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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-2: Data-link layer service definition — Type 2 elements

FOREWORD

all national electrotechnical committees (IEC National Committees). The obj&ctNof to promote
international co-operation on all questions concerning standardization in the elegf(is 3 i¢c fields. To
this end and in addition to other activities, IEC publishes International Sta oh { pecifications,

Technical Reports, Publicly Available Specifications (PAS) and Guide “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE i i{tee interested
in the subject dealt with may participate in this preparatory work. al, § 7

agreement between the two organizations.

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

4) In order to promote international uniformity, | i sttees undertake to apply IEC Publications
transparently to the maximyn Si ationgt” and regional publications. Any divergence
between any IEC Publicatiq regional publication shall be clearly indicated in
the latter.

patent rights: C shal\ not be held responsible for identifying any or all such patent rights.

NOTE Use of some ofthe associated protocol types is restricted by their intellectual-property-right holders. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a particular data-link layer protocol type to be used with physical layer and application layer protocols in type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol types in other combinations
may require permission of their respective intellectual-property-right holders.

International Standard IEC 61158-3-2 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 61158-3 subseries cancel and replace
IEC 61158-3:2003. This edition of this part constitutes a minor revision. This part and its
companion Type 2 parts also cancel and replace IEC/PAS 62410, published in 2005.

This edition includes the following significant changes with respect to 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;
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c) division of this part into multiple parts numbered 3-1, 3-2, ..., 3-19.

This bilingual version (2013-07) corresponds to the monolingual English version, published in
2007-12.

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

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

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

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

* reconfirmed;

+ withdrawn;

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

NOTE The revision of this standard will be syng

The list of all the part under the general title Industrial
communication networks g Cifi cap® be found on the IEC web site.

9,
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INTRODUCTION

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

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

@%
S
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-2: Data-link layer service definition — Type 2 elements

1 Scope

1.1 Overview

used to represent the presence of a time-window, within which one
are required to be completed with some defined level of certainty. F&i
actions within the time window risks failure of the applications
attendant risk to equipment, plant and possibly human life.

This standard defines in an abstract way the externally
fieldbus data-link layer in terms of

e systems mapage ent a
managemen

hiis standard is to specify the characteristics of conceptual data-link
S of time-critical communications and thus supplement the OSI Basic
Reference Mode]| iny guiding the development of data-link protocols for time-critical
communications. A~secondary objective is to provide migration paths from previously-existing
industrial communications protocols.

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

a) the sizes and octet ordering of various multi-octet service parameters;
b) the correlation of paired request and confirm, or indication and response, primitives.

1.3 Conformance

This standard does not specify individual implementations or products, nor does it constrain the
implementations of data-link entities within industrial automation systems.
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There is no conformance of equipment to this data-link layer service definition standard.
Instead, conformance is achieved through implementation of the corresponding data-link
protocol that fulfills the Type 1 data-link layer services defined in this standard.

2 Normative references

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

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

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

definition

ISO/IEC 10731:1994, Information technology - erconnection — Basic

conventions apply.
3.1 Reference modegl terms 2

This standard is
ISO/IEC 7498-3m )

ISO/IEC 7498-1 and

311 [ISO/IEC 7498-3]
3.1.2 [ISO/IEC 7498-1]
3.1.3 [ISO/IEC 7498-3]
31.4 [ISO/IEC 7498-3]
3.15 centralized multi-end-point-connection [ISO/IEC 7498-1]
3.1.6 DL-connection [ISO/IEC 7498-1]
3.1.7 DL-connection-end-point [ISO/IEC 7498-1]
3.1.8 DL-connection-end-point-identifier [ISO/IEC 7498-1]
3.1.9 DL-connection-mode transmission [ISO/IEC 7498-1]
3.1.10 DL-connectionless-mode transmission [ISO/IEC 7498-1]
3.1.11 correspondent (N)-entities [ISO/IEC 7498-1]

correspondent DL-entities (N=2)

correspondent Ph-entities (N=1)
3.1.12 DL-duplex-transmission [ISO/IEC 7498-1]
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3.1.13 (N)-entity
DL-entity (N=2)
Ph-entity (N=1)
3.1.14 DL-facility
3.1.15 flow control
3.1.16 (N)-layer
DL-layer (N=2)
Ph-layer (N=1)
3.1.17 layer-management
3.1.18 DL-local-view
3.1.19 DL-name
3.1.20 naming-(addressing)-domain
3.1.21 peer-entities
3.1.22 primitive name
3.1.23 DL-protocol
3.1.24 DL-protocol-connection-iden

3.1.25 DL-protocol-data-unit

3.1.26 DL-relay

3.1.27 reset
3.1.28 respo
3.1.29 routing
3.1.30

segmenting

3.1.31

3.1.32 :
DL-service-access-point (N=2)
Ph-service-access-point (N=1)
3.1.33 DL-service-access-point-address
3.1.34 DL-service-connection-identifier
3.1.35 DL-service-data-unit

3.1.36 DL-simplex-transmission

3.1.37 DL-subsystem

3.1.38 systems-management

3.1.39 DLS-user-data

[ISO/IEC 7498-1]

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

SQ/IEC 7498-1]

O/IEC 7498-1]
[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

[ISO/IEC 7498-1]

[ISO/IEC 7498-3]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
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3.2 Service convention terms and definitions

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

3.21 acceptor
3.2.2 asymmetrical service

3.2.3 confirm (primitive);
requestor.deliver (primitive)

3.24 deliver (primitive)
3.25 DL-confirmed-facility
3.2.6 DL-facility

3.2.7 DL-local-view

3.2.8 DL-mandatory-facility

3.2.9 DL-non-confirmed-facility

3.2.10 DL-provider-initiated-facility

3.2.11 DL-provider-optional-facilit

3.2.12 DL-service-primitive;
primitive

3.2.13 DL-service-pro
3.2.14 DL-service-us
3.215 DLS-u

3.2.16 indicatig

3.2.17

3.2.18

3.2.19 requestor

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

3.2.21 submit (primitive)

3.2.22 symmetrical service
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3.3 Common data-link service terms and definitions

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

3.3.1

DL-segment, link, local link

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

3.3.2

DLSAP
distinctive point at which DL-services are provided by a single DL-entit
entity

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to fgeili
distinction between DLSAPs and their DL-addresses.

DLS-user-entity

\) b
- \

\
group > e DLSAP-
address

addresses address

\\v
DL-ayer ‘ DL-entity

Q \ PhSAP PhSAP
Ph-ayer
NOTE 1 DLSAPs and PhSAPs are depicted as ovals spanning the boundary between two adjacent layers.

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

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

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

3.3.3

DL(SAP)-address

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

NOTE This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-address to
designate more than a single DLSAP at a single DLS-user.
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3.34
(individual) DLSAP-address
DL-address that designates only one DLSAP within the extended link

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

3.3.5

extended link

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

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

3.3.6
frame
denigrated synonym for DLPDU

3.3.7
group DL-address
DL-address that potentially designates more than one DLSAR

exterided link

NOTE A single DL-entity may have multiple group DL-addresses ¢
DL-entity also may have a single group DL-address associa W

3.3.8
node
single DL-entity as it appears on one log

3.3.9
receiving DLS-user
DL-service user that act

NOTE A DL-servic@
3.3.10

sending DLS-use

3.4 Additic
3.41
application

function or data s dre for which data is subscribed or published

3.4.2

behavior

indication of how the object responds to particular events. Its description includes the
relationship between attribute values and services

3.43

bridge, DL-router

DL-relay entity which performs selective store-and-forward and routing functions to connect two
or more separate DL-subnetworks (links) to form a unified DL-subnetwork (the extended link)

344
cyclic
term used to describe events which repeat in a regular and repetitive manner
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3.4.5
device
physical hardware connection to the link

NOTE A device may contain more than one node.

3.4.6
DL-subnetwork
series of nodes connected by PhEs and, where appropriate, DL-routers

3.4.7
DLPDU
Data-link Protocol Data unit

NOTE A DLPDU consists of a source MAC ID, zero or more Lpackets, and an FCS, a
an associated PhE.

Qr received by

3.4.8
error
discrepancy between a computed, observed or measured vah
or theoretically correct value or condition

e specified

3.4.9
fixed tag
two octet identifier (tag) which identifie

a) that receiving node on the local link

b) all receiving nodes on the local link.

NOTE Identification of the target node(s) is ing ude%t
3.4.10

generic tag
three octet identifier (2

3.4.11
guardband
time slot allocated 3 q of the moderator DLPDU

link

NOTE Ph-segme
extended link (someti

ected by Ph-repeaters make up a link; links connected by DL-routers make up an
alled a local area network)

3.4.13
Lpacket
well-defined sub-portion of a DLPDU containing (among other things)

a) a fixed tag or a generic tag, and
b) DLS-user data or, when the tag has DL-significance, DL-data
3.4.14

moderator
node with the lowest MAC ID that is responsible for transmitting the moderator DLPDU

3.4.15

moderator DLPDU

DLPDU transmitted by the node with the lowest MAC ID for the purpose of synchronizing the

nodes and distributing the link configuration parameters Documents
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3.4.16

multipoint DLC

centralized multi-end-point DL-connection offering DL-simplex-transmission between a single
distinguished DLS-user, known as the publisher or publishing DLS-user, and a set of peer but
undistinguished DLS-users, known collectively as the subscribers or subscribing DLS-users,
where the publishing DLS-user can send to the subscribing DLS-users as a group (but not
individually). A multipoint DLC always provides asymmetrical service.

3.4.17
node
logical connection to a local link, requiring a single MAC ID

NOTE A single physical device may appear as many nodes on the same local link. Fo
protocol, each node is considered to be a separate DLE.

e purposes of this

3.4.18

peer-to-peer DLC

point-to-point DL-connection offering DL-simplex-transmission
sending DLS-user and a single distinguished receiving DLS-use

NOTE A peer-to-peer DLC always provides asymmetrical service.

3.4.19
rogue
node that has received a moderator DL
used by this node

3.4.20
scheduled
data transfers that occur in a

3.4.21
tMinus

number of NUTM@)F

3.4.22
tone

have been comple
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3.5 Common symbols and abbreviations

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

DL- Data-link layer (as a prefix)

DLC DL-connection

DLCEP DL-connection-end-point

DLE DL-entity (the local active instance of the data-link layer)
DLL DL-layer

DLPCI DL-protocol-control-information

DLPDU DL-protocol-data-unit

DLM DL-management

DLME DL-management Entity (the local activeinstance\of nagement)
DLMS DL-management Service

DLS DL-service

DLSAP DL-service-access-point
DLSDU DL-service-data-unit
FIFO
oSl

Ph-

PhE
PhL
QoS

3.6 Addition@:

MAC ID
MDS

root mean square

SMAX MAC ID of the maximum scheduled node
Tx Transmit

TUI Table unique identifier

UCcMM Unconnected message manager

UMAX MAC ID of maximum unscheduled node
USR Unscheduled start register

3.7 Common conventions

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

The service model, service primitives, and time-sequence diagrams used are entirely abstract
descriptions; they do not represent a specification for implementation.
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Service primitives, used to represent service user/service provider interactions (see
ISO/IEC 10731), convey parameters that indicate information available in the user/provider
interaction.

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

— the request primitive’s input parameters;

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

— the confirm primitive’s output parameters.

NOTE The request, indication, response and confirm primitives are\ also
acceptor.deliver, acceptor.submit, and requestor.deliver primitives, respectivel

(blank) — ps

Some entries ar@

a) a parameter-speg

associated with the DLSAP at which the primitive is issued.

In the diagrams which illustrate these interfaces, dashed lines indicate cause-and-effect or
time-sequence relationships, and wavy lines indicate that events are roughly
contemporaneous.

4 Connection-mode and connectionless-mode data-link service

4.1 Overview
411 Data transfer services

The primary task of a DLE is to determine, in co-operation with other DLEs on the same local
link, the granting of permission to transmit on the medium. At its upper interface, the DLL
provides services to receive and deliver service data units (DLSDUs) for higher level entities.
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NOTE 1 The following access mechanisms are not visible to the higher level entities. They are described here as
an aid to understanding the purpose and use of DLS parameters and services that are visible to higher layer
entities.

This DLL protocol is based on a fixed repetitive time cycle, called the network update time
(NUT). The NUT is maintained in close synchronism among all nodes on the local link. A node
is not permitted access to transmit if its configured NUT does not agree with the NUT currently
being used on the local link. Different local links within the extended link may have different
NUT durations.

Each node contains its own timer synchronized to the local link’s NUT. Medium access is
determined by local sub-division of the NUT into variable-duration access slots. Access to the
medium is in sequential order based on the MAC ID of the node. Specific behaviors have been

incorporated into the access protocol allowing a node which temporarily agsumes a MAC ID of
zero to perform link maintenance. The MAC ID numbers of all nodes on/allink areNunique. Any
DLE detecting the presence of a MAC ID duplicating its own MAC.D iR ely stops

transmitting.

An implicit token passing mechanism is used to grant acce 3 itnn. /Each node

identified by the “|mpI|C|t token reglster or a
transmit. In each case, the “implicit token” i
nodes have the same value in the 1
medium.

c) the next node,: beginning ok theNransmission from the current node.
is\ad

The slot time i
propagation delay o

te for the total length of the medium since the
e first and last item on the previous list.

NOTE 2 The calculation &f stqQ sponsibility of System Management
Each NUT is 3¢ major parts: scheduled, unscheduled, and guardband as shown
in Figurg g is repeated in every NUT. The implicit token passing mechanism is

medium during both the unscheduled and scheduled intervals.

Data-link layer protocol

Scheduled

Network update time (NUT) Unscheduled Guardband

Figure 2 — NUT structure
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During the scheduled part of the NUT, each node, starting with node 0 and ending with node
SMAX, gets a chance to transmit time-critical (scheduled) data. SMAX is the MAC ID of the
highest numbered node that has access to the medium during the scheduled part of the NUT.
Every node between 0 and SMAX has only one opportunity to send one DLPDU of scheduled
data in each NUT. The opportunity to access the medium during the scheduled time is the
same for each node in every NUT. This allows data that is transmitted during the scheduled
portion of the NUT to be sent in a predictable and deterministic manner.

Figure 3 shows how the permission to transmit is granted during the scheduled time. The DLS-
user regulates the amount of data that each node may transmit during this scheduled token

pass.
> Time Scheduiled
| | | nscheduled
| |
i i : uardband
0 : >
1 :
2 :
g .
n:
n =SMAX
. ) maximum scheduled
Each node is allowed to transmil : network address

(implied token

Nodes wait one slo efor ea
node (MACND) ffon

This boundary moves from NUT to NUT
depending on the utilization
of scheduled time

the medium during the unscheduled part of the NUT. The round robin method of access
opportunity enables™very node between 0 and UMAX to have zero, one or many opportunities
to send unscheduled data depending on how much of the NUT remains after the completion of
the scheduled time. Variations in scheduled traffic means the opportunity to access the
medium during the unscheduled time may be different for each node in every NUT.

Figure 4 shows how the permission to transmit is granted during the unscheduled time. The
MAC ID of the node that goes first in the unscheduled part of the NUT is incremented by 1 for
each NUT. The unscheduled token begins at the MAC ID specified in the unscheduled start
register (USR) of the previous moderator DLPDU. The USR increments by one modulo
(UMAX+1) each NUT. If the USR reaches UMAX before the guardband, it returns to zero and
the token pass continues.
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> Time

7

loo
I

loo
1%
[©

Permission to transmit is passed

on a round-robin basis MAC ID from start of previous
interval plus one gets first
opportunity to transmit
one MAC frame in interval
plus one

Nodes wait one slot time for each
missing node (MAC ID) from 0 to UMAX

ed time

1) It keeps the NUT ti

2) It publishes @- q nabling all DLEs on the local link to share a common

a~Vvalid moderator DLPDU, each node compares its internal
3 the moderator DLPDU. A node using link parameters that
. If the moderator DLPDU is not heard for two

Situations that may cause disruption of the DL-protocol arise due to problems in the underlying
PhL service. Some examples of the types of PhL problems which can disrupt the DL-protocol
are:

— induced noise within the distributed PhE;

— poor quality PhE components or installation practices;

— physically connecting two Ph-segments together while the link is operating.

One common consequence of such disruption is that nodes may be caused to disagree as to
which node should be transmitting; this is called a “non-concurrence”. Another potential
problem occurs when the nodes do not agree to the same values of the link configuration
parameters. A node that disagrees with the link parameters as transmitted by the moderator is

called a “rogue” and immediately stops transmitting. The DL-protocol is designed to recover a
rogue node and bring it back online.
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4.1.2 DL-management services

DL-management services support:

[V

setting of address filters by receiving DLS users;

O

queue maintenance support for sending DLS users;

Qo O

)
)
) local link synchronization and online change of local link parameters;
) event reporting of important variables and events within the layer;

)

)

non-disruptive addition of nodes to the link;

—h

) tuning of link parameters;

g) time distribution and clock synchronization between nodes.

4.1.3 Timing services

This DLL is quite flexible. It can provide deterministic and synchrom

10 ps.

4.2 Facilities of the data-link service

econd end-system third end-system

subscriber

peer subscriber
DLCEP DLCEP

% DLSAPs %

e ST i Ko

Figure 5 — Queue model for the peer and multipoint DLS, DLSAPs and their DLCEPs

b) A means of maintaining time synchronization for service execution and cyclic transfer of
DLSDUs based on selected QoS parameters.

c) A means of transferring DLSDUs of limited length from one source DLSAP to a destination
DLSAP or group of DLSAPs, without establishing or later releasing a DLC. The transfer of
DLSDUs is transparent, in that the boundaries of DLSDUs and the contents of DLSDUs are
preserved unchanged by the DLS, and there are no constraints on the DLSDU content
(other than limited length) imposed by the DLS. QoS for this transmission can be selected
by the sending DLS-user.

NOTE The length of a DLSDU is limited because of internal mechanisms employed by the DL-protocol

d) A means by which the status of dispatch to the destination DLSAP or group of DLSAPs can
be returned to the source DLSAP. ocuments
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e) A means of cancelling either a specific outstanding DLSDU transfer service request, or all
outstanding DLSDU transfer service requests of a specified QoS.

4.3 Model of the data-link service

4.3.1 General

This standard uses the abstract model for a layer service defined in ISO/IEC 10731:1994,
Clause 5. The model defines interactions between the DLS-user and the DLS provider that take

place at a DLSAP. Information is passed between the DLS-user and the DLS provider by DLS
primitives that convey parameters.

4.3.2 DLS-instance identification

A DLS-user is able to distinguish among several DLCEPs at the same DLSAFP iS\is done by
an address structure named generic-tag and supported by address i i
to each receiving DLS-user.

For connectionless service, a DLS-user is able to distinguish.a Ps using an
address structure named fixed-tag. Address filtering servides are\avai or each receiving

DLS-user
A local identification mechanism is provided for eachl\use, of the D ich needs to correlate a
confirmation or subsequent cancellation request Its asz@te equest

4.3.3 Model of abstract queue conce
4.3.3.1 General

ric-tag address, there exists a relationship

DL services using q fixe
relationships be

4.3.3.2 Queue model concepts

The queue model represents the operation of a multipoint DLS in the abstract by a set of

abstract queues linking the sending DLSAP-user with the receiving DLSAP-user(s) — one
queue per receiving DLSAP (see Figure 6).
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(SerN

DLS User 1
——

DLS Provider

Figure 6 — Queue model of a multipoint DLS betwee
sending DLS-user and one or more receiving DLS

parameters.

Queue management services are ava
from a transmit queue. These may be ei
a specific QoS.

4.3.4 QoS features

4.3.4.1 Sending pri

The available QoS opt
sending priority ®>

current link ahd_node, configtixafion parameters. All participating DLEs receive the TUI and use it to ensure their link

details are current

NOTE 2 High and lo
TUIl messages.

pridrities are recommended for all connectionless-mode services except those involved with

NOTE 3 High and Low priority are used only in a local sense to set the order of servicing locally submitted DLS-
user-data; they do not have link-wide connotations.

4.3.4.2 Scheduled priority

This QoS provides accurate time-based cyclic and acyclic sending of DLSDUs. The execution
timing for this scheduled service can be accurate and repeatable to better than 1 ms.

4.3.4.3 High priority
This QoS provides acyclic sending of DLSDUs with a bounded upper time for the sending

delay. Data on this priority is sent only when all scheduled data has been sent and a non-
scheduled sending opportunity is available.
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4.3.4.4 Low priority
This QoS provides sending of DLSDUs only on a time-available basis. Data on this priority is

sent only when all other priorities of data have been sent and a non-scheduled sending
opportunity is available.

4.3.5 DLS-TxStatus

This parameter allows a sending DLS-user to determine the status of a corresponding
requested transmission. The value conveyed in this parameter is as follows:

a) “OK” — success — message successfully sent;
b) “TXABORT” — failure — sending process failed;

Cc) “FLUSHED” — failure — message has been removed from the pendi
sent.

efore being

4.3.6 Receive queues

4.4 Sequence of primitives
4.4.1 Constraints

This subclause defines
and 4.6 may oc@
fully specify whe :

problems affecting 18
issue a primitive @

The conneé
summarized i

onnectionless-mode primitives and their parameters are
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Table 1 — Summary of connection-mode and connectionless-mode

primitives and parameters

Service Service subtype Primitive Parameter
Data Connection-mode DL-GENERIC-TAG request (in request DLS-user-identifier,
Transfer DLS-user-data,
DLS-QoS,
DLS-generic-tag)
DL-GENERIC-TAG indication (out DLS-user-data,
DLS-generic-tag)
DL-GENERIC-TAG confirm (out DLS-TxStatus)
Connectionless- DL-FIXED-TAG request ] request DLS-user-identifier,
mode
DL-FIXED-TAG indication
DL-FIXED-TAG confirm < oyt BLS-TxShatus)
Super |Queue maintenance |DL-FLUSH-SINGLE-REQUEST réquest \Qn\ re\}{JMS-user-identifier)
vision DL-FLUSH-SINGLE-REQUEET confirm \| (oUDLS)TxStatus)
DL-FLUSH-REQUESTS/BX.Q0SY¢quest | (in,_ DLS-Qos)
DL-FLUSH-REQUESTSBY, A0S éonfirm) | snorie>
Tag filter DL-ENABDE\TAG e}u\est\ \ //in DLS-tag)
DL-ENABLE=TAG cohfir (out DLS-result)
DL-DISABLE-TAGTequest \ > (in  DLS-tag)
\|DLDrsAgLE TAS confirm (out DLS-result)
NOTE 1 Request DLS-usekidenti iers\\are ocall igned by the DLS-user and used to flush a specific request
from the DLS-provider’'s|queues.
NOTE 2 The methg which a confi related with its corresponding preceding request primitive
is a local matters

4.4.2 Relation o DLSAPs

With few exéGe iveJissued at one DLSAP will have consequences at one or more
other D primitives of each type at one DLSAP to primitives at the other
DLSAPs nd 4.6, and summarized in Figure 7.

DL-service
indication

DL-service
confirm L DL-service
] indication
—)p

N

DL-service
indication

Figure 7 — DLS primitive time-sequence diagram
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4.4.3 Sequence of primitives at one DLSAP

The possible overall sequences of primitives at a DLSAP are defined in the state transition
diagram shown in Figure 8. In the diagram, the use of a state transition diagram to describe the
allowable sequences of service primitives does not impose any requirements or constraints on
the internal organization of any implementation of the service.

1 Idle

DL-service request,
indication, or confirm

<

Figure 8 — State transition diagram for sequences of DLS pri

4.5 Connection-mode data transfer

4.51 General

DL-connection-mode service primitives can be used/to fre 5 from one DLSAP to
one or more peer DLSAPs using a generic-tag address fo/i a covfhection between DLS-
users A Si : ation required to deliver
the DLSDU is presented to the DLS pkovid data to be transmitted, in a

4.5.2 Functio

In the absence of errors, the DLS provider maintains the integrity of individual DLSDUs, and
delivers them to the receiving DLS-users in the order in which they are presented by the
sending DLS-user.

4.5.3 Types of primitives and parameters
4.5.3.1 Primitive specifications

Table 2 indicates the types of primitives and the parameters needed for the DL-connection-
mode transmission service.
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Table 2 — DL-connection-mode transfer primitives and parameters

DL-GENERIC-TAG Request Indication Confirm
Parameter name input output output
Request DLS-user-identifier (handle) M
DLS-user-data (packet) M M(=)
DLS-QoS (priority) M
DLS-generic-tag M M(=)
DLS-TxStatus M
NOTE The method by which a confirm primitive is correlated with its corresponding
preceding request primitive is a local matter. TN

4.5.3.2

through a DL-FLUSH-SINGLE queue maintenance request.

is the DLS-user-local-view.

4.5.3.3 DLS-user data

request.

4.5.3.4 DLS-QoS

DLSAP(s) to whig
but takes the for

Request DLS-user-identifier

pfimitives,
at request

dgentification or DLSAP-address identifying the remote
povided. It is a DL(SAP)-address in the request primitive,
-address DLS-user-identifier in the indication primitive(s).
ulti-cast DL-address.

queue for the DLSAP-address at the specified QoS priority, then a DL-GENERIC-REQUEST
primitive attempts to append a DLSDU to the queue, but fails if the queue already contains K
DLSDUs. If the append operation is successful, then the DLSDU will be transmitted at the first
opportunity, after all preceding DLSDUs in the queue.

NOTE 1 The queue provides a means of managing multiple DLS-user requests for the efficiency advantage of
combining them in a single transmission opportunity.

NOTE 2 The queue depth K is implementation specific.

4.5.3.7 Indication primitive for DLSDUs associated with generic tags

The receiving DLS-user is able to identify Generic Tag values of interest to it and pass them to
the local DLS provider using the DLS-tag-filter management services. The set of local tag
values are used to filter arriving associated DLSDUs. For DLSDUs with associated Generic
tags that are acceptable to the filter, the following indication parameters are delivered to the
local DLS-user.

Full document details: IEC 61158-3-2 2007
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— DLS-user-data;

— DLS-generic-tag, the value of the generic tag associated with the DLSDU.
4.5.3.8 DLS-TxStatus

This parameter is specified in 4.3.5.

4.5.4 Sequence of primitives

The sequence of primitives in a successful or unsuccessful generic-tag transfer is defined in
the time-sequence diagrams in Figure 9 and Figure 10.

DL-service
request

DL-service
indication

DL-service
confirm

Figure 9 — Sequence of primitives for a successfu e transfer

DL-service

Figure 10 — Sequence s S es$sful connection-mode transfer

4.6 Connectionles

4.6.1 Genera '

DL-connectionles ¢
one DLSAP to angfh 8 fixed-tag address to identify the destination DLSAP.
Each DLSDU is i DLPDU. The DLSDU is independent in the sense that it
bears no relatiqnskip ‘o 8 DLSDU transmitted through an invocation of the DLS. The

DLSDU is sé 1 d i Il the information required to deliver the DLSDU is presented
5 3 h the user data to be transmitted, in a single service access.

sending DLS-user_may send DLSDUs. This is managed externally by appropriate scheduling
tools which match the capabilities of sending and receiving DLS-users with the configured
service schedule of the DLS provider.

4.6.2 Function

This service provides the facilities of 4.2 b), c), d) and e). It can be used to transmit an
independent, self-contained DLSDU from one DLSAP to a group of DLSAPs, all in a single
service access. Delivery status is not returned as part of the local DLS invocation.

A DLSDU transmitted using DL-connectionless-mode data transfer is not considered by the
DLS provider to be related in any way to any other DLSDU. In the absence of errors, it
maintains the integrity of individual DLSDUs, and delivers them to the receiving DLS-users in
the order in which they are presented by the sending DLS-user.
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4.6.3 Types of primitives and parameters
4.6.3.1 Primitive specifications

Table 3 indicates the types of primitives and the parameters needed for the DL-connectionless-
mode transmission service.

Table 3 — DL-connectionless-mode transfer primitives and parameters

DL-FIXED-TAG Request Indication Confirm

Parameter name input output output

Request DLS-user-identifier (handle)
DLS-user-data (packet)

DLS-QoS (priority)

DLS-fixed-tag

DLS destination-DLE-ID (station MAC ID)

A\ (\
M(=) < >
DLS-source-DLE-ID (station MAC ID)

A\ S
DLS-TxStatus \\ M\

NOTE The method by which a confirm primitive j§ corretate w% its chonding
preceding request primitive is a local matter. ~

4.6.3.2 Request DLS-user-identi

M(=) (

I Z=Z

This parameter is specified in 4.5.3.2.

4.6.3.3 DLS-user data

This parameter provide
the DLS provider. The

than zero, up to thj li

4.6.3.4 DLS-Qo$

This parameter specifies the destination DLSAP in the DLE identified by the DLS-destination-
DLE-ID address. The DLSAP to be used is selected from the set of Fixed Tag service types
available in the destination DLE.

The set of Fixed-tag services available to the DLS-user are listed in Table 4.
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