:

— Le segment de message ayant été recu durant le dernier cycle de données intact de la

part de l'esclave.

— Les informations indiquant si une erreur de cycle de bus est survenue lors du dernier

cycle de données.
Parameétres de sortie:

— Le segment de message a envoyer lors du

prochain cycle a I’esclave.

Dans la Figure 22, ces paramétres apparaissent pour chaque appel de protocole de PDL
A1...An, ou 10...In identifie les données de réception pour le maitre et les données d’envoi
pour 'esclave. Par conséquent, O0...On sont les données d'envoi du maitre et les données

de réception de I'esclave.
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Esclave:

A la fin d’un cycle de données, la machine de protocole de la PDL est démarrée sur I'esclave,
si I’esclave a déterminé que le maitre n’avait pas envoyé de PDU IDL et/ou qu’il y a une
demande de données d’envoi en cours sur I'esclave. Les PDU IDL sont transmises lorsqu’il
n'y a aucune autre donnée utilisateur a transmettre. Le dernier message regu peut étre lu
et/ou un message d’envoi en cours peu(ven)t étre préparé(s) dans la machine de protocole de
la PDL. La PDL passe la PDLPDU a la BLL pour la transmettre au maitre au cours du
prochain cycle de données. La troisieme ligne de la représentation présente les démarrages
de la machine de protocole de la PDL de l'esclave (A1...A9) et les messages d'envoi et de
réception associés.

Bus:

A la Higure 22, la ligne du milieu présente les cycles (C1...C9) ainsi que les(meg$sages
transmlfis dans ces cycles de I'esclave au maitre et vice versa.

La transmission d’'un message de la machine de protocole TRANSMIT du maiire a la mfachine
de projocole RECEIVE de I'esclave requiert deux cycles, et la transmissign de la machine de
protocple TRANSMIT de I'esclave a la machine de protocole RECEIVEIdu/maitre requidrt trois
cycles] Les machines de protocole TRANSMIT et RECEIVE sont_des composantes| de la
machine de protocole de la PDL.

tart of the PIDL
b b Lo b b b Lid b Ly samom

machine

| 10 11 12 13 14 15 16 17 18 Master
(0] 02 03 04 05 06 o7 08 09 o10| ™~
Cyclg: C1 c2 c3 C4 c5 €6 c7 cs c9

‘ ‘I1 O1‘I2 OZ‘IS 03‘I4 O4‘I5 05‘I6 OS‘I? O7‘I8 08‘I9 09‘ ... Bus

A1 ¢ A2 \L A3 \L A4 $/ A5 \L A6 \L A7 \L A8 \L A9 Start of the PDL

o |oo 01 02 03 04 05 06 07 Og | Mmachine Slave
| 13 14 15 16 17 18 19 110 111

Hégende

Anglais Francgais

Start of the PDL machine Démarrage de la machine de la PDL

Master Maitre

Blus Bus

Sjave Esclave

et cycles de données

Dans l'esclave, le démarrage de la machine de protocole de la PDL pour l'envoi et la
réception de la PDLPDU doit étre terminé avant que la fin d'un autre cycle ne soit indiquée.
Sinon, les données regues peuvent étre perdues. Le temps de cycle de la DLPDU dépend du
nombre d’esclaves et de la largeur des données de chaque esclave connectés au sous-
réseau de DL.
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T

\L \LA1 \LAZ \LA3 \LA4 \LAS \i/AG \i/A7 \i/AB

! - i co Master
0 IDL W1 w2 w3 w4 IDL IDL IDL IDL IDL
Cycle: c1 c2 c3 c4 c5 c6 c7 c8 co c10
‘ - -| - IDL| - W1|- W2|-- W3 |- W4|-- IDL|-- IDL‘ CO IDL| -- IDL‘ ... Bus
¢ \L \L \Lm \LAZ \LAB \LA4 \LAS \LAG \LA7
o | - - IDL w1 w2 w3 w4 IDL IDL IDL Slave
| - - -- -- -- -- co - - -
Hégende
Anglais Frangais
Master Maftre
Blus Bus
Sjave Esclave
Figure 23 — Transmission de message: maitfe < esclave
\L \L \L \Lm \l/Az \LA3 \LA4 \LAS \LAES
| IDL IDL IDL IDL w1 w2 w3 w4 IDL IDL
Master
(0] -- - -- -- - -- -- Cco - --
Cycle: C1 c2 c3 c4 c5 €6 c7 cs c9 c10
‘ ‘ DL --|IDL --|IDL -|{W1 -|W2 -J\W3 -|W4 --|IDL --|IDLCO ‘ IDL - Bus
¢ \Lm ¢A2 \LAS \LA4 \LAS \LAG \LA7 \LAS \LAQ
(0] -- - - -- -- - -- -- - Cco Slave
| IDL w1 w2 w3 w4 IDL IDL IDL IDL IDL
Hégende
Anglais Francgais
Master Maitre
Blus Bus
Sjave Esclave
Figure 24 — Transmission de message: esclave — maitre

La Figure 23 et la Figure 24 montrent qu’au moins DIST = 5 cycles de données sont requis
entre I’envoi du dernier message, et la réception d’une confirmation (CO) de ce message.

Les délais de confirmation peuvent également étre pris en compte, le protocole nécessite
donc des cycles supplémentaires pour I'attente d'une confirmation. Ce nombre de cycles
supplémentaires est stocké dans la variable "add_wait". Du c6té du maitre, la variable
add_wait peut étre paramétrée avec la PDL_Set Value (plage de valeurs: 1 a 4). Le contenu
de la variable add_wait est transmis du maitre a I'esclave au sein de la PDU FCB_SET
pendant que les machines de protocole de la PDL sont synchronisées.
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La longueur des messages pour un esclave comportant la voie de paramétres se compose
d’au moins un octet pour FCT et également de la longueur des données 1, 3 ou 7 octets,
selon la taille du message pour la transmission.

4.3.5.3.2 Structure de I’octet de code
4.3.5.3.2.1 Généralités
LaFIg o—pPfreSthite—Ta—Strueture—tu—0€ete
L_statis et le Tableau 20, le code de FCT.
B16 B15 B14 B13 B12 B11 B10 B9
L_status FCT code FCB IDL

Figure 25 — Octet de code d’'une PDLPDU

Tableau 19 — Encodage du L_status

L_status Génération Signification
(B16 B15 B14) (Locale/A
distance)

000 - Pas de confirmation

001 L/R Acquittement positif

010 R Acquittement négatif,
aucune ressource disponible
(tampon plein)

011 L /R Acquittement négatif,
erreur dans plusieurs cycles de
données (transmission par le biais
du bus uniquement du maitre a
I'esclave)

100 R Acquittement positif (répété)

101 R Acquittement négatif,
aucune ressource disponible
(répéteé)

1.10 L Acquittement négatif,
acknowledge_timeout

111 R Confirmation FCB_SET, le code de
FCT est égal a 0; FCB = 1!

age de
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Tableau 20 — Code de FCT (Types de PDLPDU)

0

la DLSDU en octet-1 et les segments des données utilisateur.

11 PDU SVA La PDU SVA définit le début d’'une nouvelle transmission des données

Code de la Types de PDU Signification
fonction PDL
000 PDU IDL La PDU IDL ne contient pas d’informations (sauf pour une confirmation
FCB_SET).
001 PDU DATA La PDU DATA contient des segments de données utilisateur ou des variables
de la PDL.
010 PDU SPA La PDU SPA définit le début d’'une nouvelle transmission des données des

files d’attente et contient au moins les informations relatives a la longueur de

des

variables et contient au moins les informations relatives a la longueur
DLSDU en octet-1 et éventuellement les variables de la PDL.

0 0 Don’t spare (Non |Réservé
disponible)
0 1 PDU RWA PDU RWA (Receive Word Again): Les octets de données du message

contiennent au moins la quantité d’octets+1 de données‘recue et
éventuellement les données de DLSDU ou les variables de la PDL.

10 PDU SWA PDU SWA (Send Word Again): Les octets de données du message
contiennent au moins la quantité d’octets+1_de'‘données regue avec sy
éventuellement les données de DLSDU ou lles variables de la PDL.

11 PDU FCB_SET |La PDU FCB_SET contient L_status = 0'et’FCB = 1, pour une demand
FCB_SET du maitre a I’esclave. Le premier octet de données du mesg
contient des données utilisateur pourta machine de protocole de la P[
I’esclave.

de la

cces et

e de
age
L de

4.3.5.3
Bit de

Le FC
SVA.

4.3.5.3
Si le If]

est appelé message IDLE.

4.3.5.3.
4.3.5.3.

La Fig

2.2 FCB

compte de trame: 0/1, bit alternatif.
B n’est pertinent qu'au sein du segment de départ du Message SPA et des Me

.2.3 Message ldle

L-Bit (voir Figure 25; Bit,9) est égal a 0, le message ne contient aucune informg

3 Messages-de la taille d’un mot
3.1 Géneralités
ire 26 présente la structure d’'un message de la taille d’'un mot.

Octet de code Octet de données

bsages

tion et

B1o B15 B14 B13 B12 B11 B10 B9 B3 BY Bb B5 B4 B3 B2 B1
x|x|x|x|x|x|x|o x|x|x|x|x|x|x|x

Figure 26 — Structure d’un message de la taille d’un mot

4.3.5.3.3.2 Messages d’appel

1) Message SPA (Type de PDLPDU pour la transmission de données utilisateur mises en file
d’attente):

Dans le L_status des octets de code, une confirmation d'un Message SPA de l'appareil a
distance peut étre transmise en méme temps (voir Figure 27).
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Octet de données

B16 B15 B14 B13 B12 B11 B10 B9 | B8 B7 B6 B5 B4 B3 B2 B1
X X X 0 1 0 FC 1 n-1: Longueur de la DLSDU en octets-1:
B 1<=n<256
X X 0 0 1 X 1 1er octet de la DLSDU
0 0 1 X 1 2éme octet de la DLSDU
X X 0 0 1 X 1 Niéme octet de la DLSDU

Figure 27 — Structure d’'un Message SPA

61158-4-8 © CEI:2007

2) MeLsage SVA Message (Type de DLPDU pour la transmission de données de

corj

Aprés
messa
réglée

figuration):

in FCB_SET confirmé, d’autres variables sont transmises du maitre a I'esclave avec le

pe 'Send Value with Acknowledge'. Du c6té du maitre, ces variables peuve
5 avec PDL_Set Value.request et sont également valides pour(l'esclave ap

transr:]ission du Message SVA. Le nombre d’octets-1 des variables est transmis dans

de do

La var
(voir F

nées du segment de départ.

able swa_count doit étre transférée. De plus, d’autres variables peuvent étre spé
gure 28).

Octet de code Octet de données

B16 B15 B14 B13 B12 B11 B10 B9 | B8 ~B¥ B6 B5 B4 B3 B2 B1
X X X 0 1 1 FC 1 n-1: nombre d’octets-1 de variable
B
0 0 1 1 Swa_count (obligatoire)
0 0 1 1 2éme octet de variable (facultatif)
| X X X |0 o0 |x | 1 | Nieme octet de variable (facultatif)

Figure 28 — Structure d’'un Message SVA

3) Mepsage FCB_SET:

Ce me
param
définie

Dans |
au pro

5sage est utilisé/pour synchroniser les machines de protocole de la PDL d’une
btres sur lesmaitre et sur I'esclave, c’est-a-dire, afin de mettre les FCB a une
(voir 4.3.5.1.3).

e premier octet de données, le maitre transmet également les parameétres spég

nt étre
rés la
I'octet

cifiées

oie de
valeur

ifiques

ocOle ayant été réglés avec le service PDL_Set_Value (voir Figure 29).

4.3.5.3

Octet de code
B16 B15 B14 B13 B12 B11 B10 B9
o 0o o0 |1 1 1 | 1 | 1

Figure 29 — Structure d’un Message FCB_SET

Octet de données

B8 B7 B6 B5 B4 B3 B2 Bt

Codage voir ci-dessous

3.3 Segment de Controle

1) Message RWA:

Avec le message RWA (Read Word Again), le maitre indique a I’esclave durant un Message
SPA que l'esclave a regu un message sans erreur. Dans le premier octet de données, le
Message RWA contient le nombre d’octets de la DLSDU ayant été regu sans erreur (voir

Figure

30).
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Octet de code Octet de données
B16 B15 B14 B13 B12 B11 B10 B9 (B8 B7 B6 B5 B4 B3 B2 B1
X X X 1 0 1 X 1 k Nombre d’octets de la DLSDU

correctement regu lors des actuels
Messages SPA

Figure 30 — Structure d’un Message RWA

2) Message SWA:

Pour un Message SWA, une différence entre maitre et esclave doit étre faite, étant donné que
seul le maitre peut détecter immédiatement un cycle de bus comportant des erreurs (voir

Q4N

Figure3-

— Lonsqu’'un Message SPA est envoyé de l'esclave au maitre, il identifie le débuf de la
trapsmission de données répétée. Ici, le Message SPA est envoyé aprés un M¢ssage
RWA.

— Si le maitre détecte un cycle de données comportant des erreurs lorsgu’un Messade SPA
ou [SVA est envoyé a 'esclave, la transmission est répétée a partir,dél'erreur. Cet error-1
= nombre de PDU envoyé sans erreur est communiqué a I'esclave a I'aide d’'un Mg¢ssage
SWA.

Octet de code Octet‘de,données
B16 B15 B14 B13 B12 B11 B10 B9 (B8 B7 B6~B5 B4 B3 B2 B
X X X 1 1 0 X 1 k Nombre-d'6ctets de données envoyé sans
erreur
X X 0 0 1 1 (k+1)éme octet de données
0 0 1 1 (k+2)éme octet de données
x x x|o o 1 [x4¥ | Niéme octet de données

Les trg
décrits
départ
(excep|

Figure 31 — Structure d’'un Message SWA

3.4 Messages de réponse

hfirmation de données (confirmation pour les Messages SPA ou SVA):

is bits supérieurs-de I'octet de code contiennent la confirmation des messages

‘appel
ci-dessus. Cette confirmation peut également étre transmise avec un sengent de

de message de SPA ou SVA, un segment de contréle ou de données util
tion: PDUYFCB_SET) (voir Figure 32).

Octet de code Octet de données

sateur

B16 B15 B14 B13 B12 B11 B10 B9 | B8 B7 B6 B5 B4 B3 B2 B1

L_status

|x|x|x|x|1 x|x|x|x|x|x|x|x

Figure 32 — Structure d’une confirmation pour les Messages SPA ou SVA

2) Confirmation FCB_SET:

La confirmation FCB_SET accuse réception d’'une demande de FCB_SET (voir Figure 33).
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Octet de code Octet de données
B16 B15 B14 B13 B12 B11 B10 B9 (B8 B7 B6 B5 B4 B3 B2 B1

1 1 1]l0 o o | 1 | 1 Codage ci-dessous

Figure 33 — Structure d’un FCB_SET en tant que confirmation

Codage de I'octet de données pour le Message FCB_SET en tant que demande et
confirmation

Dans l'octet de données du FCB_SET en tant que demande ou du FCB_SET en tant que

confirmpation, Te mafire transmetl Tes parameires spécifiques au protocole ayani éié|réglés
avec lg service PDL_Set_Value (voir Figure 34):
Octet de code Octet de données
B16 B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1
x x x|x x x|[x]x a) 5) c)
Figure 34 — Structure de I'octet de données pour.ECB_SET
en tant que demandes et confirmations
a) |B8-B6: err_max
Il convient que le contenu de la variable err_max soit(doublé, afin d’obtenir
le nombre de tentatives pour envoyer un méme message
b) |B5-B3: Reserved
c) |B2-B1: add_wait
La variable add_wait-1 donne le nombre de ‘cycles également attendu pour une
confirmation.
4.3.5.3.4 Données des files d’attente;dont la taille de segment dépasse un mot
Exemple: Taille de données de lafile d’attente = 2 mots, transmission des donnéep avec
Messafge SWA aprés une erreur de.cycle (voir Figure 35).
Qctet de code 1er.octet de code 2éme octet de code 3éme octet de dode
X X K|[1 1 0|X |1 |ksnombre d’octets de (k+1)éme octet de (k+2)eme octet de
message envoyé sans message message
erreur
X X K[0 0 1% |(k+3)éme octet de (k+4)éme octet de (k+5)eme octet de
message message message
X X K[1 A0 [X [1 |(N-1)éme octet de Nieme octet de message XX |X[X[X]|X]]|X][X
message
Figure 35 — Structure d’'un message dont la taille dépasse un mot

Nombre de segments a transmettre pour un message (DLSDU):

Calcul: Gp(N) = (N-1)/m + 1

ou

N est la quantité de données utilisateur (y compris le nombre d’octets envoyé/regu
sans erreur ou la longueur des données)

M est le nombre d’octets de données par segment (PDU)
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Gm(N) estle nombre de PDU.

NOTE (N-1)/ m est un quotient d’entiers non arrondis.

Exemple:

Des données de file d’attente de 13 octets doivent étre émises. N = 14, y compris la longueur
des données. La taille du segment est de deux mots, c’est-a-dire que trois octets de données
sont disponibles dans le segment (m=3):

G3(14)=(14-1)/3+1=4+1=5

4.3.6 Machines de protocole de la PDL
4.3.6.1 Machines de protocole de base de la PDL
4.3.6.1.1 Description des états

La maghine de protocole de base de la PDL fournit la fonctionnalité-de la PDL et posséde les
cinq états suivants:

4.3.6.1.2 PDL_INIT

Etat aprés mise sous tension. Cet état n’est laissé .qlfe lorsque toutes les machifnes de
protocple de la PDL requises ont été générées pardes’entrées de la liste des relatipns de
communication et que les mémoires actualisées a lawréception et a la transmission de |Ja PDL
sont injtialisées.

4.3.6.1.3 PDL_RECEIVE_UPDATE

Dans det état, la PDL extrait les donnégs-utilisateur de la PDLSDU regues de la BLL e{ met a
jour lajmémoire actualisée a la réception de la PDL de la couche 2.

4.3.6.1.4 PDL_PM_ACTIVE

Avec la transition a cet état, toutes les machines de protocole sont initiees en méme femps.
Cet état ne doit étre quijttésque lorsque toutes les machines de protocole ont été traitées.

4.3.6.1.5 PDL.TRANSMIT_UPDATE

Dans et état, )la PDL extrait les données utilisateur de la mémoire actualiség a la
transmfission<de la couche 2, géneére la partie des données utilisateur de la PDLSDU a
envoyqr a,1a’BLL et transmet la PDLSDU avec une primitive BLL_Data.request (c6té maitre)
ou BLY BData.response (c6té esclave) a la BLL. Ilﬂ

4.3.6.1.6 PDL_WAIT_FOR_PDLSDU

Dans cet état, la machine de protocole de base de la PDL (voir Figure 36) attend une
primitive BLL_Data.confirm (c6té maftre) ou BLL_Data.indication (cété esclave) de la BLL.

Dans tous les états (sauf PDL_INIT) les primitives PDL_Data_Ack.request qui sont
transférées de l'utilisateur de la PDL a la PDL, sont traitées comme suit:

Tout d’abord, la demande de service est confirmée Ilocalement par une primitive
PDL_Data_Ack.confirm. Ensuite, du c6té destinataire, la PDL génére une primitive
PDL_Data_Ack.indication transmise a l'utilisateur de la PDL, qui peut étre identifiée par
I’adresse distante.
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Une réinitialisation entraine généralement une transition a I’état PDL_INIT.

PDL_
RANSMIT_
UPDATE

3
i/@)
NAIT_FOR_ 4
PDLSDU
5

Figure 36 — Machine de protocole de base de la PDL

PDL_
RECEIVE_
UFUATE

Les transitions d’état de chaque état (sauf PDL_INIT) au méme état lorsqu’une primitive
PDL_Data_Ack.request provient de l'utilisateur de la PDL, ne sont pasiprésentées afin de
simplifler les choses. Cependant, elles sont énumérées dans la table de.transitions d’état.

4.3.6.1.7 Description des transitions

Le Tableau 21 présente les transitions d’état de la machine de protocole de base de la PDL.

Tableau 21 — Transitions d’état de la machine.de protocole de base de la PDL

Etat {nitial
({ecinnedrﬂ?:rt‘ Transition Etat suivant
* action
After Power on 0 PDL_INIT

PDL_|INIT 1 PDL_INIT

\linitialization of the PDL protocol machines and
the update memories are not yet'‘completed

PDL_|INIT (master side only) 2 PDL_PM_ACTIVE
\linitialization completed
&+ start of all PDL protocél machines

PDL_|INIT (slave side only) 2a PDL_WAIT_FOR_PDLSOU
\linitialization completed
PDL_|TRANSMIT_UPDATE 3 PDL_WAIT_FOR_PDLSOU

4 copy of userdata from TUM to the
RDLSDU.AND send PDLSDU to BLL with
BLL_Data-request/response

PDL_|WAITFOR_PDLSDU 4 PDL_WAIT_FOR_PDLSOU
\|nouBLL Data.confirm/indication received
PDL_WAIT_FOR_PDLSDU 5 PDL_RECEIVE_UPDATE

BLL_Data.confirm/indication received
\ update_info == OK

PDL_WAIT_FOR_PDLSDU 6 PDL_PM_ACTIVE
BLL_Data.confirm received
\ update_info == NOK
= start of all PDL protocol machines
= if trigger_mode == AT,
then start_bus_cycle = OFF

PDL_RECEIVE_UPDATE 7 PDL_PM_ACTIVE
= copy user data from PDLSDU to RUM
= start all PDL protocol machines
= if trigger_mode == AT,
then start_bus_cycle = OFF
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\not all PDL protocol machines are stopped
OR (master side only)
start_bus_cycle == OFF

Etat initial
événement . - .
\ condition Transition Etat suivant
= action

PDL_PM_ACTIVE 8 PDL_PM_ACTIVE

PDL_PM_ACTIVE 9
\ all PDL protocol machines are stopped
AND (master side only)
start_bus_cycle == ON

PDL_TRANSMIT_UPDATE

Any_efnfn
ADL_Reset.request received
&+ PDL_Reset.confirm

PDI _INIT

Any_|state
DL_Data_Ack.request (..,rem_add,..)
PDL_Data_Ack.confirm
PDL_Data_Ack.indication to PDL-user with rem_add

same_state

Any_lstate
aJl PDL management services
& process and confirm the services

same, state

4.3.6.2 Machine de protocole de la PDL

4.3.6.2.1 Vue d’ensemble

Pour chaque esclave doté d’'une voie de paramétres dans I'anneau, la machine de protocole
de bage de la PDL du maitre gére une machiné.de protocole de la PDL. La machine de
protocple de base de la PDL d’un esclave doté d’'une voie de paramétres, ne popsséede

néanmjoins qu'une seule machine de protocole:de la PDL pour cette voie de parameétres.

Une mpchine de protocole de la PDL traite tous les services PDL_Data_Ack qui sont transmis
par le| biais d’'une voie de parameétres a la PDL et posséde, en particulier, les [taches

suivanies:

Conneglxion:
— Etgblissement de la,cofinexion PDL a I'appareil a distance.

Coté expéditeur:

— Esgai des dethandes d’envoi (PDL_Data_Ack.request) par souci de plausibilité

— Trditement des demandes d’envoi

— Confirmation des demandes d’envoi (PDL_Data_Ack.confirm)

— Segmentation de la DLSDU en segments de données
— Détection des erreurs lors du transfert des données
— Passage des segments de Message et des

confirmations avec la

BLL_Data.request/response a la Couche Liaison de Base (BLL).

Coté destinataire:

— Reéception des confirmations et des segments de données avec la BLL_Data.confirm

— Reéassemblage des segments de données en DLSDU

— Transfert de la DLSDU regue a l'utilisateur de la PDL avec PDL_Data_Ack.indication.

La Figure 37 explique la machine de protocole de la PDL en général pour un maftre et un
esclave. Les différences entre maitre et esclave sont énoncées. Chaque machine de
protocole de la PDL contréle et utilise une machine de protocole TRANSMIT et RECEIVE.
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Master

User
FAL

BLL

MAC

@ BLL BLL @ BLL @ BLL BLL

MAC MAC MAC MAC MAC

PDL PDL PDL PDL PDL  |—— PDL protocol machine
FAL FAL FAL FAL FAL
User User User User User
Slave with 110 Slave with Slave with 110
parameter module parameter parameter module
channel channel channel
Hégende
Anglais Frangais
Master Maitre
PDL protocol machines Machines de protocole de la PDL
User Utilisateur
Slave with parameter channel Esclave avec voie de paramétres
I/0 module Module E/S

4.3.6.2.2
4.3.6.2.2.1

Figure 37 — Localisations-de la PDL et des machines de protocole de la PDL|

dans le maitre et les esclaves

Compteurstet indicateurs dans les machines de protocole

Compteurs

Les cdmpteurs~décrits par la suite sont utilisés dans les machines de protocole de la PDL
pour Ig voie de-paramétres (voir Tableau 22):

Tableau 22 — Compteurs des machines de protocole de la PDL

Utilisé dans la

Compteur Description machine de
protocole
Ccycle Compteur du nombre de cycles de données depuis I'’envoi d’un signal de départ | TRANSMIT
d’un Message SPA ou SVA. Ce compteur vérifie I'exactitude des confirmations
répétées.
Ccerr Compteur du nombre de cycles de données défectueux aprés un autre lors de TRANSMIT
I'envoi d'un message.
Cconf Compteur du nombre de cycles pendant lesquels une confirmation est attendue. | PDL protocol
and
TRANSMIT
Creq_retry | Compteur des tentatives d’envoi de messages lorsque des confirmations ont été | TRANSMIT
perdues en raison de cycles de données défectueux.
CSWA Compteur du nombre de cycles pendant lesquels un Message SWA est attendu. | RECEIVE
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4.3.6.2.2.2 Indicateurs

Connection (connexion)

La machine de protocole de la PDL gére un indicateur appelé “connection” (connexion). Cet
indicateur est le méme que DISCONN, lorsque la machine de protocole de la PDL du maitre
n’est pas synchronisée avec celle d’'un esclave. Dans ce cas, le maitre ou I’esclave envoie
continuellement des messages de synchronisation jusqu’a ce que l'un d’eux soit confirmé par
I'appareil a distance. Puis Connection == READY est mise en place, c’est-a-dire que les
machines de protocole de la PDL sont synchronisées (voir Tableau 23).

Tableau 23 — Signification de I’indicateur “connection”

Connection Description

DISCONN Les machines de protocole de la PDL ne sont pas synchronisées

READY Les machines de protocole de la PDL sont synchronisées. £a'couche
PDL est préte a émettre un message

4.3.6.2.3 Description des états
4.3.6.2.31 Vue d’ensemble

La Figlire 38 présente la machine de protocole de la PBL)

) Master only

2
! Slave only

LUégende

Anglais Frangais
Master only Maitre uniquement
Slave only Esclave uniquement

Figure 38 — Machine de protocole de la PDL

Les transitions résultant de la réception d'une primitive PDL_Reset.request vont toujours d’un
état a I'état INIT. Ces transitions ne sont pas présentées individuellement mais sont décrites
par la transition 0.

4.3.6.2.3.2 INIT

Initialisation de la machine de protocole de la PDL.
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La machine de protocole de la PDL est synchronisée. Cet état contréle si la machine de
protocole RECEIVE et/ou la machine de protocole TRANSMIT est (sont) démarrée(s).

4.3.6.2

3.5 RECEIVE

La machine de protocole RECEIVE est démarrée.

4.3.6.2

La ma

4.3.6.2

La ma
PDL lo
de la

nouvel
PDL s’
une P

.3.6 TRANSMIT

hine de protocole TRANSMIT est démarrée.

4 Description des transitions

moment (voir Tableau 24).

Tableau 24 - Transitions d’état de la‘'machine de protocole de la PDL

Chine de protocole de la PDL est démarrée par la machine de protocole de bas¢ de la
rsqu’un cycle de données est terminé et que de nouvelles-données recues (PDLSDU)
part de la DLL sont disponibles. Si les données regu€s ont été traitées, et que de
es données de transmission ne sont pas disponibles, la machine de protocolg¢ de la
arréte. A 'état d’arrét, la machine de protocole ne,répond pas aux événements| Seule
DL_Reset.request entraine une réinitialisation .dé. la machine de protocole [a tout

FCB_SET request received
= send FCB_SET confirmation,
set receive and transmit FCB-Fag,
connection = READY,
reset TRANSMIT and RECEIVE protocol machine,
master side only: send enable of SVA PDU
(see TRANSMIT protocol machine),
stop PDL protocol machine

Etaf initial
événement . z .
\condition Transition Etat suivant
= action
PDL_Reset.request received Reset INIT
= initialize PDL protocol machine;
reject non-processed PDL\Data_Ack services
INIT] TFCB_Req1 |WAIT_FCB_RES
initialization of the PDlk-protocol machine completed
Cconf =0,
stop PDL protocol machine
WAI|T_FCB_RES Wait1 WAIT_FCB_RES
Cconf < DIST+add_wait
\neither\ECB_SET request (slave side only) sent nor
FCB_SET confirmation received
= inecement Cconf,
stop PDL protocol machine
WAIT_FCB_RES TFCB_Req2 |WAIT_FCB_RES
Cconf > DIST+add_wait
\neither FCB_SET request (slave side only) nor
FCB_SET confirmation received
= send FCB_SET request,
Cconf = 0,
stop PDL protocol machine
WAIT_FCB_RES RFCB_Req1 (WAIT_IBS_CYCLE_END
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Etat initial

événement
\condition
= action

Transition

Etat suivant

WAIT_FCB_RES

FCB_SET confirmation received
=set receive and transmit FCB,
connection = READY,

reset TRANSMIT and RECEIVE protocol machine.,

master side only: send enable SVA PDU
(see TRANSMIT protocol machine),
stop PDL protocol machine

5

RFCB_Conf

WAIT_IBS_CYCLE_END

WAIT_IBS_CYCLE_END

6 RFCB_Req2

WAIT_IBS_CYCLE_END

D_oLC T ds request lb‘LeiVeU
= send FCB_SET as confirmation,
set receive and transmit FCB,
connection = READY,
reset TRANSMIT and RECEIVE protocol
machines,
master side only: send enable SVA Message
(see TRANSMIT protocol machine),
stop PDL protocol machine

WA

T_IBS_CYCLE_END
receipt of a confirmation and/or a message
segments except FCB_SET request and FCB_SET
confirmation, (slave side only), no RWA PDU

= start RECEIVE protocol machine

Recv_Req

RECEIVE

WA

T_IBS_CYCLE_END (master side only)

status of RECEIVE protocol machine == WAIT_SWA

= start RECEIVE protocol machine

Wait_SWA

RECEIVE

WA

T_IBS_CYCLE_END
receipt of an IDLE message
= start TRANSMIT protocol machine

Send_Req

TRANSMIT

WA

T_IBS_CYCLE_END (slave side only)
RWA PDU received
= start TRANSMIT protocol machine
(to send a SWA PDU)

10

Recv_RWA

TRANSMIT

RE(

EIVE
RECEIVE protocol machine stopped AND
connection == DISCONN
= send FCB_SET request,
Cconf =0,
stop PDL protocol' machine

11

TFCB_Req3

WAIT_FCB_RES

RE(

EIVE (master side only)

RECEIVE protocol machine stopped AND
connection’== READY
AND RECEIVE protocol machine has sent
RWA:PDU
—stop PDL protocol machine

12

TM_Disable

WAIT_IBS_CYCLE_E

ND

RE(

EWE

13

Recv_OK2

TRANSMIT

RECEIVE protocol machine stopped AND
connection == READY
AND RECEIVE protocol machine
(master side only) has not sent a RWA PDU
= start TRANSMIT protocol machine

TRANSMIT

TRANSMIT protocol machine stopped AND
connection == DISCONN
= send FCB_SET request,
Cconf = 0,
stop PDL protocol machine

14

TFCB_Req4

WAIT_FCB_RES

TRANSMIT

TRANSMIT protocol machine stopped AND
connection == READY
= stop PDL protocol machine

15

Transm_OK

WAIT_IBS_CYCLE_END
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Machine de protocole TRANSMIT
1 Description des états
1.4 Vue d’ensemble

La Figure 39 présente la machine de protocole TRANSMIT.

Les trd
Ces tra

4.3.6.3.

Aucun

4.3.6.3.

Un me

4.3.6.3.

Un me

4.3.6.3

La ma
niveau
transiti
‘machi
simplif
une P

1 13,17, 20
—>/SEND \—>/ WAIT_
FRAME CONF

14,16

11,12, 15, 18, 19

3

Figure 39 — Machine de protocole TRANSMIT

supérieur.s:Ensuite, la machine de protocole TRANSMIT effectue seuleme
on puis,siarréte. Dans la table décrivant les transitions d’état, I'action d’arréf
he de protocole TRANSMIT’ n’était pas incluse dans toutes les transitions par sq
cation» A I'état d’arrét, la machine de protocole ne répond pas aux événements
DEK/Reset.request entraine une réinitialisation de la machine de protocole

IDLE.

PDL de
nt une
de la
uci de
Seule
a tout

nsitions résultant d'une primitive PDL_Reset vont toujodrs d’'un état a I'état T[
nsitions ne sont pas présentées individuellement mais<sont décrites par la transition 0.
1.2 T_IDLE

message n’est en cours d’envoi.

1.3 SEND_FRAME

5sage est en cours d’envoi.

1.4 WAIT_CONF

5sage a été envoyé. Lasconfirmation de I'appareil a distance est attendue.

.2 Description.des transitions

chine de protocole TRANSMIT est démarrée par la machine de protocole de la H

momer

M-voir-Tabload-25)-
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Tableau 25 — Transitions d’état de la machine de protocole TRANSMIT

Etat initial
événement
\condition
= action

Transition

Etat suivant

PDL_Reset.request
= reset TRANSMIT protocol machine

Reset

T_IDLE

T_IDLE
there is no send enable for a SVA PDU (master only)
and no PDL_Data_Ack.request
= no action (waiting)

Wait1

T_IDLE

_IDLCE
send enable for SVA PDU (master only) or
PDL_Data_Ack.request
\PDU shall be transmitted with more than
one segment
= enter start segment of the SPA/SVA PDU,

Ccycle = Ccerr = Creq_reply = 0

Request]

SEND_FRAME, |

I_IDLE
send enable for SVA PDU (master only) or
PDL_Data_Ack.request
\PDU can be transmitted with one segment
= enter start segment of the SPA/SVA PDU,
Ccycle = Ccerr = Creq_reply =0,
Cconf =0

Request2

WAIT_CONF

SEND_FRAME
repeated confirmation for SPA PDU received
(repeated positive or repeated queue full)
\DIST < Ccycle < DIST+add_wait
= change transmit FCB,
sent SPA confirmation

Recv_Conf1

T_IDLE

SEND_FRAME
repeated confirmation for SVA PDU received
(repeated positive or repeated queue-full)
\DIST < Ccycle < DIST+add_wait
= change transmit FCB

Recv_Conf2

T_IDLE

SEND_FRAME
repeated confirmation far SPA or SVA PDU
received (repeated positive or repeated queue full)
\Ccycle < DIST OR Ccycle > DIST+add_wait
= connection ¥ DISCONN

Disconn1

T_IDLE

SEND_FRAME
last data_€ycle contained errors
\Ccerr'&'max_swa_count
=.increment Ccerr ,
enter SWA PDU,
increment Ccycle

Cycl_Err1

SEND_FRAME

SEND FRAME

Mult Errd

T IDLE

last data cycle contained errors
\Ccerr > max_swa_count

= connection = DISCONN

SEND_FRAME
last data cycle completed without errors
\more than one data segment to be sent
= enter DATA PDU,
increment Ccycle

Send_Segm1

SEND_FRAME

SEND_FRAME
last data cycle completed without errors
\last data segment to be sent
= enter DATA PDU,
Cconf =0

10 Send_Segm2

WAIT_CONF
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Etat initial
événement
\condition
= action

Transition

Etat suivant

WAIT_CONF
confirmation SPA received (positive,
repeated pos., queue full or repeated queue full)
= change transmit FCB,
enter SPA PDU

11

Recv_Conf3

T_IDLE

WAIT_CONF
confirmation for SVA PDU received (positive, repeated
pos., queue full or repeated queue full)
= change transmit FCB

12

Recv_Conf4

T_IDLE

WAIT_CONF
no confirmation received
\Cconf > DIST+add_wait AND
Creg-retry < max_req_retry AND queued data can be
transmitted with one segment
= increment Creq_retry ,
enter start segment of SPA or SVA PDU,
Ccycle = Ccerr = 0,
Cconf=0

13

Timeout1

WAIT_CONF

WAIT_CONF

no confirmation received

\Cconf > DIST+add_wait AND

Creq_retry < max_req_retry AND queued data shall be

transmitted with more than one segment

= increment Creq_retry ,
enter start segment of the SPA or SVA PDU,
Ccycle =0, Ccerr=0

14

Timeout2

SEND_FRAME

WAIT_CONF
no confirmation received
\Cconf > DIST+add_wait AND
Creq_retry > max_req_retry
= connection = DISCONN

15

Mult_TO

T_IDLE

WAIT_CONF
last data cycle contained errors
\Ccerr < max_swa_count AND more than one data
segment is to be sent repeatedly
= increment Ccerr ,
enter SWA PDU

16

Cycle_Err2

SEND_FRAME

WAIT_CONF
last data cycle contained errors
\Ccerr < maxixswa_count AND SWA PDU can
accept all.data which is to be sent repeatedly
= incfement Ccerr,
enter SWA PDU in PDLSDU,
Cconf =0

17

Cycle_Err3

WAIT_CONF

WAIKT_CONF

18

Mult_Err2

T_IDLE

Tast data cycle contained errors
\Ccerr > max_swa_count
= connection = DISCONN

WAIT_CONF
repeated confirmation for SPA or SVA PDU
received (repeated positive or repeated queue full)
\Ccycle < DIST OR Ccycle > DIST+add_wait
= connection = DISCONN

19

Disconn2

T_IDLE

WAIT_CONF
no queue received
\Cconf < DIST+add_wait
= increment Cconf and Ccycle

20

Wait2

WAIT_CONF
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4.3.6.4
4.3.6.4
4.3.6.4

Machine de protocole RECEIVE
A Description des états
1.1 Vue d’ensemble

La Figure 40 présente la machine de protocole RECEIVE.

1,2,3,5,6,7 11, 18,19 21

L

\AZEY

SWA

JARVYTNT SROAN
L

8,9, 10, 12, 13,
14915, 16, 17

22,24, 25,26

1) The WAIT_SWA state as well as the transitions from
and to WAIT_SWA are for the master only
2) For a slave only

égende

Anglais Francgais

—

fr

he WAIT_SWA state as well as the transitions L’état WAIT_SWA ainsi que les transitions de et
pom and to WAIT_SWA are for the master only a WAIT_SWA sont uniquement pour le maitre

v iqu ur u \%
pbr a slave onl tIniguement pour un esclave

Figure 40 — Machine 'de protocole RECEIVE

Les transitions résultant d'une primitive PDL_Reset.request vont toujours d’'un état

R_IDL
transiti

E. Ces transitions ne sont pas-“présentées individuellement mais sont décrites
on 0.

4.3.6.4.1.2 R_IDLE

Aucun

message n’est en cours de réception.

4.3.6.4.1.3 SEND_FRAME

Un me

5sage_est’en cours de réception.

h |'état
par la

4.3.6.4.1.4 WAIT_SWA (c6té maitre uniquement)

Une PDU RWA a été envoyée. La PDU SWA de réponse est attendue.

4.3.6.4.2 Description des transitions

La machine de protocole RECEIVE est démarrée par la machine de protocole de la PDL de
supérieur. Ensuite, la machine de protocole RECEIVE effectue seulement une
transition puis s’arréte. Dans le Tableau 26 qui décrit les transitions d’état, 'action d’arrét de
la ‘machine de protocole RECEIVE’ n’a pas été incluse dans toutes les transitions par souci
de simplification. A I'état d’arrét, la machine de protocole ne répond pas aux événements.
Seule une PDL_Reset.request entraine une réinitialisation de la machine de protocole a tout
moment.

niveau
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Tableau 26 — Transitions d’état de la machine de protocole RECEIVE

Etat initial
événement ies B .
\condition Transition Etat suivant
= action
PDL_Reset.request received 0 Reset R_IDLE
= reset RECEIVE protocol machine
R_IDLE 1  Wait1 R_IDLE
no SVA (slave only) or SPA PDU received
= no action (waiting)
R_IDLE 2 Disconn1i R_IDLE
SVA(STave only) or SPA PDU received
\receive FCB = await FCB AND
no confirmation has yet been sent for this receive FCB
= connection = DISCONN
R _IDLE 3 Rep_Recept1 (R_IDLE

SVA (slave only) or SPA PDU received
\receive FCB = await FCB AND
a confirmation has already been sent for this receive
FCB
= enter repeated confirmation in PDLSDU
(repeated positive or repeated queue full)

R _IDLE

SVA (slave only) or SPA PDU received

\start segment does not contain the complete message
= accept data octets

4 RStart/Sgm1

RECEIVE_FRAME

R_IDLE 5 RStart_Sgm2 |R_IDLE
SPA PDU received
\start segment does not contain a complete message
AND memory available
= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to the PRL-User
R _IDLE 6 RStart_Sgm3 (R_IDLE
SPA PDU received
\start segment contains complete message AND
no more memory availablg
= enter negative confirmation (queue full) in PDLSDU,
change receive FCB
R_IDLE (slave only) 7 RStart_Sgm4 |R_IDLE
SVA PDU received
\start segment,contains complete message
= acceptdata octets,
enterpositive confirmation in PDLSDU,
change receive FCB
ECEIVE_FRAME 8 Segm_Err R_IDLE
':1 fio DATA PDU, no SWA PDU
afe-re-SYA(stare-ontyror-SPAPBU-reeeived
= stop the sending of a message
RECEIVE_FRAME 9 Disconn2 R_IDLE
SVA (slave only) or SPA PDU received
\receive FCB = FCB in start segment AND
no confirmation was sent for the received PDU
= connection = DISCONN
RECEIVE_FRAME 10 Rep_Recept2 |R_IDLE

SVA (slave only) or SPA PDU received

\receive FCB # await FCB in start segment AND

a confirmation has already been sent for the PDU

= enter repeated confirmation in PDLSDU
(repeated positive or repeated queue full)
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Etat initial
événement . - .
\condition Transition Etat suivant
= action

RECEIVE_FRAME 11 RStart_Sgm5 |RECEIVE_FRAME

SVA (slave only) or SPA PDU received

\receive FCB == await FCB in start segment AND
start segment does not contain the complete message
= accept data octets

RECEIVE_FRAME 12 RStart_Sgmé |R_IDLE
SPA PDU received
\receive FCB == await FCB in start segment AND
start segment contains a complete message AND
merory avaitapte
= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to the PDL-user

RECEIVE_FRAME 13 RStart_Sgm7 |R_IDLE

SPA PDU received

\receive FCB == await FCB in start segment AND

start segment contains a complete message

AND no more memory available

= enter negative confirmation (queue full) in PDLSDU,
change receive FCB

RECEIVE_FRAME (slave only) 14 RStart_Sgm8 |R_IDLE
SVA PDU received
\receive FCB == await FCB in start segment AND
start segment contains a complete message
= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB

RECEIVE_FRAME 15 RData_Sgm1 |R_IDLE
DATA PDU received
\last data segment of SAP AND memory available
= accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication te(PDL-user

RECEIVE_FRAME 16 RData_Sgm2 |R_IDLE

DATA PDU received

\last data segment ofia SPA PDU AND

no more memory available

= enter negative'confirmation (queue full) in PDLSDU,
change receive FCB

RECEIVE_FRAME " (slave only) 17 RData_Sgm3 |[R_IDLE
DATA PDUreceived
\last data’segment of SVA
= _accept data octets,
enter positive confirmation in PDLSDU,
change receive FCB

RECEIVE_FRAME 18 RData_Sgm4 |RECEIVE_FRAME
DATA PDU received
\not last data segment of a SVA (slave only)

or SPA PDU
= accept data octets
RECEIVE_FRAME (slave only) 19 RSWA_Sgm1 |RECEIVE_FRAME

SWA PDU received
= accept data octets (observe new position in the
data flow)

RECEIVE_FRAME (master only) 20 Cycle_Err WAIT_SWA
last data cycle contained errors
= enter RWA PDU in PDLSDU (correct position in
the message),
Cswa=0
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Etat initial
événement
\condition
= action

Transition

Etat suivant

WAIT_SWA (master only)
no SWA PDU received
\Cswa < DIST+add_wait
= increment CswaA

21

WAIT2

WAIT_SWA

WAIT_SWA (master only)
no SWA PDU received
\Cswa > DIST+add_wait

22

Time_Out

R_IDLE

WAIT_SWA (master only)

23

RSWA_Sgm2

RECEIVE_FRAME

SWAPDUTecelived

\SWA PDU does not contain the last data

= accept data octets (observe new position in the
data flow)

WAIT_SWA (master only)

SWA PDU received

\SWA PDU contains the last data

of a SPA AND memory is available

= accept data octets (observe new position in
the data flow),
enter positive confirmation in PDLSDU,
change receive FCB,
PDL_Data_Ack.indication to PDL-user

24

RSWA_Sgm3

R_IDLE

WAIT_SWA (master only)

SWA PDU received

\SWA PDU contains the last data

of SPA AND no more memory available

= enter negative confirmation (queue full) in PDLSDY;
change receive FCB

25

RSWA_Sgm4

R_IDLE

WAIT_SWA (master only)

SWA PDU received

\SWA PDU contains the last data of SVA

= accept data octets (observe new pasition in the
data flow),
enter positive confirmation in PDLSDU,
change receive FCB

26

RSWA_Sgm5

R_IDLE

4.4 Louche Liaison de Base (BLL)

4.4.1 Fonctionnalité de la BLL

La Couche Liaison\de Base est la composante d’'un appareil chargée de l'accés aix bus
contrélé.

Dans Ig cas du maitre, elle met le service BLL _Data a disposition au niveau de son injerface
avec la PDL. Ce service permet d'exécuter des cycles de données spécifiques et d’échanger
des donmméesentretaPDtettaBt—DanstesctaveaBtt yalalltit que tes—donmées egues

sont transmises a la PDL et que de nouvelles données qui doivent étre envoyées sont
acceptées par la PDL (voir Figure 41).
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DLS-user DLMS-user
S S—
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Légende
Anglais Frangais
DLS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Lpyer 2 Couche 2
Lpyer 1 Couche 1
Figure 41 — Localisation de la BLL dans la DLL
La BLU peut étre paramétrée et réinitialisée par le biais de I'intefface avec la PNM2.
La Cquche Liaison de Base du Maitre est subdivisée en “machine de protocple de
fonctionnement de la BLL” et “machine de protocole BLL-BAC”. Un esclave posséde
seulement une machine de protocole de fonctionnement de la BLL simplifiée.
4.4.2 Interface PDL-BLL
4.4.21 Généralités
Le pafagraphe 4.4.2 décrit le service® de transmission de données BLL_Data, mis a la
disposltion de la PDL, avec ses primitives de service et les paramétres associés. Le gervice

BLL_Djata est obligatoire. La Figure 42 présente I'interface entre la PDL et la BLL @

modéle

des couches.

ans le

DLS-user DLMS-user
o>
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Légende
Anglais Frangais
DLS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Layer 2 Couche 2
Layer 1 Couche 1

Figure 42 — Interface entre la PDL et la BLL dans le modéle des couches
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4.4.2.2 Vue d’ensemble du service et des interactions
4.4.2.21 BLL_Data

La BLL met le service BLL_Data a la disposition de la PDL. Avec ce service et une PDLSDU,
la PDL du maitre transfére les données de SORTIE au sein d'un cycle de données aux
esclaves et recoit simultanément toutes les données d'ENTREE des esclaves avec une
PDLSDU. Les données d’ENTREE et de SORTIE sont séparées dans le temps, c’est-a-dire
que les données d’ENTREE et de SORTIE qui sont envoyées ou regues avec un appel de
service, ne nécessitent pas d’appartenir a un seul et méme cycle de données. Par
conséquent, la PDL et la PhL peuvent fonctionner indépendamment 'une de l'autre.

Le copiportement des esclaves est similaire a celui du maitre.
La BLY d’un esclave fournit les nouvelles données de SORTIE recues a la PDL a laide d’une
indicatjon. La PDL transmet les données d’ENTREE & envoyer au cours du prochairn cycle de
donnégs a la BLL a 'aide d’une réponse. Les données d’ENTREE seront enveyéés dans I'un
des prochains cycles de bus sur le support physique au maitre.

Le seryice BLL_Data est fourni a I'aide de quatre primitives de service.”"lLe maitre utilise une
primitite de demande pour demander un service. Une primitive de confirmation est retpurnée
au malitre aprés I'exécution du service. La BLL envoie de nouvelles‘données d’ENTREE avec
la primitive d’indication a la PDL. La PDL répond a cette indication avec une primifive de
réponsie.

Primitiyes de service:

— BLIL_Data.request (c6té maitre uniquement)
— BLIL_Data.confirm (c6té mafitre uniquement)
— BLL_Data.indication (c6té esclave uniquement)
— BLL_Data.response (c6té esclave unigiement).

4.4.2.3 Vue d’ensemble des interactions

La Figlire 43 présente les relationstemporelles des primitives pour le service BLL_Datq:
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Master Slave
(Initiator) (Responder)

BLL_Data.req (PDLSDU,, )

%

BLL_Data.con (PDLSDU )

BLL_Data.ind (PDLSDU )

BLL_Data.req (PDLSDU,, )

‘] BLL_Data.res (PDLSDU g)

BLL_Data.con (PDLSDU )

BLL_Data.ind (PDLSDU )

BLL_Data.req (PDLSDU,, )

e BLL_Data.res (PDLSDU g )

BLL_Data.con (PDLSDU )
BLL_Data.ind (PDLSDU)

BLL_Data.req (PDLSDU,, )

% BLL_Datares (PDLSDU )

BLL_Data.con (PDLSDU )

Hégende

Anglais Francgais
Master (initiator) Maitre (initiateur)
Slave (responder) Esclave (répondeur)

Figure 43 — Service BLL_Data

4.4.2.] Informations détaillées relatives aux services et aux interactions
1

4.4.2.4. BLL_Data

Le seryice BLL_Data est obligatoire.

A l'aid¢ de la.BLL Data.request (cdté maitre uniquement), la PDL du maitre doit utilisgr cette
primitiye de-‘§ervice pour envoyer une PDLSDU au cours du prochain cycle de donndes. La
PDLSDU/deit contenir toutes les données qui doivent étre transmises sur le bus dans un
cycle dendonnées. Si la BLL du maitre a recu de nouvelles données, elle les transmgt sous
forme d’'une PDLSDU a la PDL a l'aide d’'une BLL_Data.confirm. Le paramétre update_info
contient les informations indiquant si les données sont ou non valides. Les données regues
ne sont pas valides lorsqu'un cycle de données contenait des erreurs. La BLL confirme
immédiatement une BLL_Data.request a l'aide d’'une BLL_Data.confirm avec result (-), a
condition qu’aucune configuration de bus valide n’existe ou la BLL ne peut pas accepter
d’autres données de SORTIE en raison d’un manque de ressources.

La BLL d’un esclave transfére les nouvelles données regues sous forme d’'une PDLSDU a la
PDL a l'aide de la primitive BLL_Data.indication. La BLL ne récupére aucune donnée recgue
lorsqu’il existe des erreurs dans les cycles de données et par conséquent, ne génere pas de
BLL_Data.indication. A l'aide d’une primitive BLL_Data.res, la PDL des esclaves envoie de
nouvelles données de transmission dans une PDLSDU a la BLL (voir Tableau 27).
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Tableau 27 — BLL_Data

Nom de parameétre Request |Indication | Response | Confirm

Argument M M
PDLSDU M M

Result(+)
PDLSDU
update_info

Result(-)
error_code

=<
=En 220

argumgent:
L'argument contient les paramétres de I'appel du service spécifiques au service.

PDLSDU:

Requejst:
Le parameétre PDLSDU contient les données de SORTIE a tous les esclaves, qui doiveg

nt étre

transfgrées dans un cycle de données. La BLL transmet les doanées a la couch¢ MAC

subordonnée.

Indication:
Le panamétre PDLSDU contient les données de SORTIE recues dans le dernier cy
donnégs sans erreur.

result(+):

Ce parameétre indique que le service a été exécuté avec succes.
Confirmation:

Ce palamétre contient les données d’ENTREE que le maitre a regu dans le dernier c\
donnégs.

Respojnse: )
La PDLSDU contient les données d’ENTREE d’un esclave qui doivent étre émises d
cycle de données.

update_info:
Ce parametre décrit la validité des données d’ENTREE. Les codes possibles sont:

a) OK|— la'RDLSDU contient des données d’ENTREE valides.

cle de

cle de

ANS un

b) NO|K “|la PDLSDU ne contient pas de données d’ENTREE valides.

result(-):
Ce parameétre indique que le service n’a pas pu étre exécuté avec succes.

error_code:

Ce parameétre indique la raison pour laquelle le service n’a pas pu étre exécuté avec succes.

Les codes d’erreur possibles sont:

STATE_CONFLICT

La PDL a envoyé une BLL_Data.request, bien qu’aucune configuration de bus valide n’existe.
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NO_RESRC

La PDL a envoyé une BLL_Data.request, bien que la BLL ne soit pas préte a accepter de

nouvelles données de SORTIE.

4.4.3 Interface PNM2-BLL

4.4.3.1 Généralités

La gestion de la BLL fait partie de la BLL fournissant la fonctionnalité de gestion de la BLL
requise par la PNM2. La gestion de la BLL prend en charge l'initialisation, la surveillance et la

récupération des erreurs dans la BLL.

Le paragraphe 4.4.3 définit les services administratifs de gestion de la BLL .mi
disposition de la PNM2, ainsi que leurs primitives de service, et leurs parameétres as
La Figlire 44 présente I'interface entre la PNM2 et la BLL dans le modéle des couches.

DLS-user

DLMS-user

>
DL
Layer 2 PDL
- BLL PNM2
MAC

Layer 1 PhL PNM

Hégende
Anglais Francgais

DILS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Lpyer 2 Couche 2
Lpyer 1 Couche 1

L’'interface de service,entre la PNM2 et |la BLL fournit les fonctions suivantes.

— Réinitialisationtde la BLL

— Deande €t modification des paramétres de fonctionnement actuels de la BLL
— Indjcation~des événements inattendus, des erreurs et changements de statut surve

aygnt.été détectés dans la BLL.

Figure 44 — Interface entre PNM2 et BLL dans le modéle des couches

nus ou

4.4.3.2 Vue d’ensemble des services

4.4.3.21 Services disponibles

La BLL met a la disposition de la PNM2 les services suivants.

— BLL_ID (acquisition de la configuration de bus)
— Reset BLL

— Set Value BLL

— Get Value BLL

— Event BLL.

Les services de la BLL sont décrits avec les primitives (commengant par BLL_...).
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4.4.3.2.2 BLL_ID

La BLL (c6té maitre uniquement) met a la disposition de la PNM2 le service BLL_ID requis.
Avec ce service et une BLLSDU, la PNM2 du maitre transfére les codes de contrdle pour un
cycle d’identification aux esclaves et recoit tous les codes d’appareil d'un cycle
d’identification de la part des esclaves avec une BLLSDU.

Primitives de service:

— BLL_ID.request (maftre uniquement)
— BLL_ID.confirm (maitre uniquement)

4.4.3.23 BLL_Reset

La PNM2 utilise ce service requis pour réinitialiser la BLL. Une fois le service‘exéduté, la
PNM2 frecoit une confirmation.

Primitives de service:

— BLL _Reset.request
— BLL_Reset.confirm

4.4.3.2.4 BLL_Set_Value

La PNM2 utilise ce service facultatif afin d’attribuer unenouvelle valeur aux variables de la
BLL. Une fois terminé, la PNM2 regoit une confirmation“de la BLL indiquant si les variables
définiep ont accepté ou non la nouvelle valeur.

Primitives de service:

— BLL_Set Value.request

— BLL_Set_Value.confirm
4.4.3.2.5 BLL_Get_Value

La PNM2 utilise ce service facultatif afin de lire les variables de la BLL. La valeur actuglle de
la variable définie est transmise dans la réponse de la BLL.

Primitives de service:

— BLL_Get_Valterrequest,

— BLL_Get_V\talue.confirm.

4.4.3.2.6 BLL_Event

La BLL utilise ce service requis afin d’informer [I'utilisateur de la PNM2 de certains
événements ou de certaines erreurs détecté(e)s dans la BLL.

Primitive de service:
— BLL_Event.indication
4.4.3.3 Vue d’ensemble des interactions

La Figure 45 et la Figure 46 présentent les relations temporelles des primitives de service:
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1

4.4.3.4.

cycle
donné
maitre

donnég¢s sous forme d'une BLLSDU a la“PNM2 avec une BLL_ID.confirm. Les dd

A I’aidf d’'une BLL_ID.request, la PNM2 transfére une BLLSDU a la BLL. La BLL doit in
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BLL PNM 2

BLL_XXX.req

BLL_XXX.con

Figure 45 — Services Reset, Set Value et Get Value BLL

BLL PNM 2

BLL_Event.ind

Figure 46 — Service Event BLL

BLL_ID (c6té maitre uniquement)

‘identification lorsqu’elle recoit cette demande. La BLLSDU doit contenir tou
s qui doivent étre émises sur le bus dans un cycle d’identification. Si la BL
a recu de nouvelles données regues*dans un cycle d’identification, elle transni

tier un
es les
L d’'un
et ces
nnées
prreurs

recues| ne sont pas valides lorsqiuh cycle d’identification contenait des
(voir Tableau 28).
Tableau 28 — BLL_Data
Nom de parameétre Request Confirm
Argumernt M
SbuU M
Result(+) S
SDU M
Result(-) S
error_code M
argument:

L'argument contient les paramétres de I'appel du service spécifiques au service.

SDU:

Request: Le paramétre SDU contient les codes de contréle a tous les esclaves, qui doivent
étre transférés dans un cycle d’identification. La BLL transmet les données a la couche MAC
subordonnée.

result(+):

Ce parameétre indique que le service a été exécuté avec succes.
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Confirmation: Ce parametre contient les codes d’appareil que le maitre a regus dans le
dernier cycle d’identification.

result(-):
Ce parameétre indique que le service n’a pas pu étre exécuté avec succes.
error_code:

Ce parametre indique la raison pour laquelle le service n’a pas pu étre exécuté avec succes.

44342  BLL_Reset

Le serjice BLL_Reset est obligatoire. La PNM2 transfére une BLL Reset.request a Ja BLL
afin def la réinitialiser (voir Tableau 29).

Tableau 29 — BLL_Reset

Nom de paramétre Request Confirm

Argument M
Result(+) M

4.4.3.4.3 BLL_Set_Value

Le service BLL_Set Value est obligatoire.~~xLa PNM2 transfére une pfimitive
BLL_Set_Value.request a la BLL afin de mettre, une variable définie de la BLL a une|valeur
souhaitée. Apres réception de cette primitive; ta BLL essaie de sélectionner la variable et
d'attribuer la nouvelle valeur. Une fois” terminé, la BLL transmet une pifimitive
BLL_Set_Value.confirm a la PNM2 (voir.Taableau 30).

Tableau 30 — BLL_Set_Value

Nom de paramétre Request Confirm
Argument M
variabletname M
desired_yalue M
Result(+) M

variabje_name:

Ce parfaméetre définit la variable BLL mise a une nouvelle valeur.

desired_value:
Ce parameétre spécifie la nouvelle valeur pour la variable de la BLL.

Le Tableau 31 fournit des informations indiquant les nouvelles valeurs auxquelles doivent étre
mises les nouvelles variables de BLL.
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Tableau 31 — Variables de BLL

Nom de la variable de Plage de valeurs Par
BLL défaut
update_time T, (0..215) * 0,1 ms

bus_timeout TTO_BUS (0..215) * 1 ms

Configuration_valid true, false false

BLL_access_control locked, req_to_lock, unlocked |locked

4.4.3.

Le sprvice BLL_Get Value est facultatif. La PNM2 transfére unel )\pf
BLL_Get_Value.request a la BLL afin de lire la valeur actuelle d’'une variablecdéfinig
BLL. Aprés réception de cette primitive, la BLL essaie de sélectionner la variable spéc
transmlet sa valeur actuelle a la PNM2 avec une primitive BLL_ Get Valle.confirn
Tabledqu 32).

Tableau 32 — BLL_Get_Value

Nom de paramétre Requeést Confirm
Argument WY
variable_name M
Result(+) M
current_value M

variabje_name:

Ce parameétre spécifie la variable de la Blck."dont la valeur peut étre lue.
desired_value:

Ce parameétre contient la vale(rjlue de la variable de la BLL.

Les v;riables de la BLE\&"lire sont exactement ces variables sur lesquelles on peut
avec BLL_Set Value.

4.4.3.45 BLL~Event

Le seryice BLE Event est obligatoire. La BLL transfére une primitive BLL_Event.indic
la PNM2 , pour l'informer d'événements ou d'erreurs importantes dans la BLL (

imitive
de la
fiée et
h (voir

écrire

ation a
voir le

Tablegu'33 et le Tableau 34).

Tableau 33 — BLL_Event

Nom de parameétre Indication

Argument M
event M
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event:

Ce paramétre spécifie I’événement survenu ou la source de l'erreur dans la BLL et peut
prendre les valeurs suivantes:

Tableau 34 — BLL_Event

Nom Signification Obligatoire /
Facultatif
BLL_bus_timeout Il existe une temporisation de bus tto _gus, c’est-a-dire, que le temps entre F

deux cycles de données terminés sans erreur était trop long. La BLL a
déclaré 1a configuration du bus comme invalide

BLL_update_timeout |l existait une temporisation mise a jour avant le démarrage du prochain F
cycle de données.

BLL_cydle_error Identifie les cycles avec des erreurs, la BLL interrompt les cycles de 0o
données, attend I'activation de la PNM2 par la BLL_Set_Value (variable:
BLL_access_control = unlocked)

4.4.4 Machines de protocole de la BLL
4.4.41 Machines de protocole de la BLL du maitre
4.4.4 11 Vue d’ensemble

La machine de protocole de fonctionnement de la BLL' du maitre recoit les donnges de
SORTIE de la couche PDL de niveau supérieur et les transmet a la BLL-BAC-PM. Lp BLL-
BAC-PM démarre ensuite un cycle de données contrélé par un temporisateur. De plus| aprés
un cydle de données, la machine de protocole~de fonctionnement de la BLL recpit les
donné}s d’ENTREE de la BLL-BAC-PM et lestrahsmet a la PDL de niveau supérieur. Klle est

capable d’initier le cycle de données suivanttalors que la PDL est encore en train de| traiter
les dompnées du dernier cycle. Une autre fonctionnalité est la surveillance de la tempolfisation
du bug to sus. Aprés un cycle de données comportant des erreurs, les PDLSDU existantes
dans |§ BLL sont rejetées en raison.du mode de fonctionnement des machines de protocole
de la HDL.

Dans I maitre, la BLL-BAC-PM (BAC: 'Contrdle d’Acces de Base') garantit que l'update_time
tur est conservé pour_les’ cycles de données. Ainsi, elle transmet, initiées par un
tempoiisateur, des BAC "Cycle.requests de la machine de protocole de fonctionnement de la
BLL & Ila couche( MAC en tant que MAC_Cycle.requests. De plus, la vgriable
BLL_Afrcess_Controh peut étre utilisée pour interrompre le démarrage des cycles de Hus par
la PNM2 afin_dé-"démarrer des cycles d’identification a cet endroit. Etant donrlé que
I'appliqation dé_diagnostic exécutera probablement un cycle d’identification aprés un cycle de
donnég¢s comportant des erreurs, la BLL-BAC-PM met la variable BLL_Access_Contro| aprés
une efregr de cycle de donnees automathuement a “locked”. Aprés executlon d’ un cycle
S avec

un service BLL_ Set Value.

4.4.41.2 Fonctions internes a la BLL

La BLL-MAC-PM met le service BAC_Cycle a la disposition de la machine de protocole de
fonctionnement de la BLL du maitre. Dans la BLL-MAC-PM, le service est mappé au service
MAC_Cycle de la sous-couche MAC. La structure du service BAC_Cycle correspond
exactement a celle du service MAC_Cycle.

La différence entre les deux services repose sur le fait qu'avec le BAC_Cycle, un cycle de
bus n’est pas immédiatement démarré aprés I'appel de service, mais le démarrage du cycle
est synchronisé a l'horloge du temporisateur. La PNM2 peut également empécher le
démarrage du cycle avec le service BLL_Set Value (BLL_access_control variable).
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.3 BAC_Reset

Aprés un BLL_Reset, la machine de protocole de fonctionnement réinitialise la BAC-PM avec

le serv

4.4.41

ice BAC_Reset. Le service est immédiatement confirmé.

4 Machine de protocole de fonctionnement de la BLL

La Figure 47 présente la machine de protocole de fonctionnement de la BLL d’un maftre.

)0\

BLL_INIT

NO_BUS_CONFIG

11,12, 14,16

Figure 47 — Machine de protocole de fonctionnement de la BLL du maitre

Les transitions résultant d'une primitive (BLL_Reset.request vont toujours d'un état tl’état
JS CONFIG. Ces transitions ne sont pas spécifiées individuellement mais sont décrites

NO_BJ\
par la

ransition 0.

Etats de la machine de protocole de fonctionnement de la BLL du maitre

4.4.41

La C
configy

4.4.41

Il n’ex

4.1 BLL_INIT

puche Liaisonh./ de Base, y compris les variables BLL_access_cont
ration_valid;-est initialisée et/ou réinitialisée.

4.2 NO_BUS_CONFIG

ste_aucune configuration de bus active valide. Aucun cycle de données ne pe

ol et

rJt étre

exécuté

4.4.41

C.

4.3 READY

Il n’existe aucune configuration de bus active valide. Un cycle de données peut étre initié
avec une BLL_Data.request.

4.4.41

4.4 DATA_CYCLE

Un cycle de données a été initié avec une BLL_Data.request.

Le Tableau 35 décrit les transitions d’état.

Les événements suivants peuvent survenir dans chaque état et doivent étre pris en compte.
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— Modification de la valeur de la variable configuration_valid (La PNM2 peut modifier cette
valeur avec BLL_Set_Value).

— BLL_Data.request.

— BAC_Cycle.confirm (si une BAC_Cycle.request a été envoyée auparavant).

— Temps ty expiré, c’est-a-dire, que la temporisation de bus tro sus a été dépassée.

— BLL_Reset.request.

BLLSDU de réception et de transmission:

Dans la machine de protocole de fonctionnement de la BLL, une distinction est effectuée

entre |
contier
tandis
la sou
nécesg
mise e

t les données qui ont été regues par la sous-couche MAC aprés un cycle de-do
que la BLLSDU de transmission (BLL_TSDU) contient toutes les donnéesf(éenvo
5-couche MAC avant un cycle de données. Etant donné que la BLL_RSDU n’e
airement transmise a la PDL immédiatement aprés la fin du cycle, la,BLL_RS

h mémoire tampon avec une SDU_statusg.._rspu dans la BLL:

SD U_StatusBLL_RSDU

a) OK
ter

b) N
pag

— il existe des données d’entrée valides étant donné_ quiun cycle de donnée|

iné sans erreur.

RSDU)
nnées,
yées a
st pas
DU est

s s'est

K — il n’existe aucune donnée d’entrée valide étant denné qu’un cycle de donnges n’a

encore été exécuté ou parce que le dernier cycle~de données contenait des errg

Tableau 35 — Transitions d’état de’la'machine de protocole
de fonctionnement deila'BLL du maitre

= Initialize operating(PM;
reject BLL_TSDUs and BLL_RSDUs which have not
yet been processed

Etat initial
\i‘;ir:;:?::t Transition Etat suivant
= action
After power on 0 BLL_INIT
BLL_INIT 1a NO_BUS_CONFIG

urs.

configuration_valid == false (edge)

NO_BUS_CONEIG 1b READY
configuration/valid == true (edge)
= generate'BLL_RSDU with SDU_statusgLL_rspu =
NOK
NO_BUS/CONFIG 3 NO_BUS_CONFIG
BLL_Data.request
= BLL_Data.confirm (-) with error_code =
STATE_CONFLICT
READY 6 BLL_INIT
configuration_valid == false (edge)
READY 7 DATA_CYCLE
BLL_Data.request
= accept PDLSDU as BLL_TSDU ,
BLL_Data.confirm(+) with PDLSDU = BLL_RSDU
and update_info = SDU_statusgLL_RrsDuU,
BAC_Cycle.request with BLLSDU = BLL_TSDU
READY 8 BLL_INIT
timer T1 expired
= BLL_Event.indication with event = BLL_bus_timeout
DATA_CYCLE 10 BLL_INIT
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Etat initial
événement . - .
\condition Transition Etat suivant
= action

DATA_CYCLE 1 DATA_CYCLE

BLL_Data.request
\still resources available
= accept PDLSDU as BLL_TSDU

DATA_CYCLE 12 DATA_CYCLE
BLL_Data.request
\no more resources available
= BLL_Data.confirm (-) with error_code = NO_RESRC

BATA—GYGLE 13 REABY
BAC_Cycle.confirm with BLLSDU and result == OK
\no further BLL_TSDU available
= set timer T to value Tto_sus,
buffer BLLSDU as BLL_RSDU with
SDU_statusgLL_rspu = OK

DATA_CYCLE 14 DATA)CYCLE
BAC_Cycle.confirm with BLLSDU and result == OK
\further BLL_TSDU available
= set timer T4 to the value Tto_sus,
BLL_Data.confirm(+) with PDLSDU = BLLSDU and
update_info = OK,
BAC_Cycle.request with BLLSDU = BLL_TSDU

DATA_CYCLE 15 READY
configuration_valid == false (edge)
DATA_CYCLE 16 DATA_CYCLE

BLL_Data.request
\still resources available
= accept PDLSDU as BLL_TSDU

DATA_CYCLE 17 BLL_INIT
BLL_Data.request
\no more resources available
= BLL_Data.confirm (-) with erroricode = NO_RESRC

DATA_CYCLE same_state
BAC_Cycle.confirm with BEESDU and result == OK
\no further BLL_TSDU avaitable
= set timer T to value Tto_sus,
buffer BLLSDU as,BLL_RSDU with
SDU_statusgriyrspu = OK

DATA_CYCLE BLL_INIT
BAC_Cyclexconfirm with BLLSDU and result == OK
\further'BLL_TSDU available
= setdimer T4 to the value Tto_sus,
BLL_Data.confirm(+) with PDLSDU = BLLSDU and
update_info = OK,
BAC_Cycle.request with BLLSDU = BLL_TSDU

4.4.41.5 Machine de protocole BLL-BAC

La Figure 48 présente la machine de protocole BLL-BAC.
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13, 15

LOCKE

Figure 48 — Machine de protocole BLL-BAC

Les transitions résultant d'une primitive BLL_Reset.request vont toujours d’'un état & I'état

READ
transiti

Etats de la BLL-BAC-PM (machine de protocole)

4.4.41

Le déb
de fo
BAC_(
unique

4.4.41

Le déh
état, 14

4.4.41

Le déb
peut €
transfé
cycles

qui peuit étre-mise en mémoire tampon.

. Ces transitions ne sont pas présentées individuellement, mais sont décrites
on 0.

.5.1 READY

ut des cycles de bus est activé. Aucun cyclewn’est exécuté car la machine de pr
nctionnement de la BLL et l'application> de diagnostic n'‘ont pas envo
ycle.request ou parce que le temps de @nise a jour typ N’a pas encore expiré.
ment prise en compte pour les cycles de données.

5.2 CYCLE_RUN

ut des cycles de bus est activé. Un cycle de bus est en cours d’exécution. Da
machine de protocole attend la fin du cycle de bus.

.5.3 LOCKED

ncore étre terminé. S’il existe une BAC_Cycle.request dans cet état, la B
rée avec Ja“demande est mise en mémoire tampon. Ce n’est qu’aprés l'activati
de bus qu'un nouveau cycle de bus pourra étre démarré. Il n’y a qu’une seule B

par la

btocole
yé de
tup est

ns cet

ut des cycles de-bus est verrouillé. Cependant, un cycle de bus en cours d’exgcution

| LSDU
on des
| LSDU

Le Tab

leau 36 décrit les transitions d’état.

Les événements suivants peuvent survenir et doivent étre pris en compte.

— BAC_Cycle.request.

— MAC_Cycle.confirm (si une MAC_Cycle.request a été envoyée auparavant).

— Temporisateur T,, c’est-a-dire, 'update_time Typ expirée.

— Modification de la variable BLL_access_control.

— BAC_Reset.request.
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Tableau 36 — Transitions d’état de la machine de protocole BLL-BAC

Etat initial
événement
\condition
= action

Transition Etat suivant

After power on 0 READY
= reset BAC-PM

READY 1 READY
BAC_Cycle.request (data_cycle, BLLSDU)
\T> started and not yet expired
= retain BLLSDU

READY 2 CYCLE_RUN
BAC_Cycle.request (data_cycle, BLLSDU)
\T2 expired or not started
= MACSDU = BLLSDU,
MAC_Cycle.request (data_cycle, MACSDU),
set T2 to Tup, start T2

READY 5 CYCLE_RUN
T2 expired
\BAC_Cycle request already received but not yet executed
= MACSDU = BLLSDU,
MAC_Cycle.request (data_cycle, MACSDU),
set T2 to Tup, start T2

READY 6 READY
T2 expired
\no pending BAC_Cycle service available
= BLL_Event.indication with event = BLL_update_timeout

READY 7 LOCKED
BLL_access_control == req_to_lock (edge)
CYCLE_RUN 8 CYCLE_RUN

BAC_Cycle.request
= BAC_Cycle.confirm with result = N@

CYCLE_RUN 9 READY
MAC_Cycle.confirm with result<== OK
= BAC_Cycle.confirm with relsult = OK to
BLL operating protocol.machine

CYCLE_RUN 10 LOCKED
MAC_Cycle.confirm with result == NO
= BAC_Cycle.confitm with result = NO to
BLL operating/protocol machine,

BLL_access) control == locked,
BLL_Event: BLL_cycle_error
CYCLE_RUN 1 CYCLE_RUN
Toexpired
=\BLL_Event.indication with event = BLL_update_timeout
CYCLE_RUN 12 LOCKED
Bl I_nr‘r‘ncc_r‘nnfrnl - roq_fn_lnhl{ (nriga)
LOCKED 13 LOCKED

BAC_Cycle.request (data_cycle, BLLSDU)
\no pending BAC_Cycle service available
= retain BLLSDU

LOCKED 15 LOCKED
MAC_Cycle.confirm with result == OK/NO
= BAC_Cycle.confirm with result == OK/NO to
BLL operating protocol machine,
BLL_access_control = locked,

Result == NO — BLL_Event.indication with
event = BLL_cycle_error

LOCKED 17 CYCLE_RUN
BLL_access_control == unlocked (edge)
\bus cycle not yet been completed
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Etat initial
événement
\condition
= action

Transition Etat suivant

LOCKED 18 CYCLE_RUN
BLL_access_control == unlocked (edge)
\bus cycle completed, but BAC_Cycle service is still
pending
= MACSDU = BLLSDU,
MAC_Cycle.request (data_cycle, MACSDU)

LOCKED 19 READY
BLL_access_control == unlocked (edge)
\bus cycle completed AND no BAC_Cycle service is

peraig

any_state READY
BAC_Reset.request
= reset BAC-PM,
BAC_Reset.con

4.4.4.2

4.4.4.2.

La ma
peut in
I'escla
versa.

4.4.4.2

La Figlire 49 présente la machine de protocole.de fonctionnement de la BLL d’un escla

Etats de la machine de protocole de fonctionnement de la BLL de I’esclave

4.4.4.2

Machine de protocole de la BLL de I’esclave
1 Vue d’ensemble
thine de protocole BLL-BAC n'existe pas dans I'esclaveétant donné que seul le

itier des cycles de bus. La machine de protocole de fonctionnement de la E
e est trés simplifiée. Elle transmet seulement les données de la MAC a la PDL

.2 Machine de protocole de fonctionnement de la BLL

1,2

Figure 49 — Machine de protocole de fonctionnement de la BLL de I’esclave

.2 READY

maftre
BLL de
et vice

e.

La machine de protocole de fonctionnement de la BLL est préte a accepter de nouvelles
données de sortie sous la forme d’'une MACSDU de la part de la MAC et les transmet a la
PDL sous la forme d’'une BLLSDU. Les données d’ENTREE sont également transmises de la
PDL (BLLSDU) a la MAC (MACSDU). La BLL est uniguement chargée de la transmission des
données par les cycles de données.

Le Tab

leau 37 décrit les transitions d’état.

Les événements suivants peuvent survenir dans chaque état et doivent étre pris en compte.

— BLL_Data.res
— MAC_Cycle_ind

La MAC_Cycle_ind est une combinaison des interactions suivantes au niveau de l'interface
MAC « Utilisateur de la MAC.
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a) MAC_Data.indication (Data_Cycle).
b) MAC_Get_Data.request (Data_Receive).
c) MAC_Get_Data.confirm (Data_Receive, OK, MACSDU).

Tableau 37 — Transitions d’état de la machine de protocole
de fonctionnement de la BLL de I’esclave

Etat initial
événement . B .
\condition Transition Etat suivant
= action

READY 1 READY

MAC_Cycle_ind with MACSDU
= BLLSDU = MACSDU,
BLL_Data.indication (BLLSDU)

READY 2 READY
BLL_Data.res (BLLSDU)
= MACSDU = BLLSDU,
MAC_Cycle_res (MACSDU)

MAC_Cycle_res est une combinaison des interactions suivantés au niveau de linferface
MAC-Utilisateur de la MAC.

1) MAC_Put_Data.request (Data_Transmit, MACSDU)
2) MAC_Put_Data.confirm (Data_Transmit, OK).

4.5 Lontrdle d’Accés au Support (MAC)
4.5.1 Localisation de la MAC dans la DLL

Le Contréle d’Accés au Support (MAC) représente la sous-couche inférieure de la Qouche
Liaisor) de Données (DLL) et repose sur\la’PhL (PhL) (voir Figure 50).

DLS-user DLMS-user
Co—
DLI
Layer 2 PDL
DLL
BLL PNM2
MAC
Layer 1 PhL PNM1
Hégende
Anglais Frangais
DLS-user Utilisateur de DLS
DLMS-user Utilisateur de DLMS
Layer 2 Couche 2
Layer 1 Couche 1

Figure 50 — Localisation de la MAC dans la DLL

Comme présenté a la Figure 51, la PhL est également subdivisée en plusieurs sous-couches,
dont la fonctionnalité découle également de la Figure 51. La sous-couche est appelée
utilisateur de la MAC et correspond a la sous-couche de la BLL.
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BLL
Layer 2
/ Data Link
Layer
MAC user interface (DLL)
Control system
MAC .
Ring access
DL-Ph interface }{
MIS Router
MIS-MDS interface
Coding Layer 1
MDS MDS Transmission frame Physical
Time response Layer
( PhL)
MDS-MAU interface
\' \'
Coniersion
MAU MAU logieal signals <>
physical signals
A A
Interface to medium
Y
Medium | | Medium Transmission medium v
Hégende
Anglais Frangais
Medium Support
MAC user interface Interface utilisateur de la MAC
Control system Systéme de Commande
DL-Ph interface Interface DL-Ph
Rlouter Routeur
MIS-MDS.interface Interface MIS-MDS
Rling Access Acces a I'anneau
Coding Codage

Transmission frame

Trame de transmission

Time response

Réponse dans le temps

MDS-MAU interface

Interface MDS-MAU

Conversion

Conversion

Logical signals

Signaux logiques

Physical signals

Signaux physiques

Interface to medium

Interface du support

Transmission medium

Support de transmission

Layer 2 Data Link Layer (DLL)

Couche Liaison de Données (DLL) de la Couche
2

Layer 1 Physical Layer (PhL)

Couche Physique (PhL) de la Couche 1

Figure 51 — Détails des modéles des couches 1 et 2

61158-4-8 © CEI:2007
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4.5.2 Fonctionnalité de la MAC

La sous-couche MAC contrdle I'accés au support de transmission et garantit que les données
utilisateur regues et transmises sont contrélées sous la forme d’un polyndme CRC 16 bits.

La sous-couche MAC transmet les données regues par l'utilisateur de la MAC dans un cycle
de DLPDU sous forme d’une séquence d'unités de données binaires par le biais de l'interface
DL-Ph a la PhL. En méme temps, la sous-couche MAC recoit des unités de données par le
biais de I'interface DL-Ph en provenance de la PhL. Si la PhL a recu ces unités de données
sans erreur, elle les met a la disposition de l'utilisateur de la MAC. C’est toujours le maitre qui
initie un cycle de DLPDU, si bien qu’une différence doit étre faite entre la sous-couche MAC
active d’'un maitre et la sous-couche MAC passive de I’esclave.

Un cydle de DLPDU se compose d’'une séquence de données pouvant suivre une.sequence
de confrdle (voir Figure 52 et Figure 53).

Séquence de données Séquence de Séquencelde

(données utilisateur ou contrble donnges

données de contrdle) (FCS) (donn'ees
utilisateur ou
données de
contréle)

Cycle de DLPDU (sans Prochain cycle de

erreur) DLPDU

Figure 52 — Cycle de DLPDU d’une séquence‘de données sans erreur

Séquence de données Séquence de données
(données utilisateur ou données de (données de contréle)
contrble)

Cycle de DLPDU (avec erreurs) Prochain cycle de DLPDU

Figure 53 — Cycle de DLPDU d’une séquence de données avec erreurs

Une s¢quence de données peut-inclure soit un cycle de données pour la transmission de
donnégs utilisateur a partir de.da voie de données de processus et, le cas échéant, de [la voie
de pafamétres, soit un eycle d’identification pour la transmission de données pour la
configyration et le diagnostic des erreurs. Si la séquence de données a été transmisg sans
erreur,| une séquencg de contrdle initiée par le maitre suit. Cette séquence de cpntrble
transmlet tout d’abord e polyndbme CRC (somme de contrble) des données transmises dans la
séquence de données auparavant, suivi du statut de réception (statut de la somme de
contréle). En ¢as*d’erreur dans la séquence de données, et cette séquence est suivig d'une
autre séquence de données, la séquence de contrble est omise et une autre séquepce de
donnéTs est’envoyée, qui doit faire partie d’'un cycle d’identification.

La sous-couche Contrdole d’Accés au Support (MAC) fait partie de la DLL et contrble la
transmission des données sécurisée entre les appareils sur le support de transmission. Elle
transmet la MACSDU a partir de l'utilisateur de la MAC, génére la DLPDU en conséquence et
la transmet par le biais de I'interface DL-Ph a la PhL. Réciproquement, elle recoit une DLPDU
par le biais de l'interface DL-Ph, et génére la MACSDU a partir d’elle et la transmet a
I'utilisateur de la MAC.

Afin de sécuriser la transmission des données, la sous-couche MAC génere la somme de
controle de la DLPDU a transmettre sous la forme d’'un polyndbme CRC et transmet cette
somme par le biais de l'interface DL-Ph a la PhL. Réciproquement, la sous-couche MAC
génere la somme de contréle d’'une DLPDU recue sous la forme d'un polyndbme CRC et la
compare avec celle regue.


https://iecnorm.com/api/?name=39834f00824e0c1498fd3aaaaa987e88

- 214 - 61158-4-8 © CEI:2007

4.5.3 Maitre
4.5.3.1 Structure de la DLPDU

Une distinction est faite entre les formats de DLPDU suivants: DLPDU de séquence de
données et DLPDU de séquence de controle.

4.5.3.1.1 DLPDU de séquence de données

La sous-couche MAC d'un maitre doit générer la DLPDU de séquence de données
conformément a la Figure 54 en ajoutant le mot de la boucle d’essai (LBW) a la MACSDU. La
DLPDU alors générée est transmise de gauche a droite a la PhL sous la forme de PhIDU afin
que le . . ter—sutvi

Lorsque le nombre de bits de données transmis par la BLL ne peut pas étre divise-par un huit
sans reste, le mot de la boucle d’essai (LBW) doit étre précédé de bits supplémentajres de
tout cgntenu. Le nombre de ces bits supplémentaires est de 8 bits moins le’nombre fe bits
restanis.

Extra bits MACSDU

T e
LBW OUT (n) | OUT (n-1) / / @gh)
LN

Il

Hégende

Anglais Francgais

Elxtra bits Bits.supplémentaires

Figure 54 — DLPDU de séquence,de données transmise par le maitre

Réciprpquement, la sous-couche MAC.d’un maitre doit retirer le LBW d'une DLPPU de
séquence de données regue conformément a la Figure 55 et le compare avec le LBW et les
bits sujpplémentaires de la derniere ' DLPDU de séquence de données transmise a la PhL. Si
les dedx mots sont identiques, lacsous-couche MAC doit transmettre la MACSDU regud par le
biais de linterface avec l'utilisateur de la MAC a ['utilisateur de la MAC. La DLPPDU de
séquence de données est regué de gauche a droite, en commencant pas la MACSDU.

} MACSDU - |
IN (n) IN (n-1) // IN (1) LBW
. Extra bits
Hégende
Anglais Francgais
Extra bits Bits supplémentaires

Figure 55 — DLPDU de séquence de données regue par le maitre

4.5.3.1.2 DLPDU de séquence de contréle

Pour une transmission sécurisée de la DLPDU de séquence de données, la sous-couche MAC
doit générer une DLPDU de séquence de contréle conformément a la Figure 56 aprés que la
DLPDU de séquence de données a été transmise avec succés. Pour ce faire, la sous-couche
MAC génére une somme de contréle pour la DLPDU de séquence de données transmise et la
transmet avec le statut de la somme de contréle dans une séquence de contrble sous forme
d’'une DLPDU de séquence de contrdle par le biais de I'interface DL-Ph a la PhL.
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Checksum(k) Checksum status (k)
Légende
Anglais Frangais
Checksum Somme de contréle
Checksum status Statut de la somme de contréle
Figure 56 — DLPDU de séquence de contrdle
Récipf.}quclllcllt, id qub'qub;IU TV‘iI"\'\C u'u Illd’l\tlc cormpdare id SUITITTIIT dc bUllthiU d’une
DLPDU de séquence de contréle regcue conformément a la Figure 156 avec celle_‘calculée
pour |la DLPDU de séquence de données regue immeédiatement avant. Ensuite,~elle doit
évaluiE le statut de la somme de contréle de la DLPDU de séquence de conirble reque. Le
résultat est communiqué a l'utilisateur de la MAC.
4.5.3.2 Mot de la boucle d’essai (LBW)
Afin d¢ sécuriser la transmission des données, la MAC doit générer un mot de la |boucle
d’essa| (LBW) avec une structure comme celle présentée a la Figure 57.
Champ LBW Champ FC
1| [b14 [ 13 [ b12 [b11 [b10 [ b9 [ b8 | b7 | b6{ b5 | b4 | b3 | b2 | b1 | o
msp sb
Figure 57 — Mot de la boucle d’essai (LBW)

Le mot de la boucle d’essai est transmis devdroite a gauche, en commengant par lg bit le
moins gignificatif (Isb) et en finissant par le-bit le plus significatif (msb).
Dans ¢haque LBW transmis, la valeup binaire de b3...b0 utilisés comme compteur de trame
(FC), davec b3 représentant le mshi-et b0, le Isb, est diminuée de la valeur 1 par rappgrt a la
valeur [représentée par b3...b0~dw dernier LBW, sans prendre en considération un report de
retenug possible. L'utilisateur.de la MAC définit les valeurs pour b14...b4 par le blais de

I'interface de gestion par la.variable mot de la boucle d’essai de la MAC.

4.5.3.3

Afin de
sous-c
d’une
d’une

Somme de ¢controle

sécurisef la‘transmission d’une DLPDU de séquence de données contre les erre
buche MAC d’'un maftre génére une somme de contrdle indépendante sous la
aleur’\FCS de 16 bits de la DLPDU de séquence de données a transmettre air

)LPDU de sequence de données regue. La valeur de FCS est le reste de la d

urs, la
forme
si que
ivision

ynéme

CCITT normallse X16 + X12 + X5 + 1 avec pré- et post reglagede Ia d|V|S|on comme spécifié
en4.5.3.3.1.

La somme de contrble est transmise dans une DLPDU de séquence de contrble, en
commencant par le Isb et en finissant par le msb.

NOTE 2 La somme de contrdle peut étre générée de maniere synchrone avec la transmission ou la réception de

la DLPD

U de séquence de données.

NOTE 3 Si une erreur de transmission est détectée lorsqu’'une DLPDU de séquence de données est regue, la
somme de contréle pour la DLPDU de séquence de données regue est mise a sa valeur initiale, L(X), comme
spécifiée en 4.5.3.3.1.
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4.5.3.3.1 Champ de la séquence de controle de trame

1:2007

Au sein de ce paragraphe, toute référence au bit K d’'un octet est une référence au bit dont le

poids d

ans un entier non signé d'un octet est de 2K.

NOTE Cela est quelquefois appelé numération de bit “petit boutiste”.

Tableau 38 — Longueur et polynéme FCS

Article Valeur

n-k 16

G(X) HHE ¢+ tnotes 1, 2, 3)
NOTE 1 | Les mots de code D(X) construits a partir de ce polyndme G(X) possédent une distance de-tHHamming de 4

pour des

NOTE 2
brouillag

facteur g

différentigl

NOTE 3
contréle

s’appliqu

longueurs < 4095 octets, et toutes les erreurs de poids anormal sont détectées.

G(X)), et il convient qu’il soit par conséquent utilisé avec des PhL quil’emploient pas de

Il s’agit du méme polynéme que celui spécifié dans I'lISO/CEI 3309 (HDLC). Cependant, la mé
differe. Par conséquent, les propriétés de détection des erreurs impliquées par la distance de
ent uniquement approximativement a I'utilisation des éléments de Type 8.

Ce polynéme G(X) prévaut généralement sur tous, et n'est donc pas compromis par‘des polyndmes de
b de primitive de la forme 1 + X + Xk quelquefois utilisés dans les DCE (modems). Cependant, il est
sévérement compromis par l'utilisation du codage différentiel, qui utilise un polynéme/dé&’codage de 1 1+ X-1 (un
e

codage

hode de
Hamming

Pour la présente norme, tout comme dans les autres)Normes Internationales (par ex

ISO/CH
DLPDU
(FCS)
systén
a 16)
sequer
vient ju

La forr
I’équat]

Le me
messa
vecteu
d’exter]

fn-k-1 -
m1

Fl 3309, ISO/CEI 8802 et ISO/CEI 9314-2),.Ja ‘détection des erreurs au niveal
est fournie en calculant et en ajoutant une.séquence de contréle de trame de
aux autres champs de DLPDU lors de laztransmission afin de former un “mot d
atique"" de longueur n composé de k+bits de message de DLPDU suivis de n -
bits redondants, et en vérifiant a la.réception que le champ de FCS de la DLP
ce de données précédente est égal a celui de la DLPDU de séquence de contr
ste d'étre recue. La méthode paour ce calcul est comme suit:

he générique du polyndmé_générateur pour cette construction de FCS est spéd
on (4). Le polyndme spécifique pour ce protocole de DL est spécifié au Tableau

ssage d’origine (c'est-a-dire la DLPDU sans FCS), la FCS, et le mot de cq
pe composite (la“DLPDU et FCS concaténées) doivent étre considérés com
rs M(X), F(X),.-et D(X), de dimension k, n -k, et n, respectivement dans un
sion sur GF(2) Si les bits de message sont mq ... mk et que les bits de FC

.. fo, ou

emple,
de la
16 bits
e code
k (égal
DU de
Ole qui

ifiée a
38.

de de
ne les
champ
S sont

mg

f7 ...

m1

...,mg forment le premier octet envoyé,
L2 maad forment le Nidme octet envove
N=T OIN J 4

fo forment le dernier octet envoyé, et

est envoyé par le(s) premier(s) symbole(s) de la PhL du message et fg

est envoyé par le(s) dernier(s) symbole de la PhL du message
comptant pas les informations de tramage de la PhL).

(en ne

NOTE Cet ordonnancement “comme transmis” est primordial pour les propriétés de détection des erreurs du
FCS.

ensuite le vecteur de message M(X) doit étre considéré comme
M(X) = mqXk1 + moXk-2 + .. + mg.1 X1 + mg

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



https://iecnorm.com/api/?name=39834f00824e0c1498fd3aaaaa987e88

61158-4-8 © CE|:2007 - 217 -

et le vecteur de FCS F(X) doit étre considéré comme

F(X) = fpkqXn-k1+ . +fg (2)
fi5X15 + ... + fp

Le vecteur composite D(X), pour la DLPDU compléte, doit étre construit comme la
concaténation des vecteurs de message et de FCS

D(X) M(X) Xn-k + F(X) (3)
mqXn-1 + moXn-2 + _ + mgXn-k + f_g 4 Xn-k-1+  + fy
mqXn-1 + moXn-2 + . + mgX16 + f15X15+ . + f (dans le cas de k = 15)

La DLPDU présentée a la PhL doit se compoSer dune sequence dociets dans |l'ordre
spécifig.
Les bits de contréle redondants f,.k-1 ... fgp de la FCS doivent étre les coefficients du reste
F(X), gpres division par G(X), de L(X) (Xk + 1) + M(X) Xn-k

ou G(A) est le polyndbme générateur de degré n-k pour les mots de code
G(X) = Xnk+ gpk-qXnk-1+ . +1 (4)

et L(X) est le polyndbme de poids maximal (tous) de degré n-k-1

UX) = (Xnk+ 1)/ (X+1) = Xnk1 + Xnk2 + .+ X +1 ()
= X15+ X114+ X138+ X124+ +X2+X +1 (dans le cas de k = 15)
C’est-3-dire,
H(X) = L(X)(Xk+ 1)+ M(X) Xnk (module.'G(X)) (6)

NOTE 1| Les termes de L(X) ne sont pas inclus danssle,calcul pour détecter la troncation de message infitiale ou
terminalfe ou I'extension en ajoutant un facteur dépendant de la longueur a la FCS.

NOTE 2| En tant que mise en ceuvre typique, lorsque n-k = 16, le reste initial de la division est préétabli pgur tous.
Le train| de bits de message transmis est_multiplié par Xn-k et divisé (modulo 2) par le polynome géhérateur
spécifié |[dans I’équation (4). Le complément de 1 du reste résultant est transmis comme le FCS de bits (n{k), avec

le coeffigient de X"-k-1 transmis en premjer.

4.5.3. Statut de la somme’de contréle

La sous-couche MAC d'un-maitre génére un statut de la somme de contr6le comme prgsenté
a la Figure 58.

LofflolefofoJofofo oo oo f]

ms sb

Figure 58 — Statut de la somme de contrble généré par le maitre

Dans une DLPDU de séquence de contrble, la transmission survient immédiatement aprés la
transmission de la somme de contréle, en commencgant par le Isb et en finissant par le msb.

De la méme maniére, la sous-couche MAC d’un maitre doit évaluer un statut de la somme de
contréle recu dans une DLPDU de séquence de contréle comme présenté a la Figure 59.

|0|0|O|O|O|0|0|O|r7|r6|r5|r4|r3|r2|r1|r0|

msb Isb

Figure 59 — Statut de la somme de contrble recu par le maitre

Pour les valeurs binaires logiques r7...r0 signifie: r7=r6=r5=r4=r3Ar2ar1Ar0, ot "A" représente
'opérateur AND (ET) bit a bit.
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NOTE 1 Si I'expression r3Aar2ar1ar0 prend la valeur logique 1, les DLPDU de séquence de données et la somme
de contrdle entre deux appareils ont été transmises sans erreur.

NOTE 2 Si I'expression r3ar2ar1ar0 prend la valeur 0, alors une erreur de transmission est survenue lors de la
transmission soit des DLPDU de séquence de données soit des sommes de contréle entre deux appareils.

Le statut de la somme de contrble est regu de droite a gauche dans une DLPDU de séquence
de contréle immédiatement aprés la somme de contrdle. Le Isb est transmis en premier et le
msb en dernier.

4.5.3.5 Controle d’accés aux bus

La transmission des données est décrite avec des machines de protocole séparées pour la
partie envoi et réception.

4.5.3.9.1 Expéditeur

La Figlire 60 présente les transitions d’état de la sous-couche MAC pour latransmissign d’un
messape dans une séquence de données (cycle d’identification ou cyCle de donnégs) du
maftre|aux esclaves passifs ainsi que les mécanismes pour la sécuritépde’ la transmissipn des
donnégs (séquence de contrdle).
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Data >
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Data sequence Séquence de données
Check sequence Séquence de contrble

Figure 60 — Machine de protocole de la MAC d’un maitre: transmission d’un message
4.5.3.5.1.1 Séquence de données
4535111 Idle

Dans cet état, la sous-couche MAC d’'un maitre doit attendre la demande de démarrage d’un
cycle de DLPDU a travers I'utilisateur de la MAC par une primitive MAC_Data.request.
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Si la sous-couche MAC recoit la demande de démarrage d'un cycle d’identification
(cycle=ID_cycle) de l'utilisateur de la MAC par une primitive MAC_Data.request, elle doit
générer la MACSDU a transmettre a partir des données disponibles dans le tampon
ID_transmit pour la transmission et passer a I'état ID_cycle_request. Pendant I'acceptation
des données, tout autre accés au tampon ID_transmit est verrouillé.

Si la sous-couche MAC recoit la demande de démarrage d'un cycle de données
(cycle=data_cycle) de l'utilisateur de la MAC par une primitive MAC_Data.request, elle doit
générer la MACSDU a transmettre a partir des données disponibles dans le tampon
data_transmit pour la transmission et passer a I'état Data_Cycle_Request. Pendant
I'acceptation des données, tout autre accés au tampon data_transmit est verrouillé.

4.5.3.8.1.1.2 ID_Cycle_Request

Dans ¢et état, la sous-couche MAC doit tout d’abord générer la DLPDU de (séquence de
donnég¢s a transmettre puis démarrer un cycle d’identification par le biais de l'interface|DL-Ph
par ung primitive Ph-DATA.request (PhICl=start_ID _cycle). Aprés la confirmation a trapers la
PhL par une primitive Ph-DATA.confirm, la sous-couche MAC déity passer a| I'état
Data_Transfer.

4.5.3.9.1.1.3 Data_Cycle_Request

Dans ¢et état, la sous-couche MAC doit tout d’abord générer la DLPDU de séquence de
donnég¢s a transmettre puis démarrer un cycle de données-par le biais de l'interface |DL-Ph
par ung primitive Ph-DATA.request (PhlCl=start_data_cycle). Aprés la confirmation a fravers
la PhlL par une primitive Ph-DATA.confirm, la sdus<“couche MAC doit passer g [I'état
Data_Transfer.

4.5.3.9.1.1.4 Data_Transfer

Dans get état, la sous-couche MAC doit tout d’abord transmettre de maniére séquentjelle la
DLPDU de séquence de données a l'aide des primitives Ph-DATA.request (PhICl=user_data)
par le piais de I'interface DL-Ph a la(BhL. La sous-couche MAC regoit une confirmatign pour
chaque primitive Ph-DATA.requesi a“travers la PhL par une primitive Ph-DATA.confirm. La
DLPDU de séquence de contrdle'est générée de maniére synchrone en méme temps.

Une fdis la transmission de 1a DLPDU de séquence de données terminée, la sous-¢ouche
MAC dpoit passer a I'étatData_Idle.

4.5.3.9.1.1.5 Data_ldle

Dans ¢et état,\la sous-couche MAC demande une Ph-DATA.request (PhICl=User_Datp_ldle)
et attend jusqu’a ce que la DLPDU de séquence de données ait été completement regug. Sile
circuit [de’sufveillance du temps de réception a répondu, un cycle d'identification ou d¢ cycle
de données ayant été démarré et avant que la DI PDU de séquence de données nlait été
complétement regue, la sous-couche MAC doit mettre fin a la séquence de données a l'aide
d'une primitive MAC_Data.confirm correspondante a I'utilisateur de la MAC et passer a I'état
Idle.

Apreés la réception compléte de la DLPDU de séquence de données, la sous-couche MAC doit
passer a |'état Check_LBW.

NOTE Si une erreur de transmission est détectée lors de la séquence de données, I'utilisateur de la MAC
commence par un cycle d'identification dans le cycle de DLPDU suivant.

4.5.3.5.1.1.6 Check_LBW

Dans cet état, la sous-couche MAC vérifie tout d’abord si une erreur de transmission a été
détectée entre le début d'un cycle d’identification ou de données et la réception compléte de
la DLPDU de séquence de données. Si c’est le cas, elle doit mettre fin a la séquence de
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