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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -

FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS -

Part 4 : Data Link protocol specification
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IEC 61158-4, which is a technical specification, has been prepared by subcommittee 65C:
| communications, of IEC technical committee 65: Industrial-process measurement and
control.

Digita

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting

65C/198/FDIS 65C/206+206A/RVD

Full information on the voting for the approval of this technical specification can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

IEC 61158 consists of the following parts, under the general title Digital data communications
for measurement and control — Fieldbus for use in industrial control systems:

Part 1. Introductory guide (under preparation)

Part 2: Physical layer specification and service definition

Part 3: Data Link Service definition

Part 4: Data Link Protocol specification

Part 5. Application layer service definition

Part 6: Application layer protocol specification
Paft 7. System management (under consideration)

Part 8: Conformance testing (under consideration)

Annexes A to E form an integral part of this technical specificatig
Annexes F to H are for information only.

eparation before|2002.
ation is available from

This gublication will be reviewed by the committee re
Information relating to confirmation, amendment ¢
the IE

A bilin
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INTRODUCTION

This technical specification is one of a series produced to facilitate the interconnection of
automation system components. It is related to other International Standards and technical
specifications in the series as defined by the Fieldbus Reference Model, which is based in part
on the Reference Model for Open Systems Interconnection. Both Reference Models subdivide
the area of standardization for interconnection into a series of layers of specification, each of
manageable size.

The Data Link Protocol provides the Data Link Service by making use of the services available
from [he Physical Cayer. The rerationship between the International standards tor Fieldbus
Data Link Service, Fieldbus Data Link Protocol, Fieldbus Physical Service d™QSI Network or
Fieldqus Application Protocol is illustrated in figure 1.

osl FIELDBUS
NETWORK APPLICATIO \<
Data Link > LAYER LAYER ¥ N
services DATA LINK >
LAYER §
Physical >
services —— M l\é

DIU

The primary aim of this st ard i i Set of rules for communication expresged in
terms| of the pro : peer Data Link entities at the time of communi-
cation. These ru iritended to provide a sound basis for development
in ordpr to serve a Vg

a)
b)

c)

meg

viron-

d) ps@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 technical specification together with other
technical specifications positioned within the OSI or Fieldbus Reference Models, otherwise
incompatible systems may work together in any combination.

Remark: Throughout this technical specification, gray boxes have been used in the tables to
indicate that the specified field is not a conceptula part of the specific DPDU.
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DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -

FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS -

Part 4 : Data Link protocol specification

1 Scope and object

The Fieldbus Data Link Layer provides basic time-critical messaging communications between

devices in an automation environment.

The purpose of this technical specification is to define the Fieldbus D Ltis
most ¢losely related to, and lies within the field of application of, the Fi ervice
Definition.
1.1 Sppecifications
This gtandard specifies
a) procedures for a single protocol for the timel nation
from one data-link user entity to a peer user entj rming
thg distributed data-link service provigder;
b) the structure of the Fieldbus Data fer of
data and control information, and thei
The g¢pecified protocol prow a-link
entitigs
1) | in a cyclic asyn hd
2)|in a synchrz S lished
schedule.
The gpecified” protecol @ ta-link
entitigs and 0O ) set of
scheduled cations opportunities is null, the distribution of communication opportiinities
to the|pa
Thus fhis pretocoleap’be characterized as one which provides access asynchronously buit with
a syn¢hronous overlay.

1.2 Procedures

The procedures are defined in terms of

a) the interactions between peer DL-entities (DLEs) through the exchange of Fieldbus Data

Link Protocol Data Units;

b) the interactions between a DL-service (DLS) provider and a DLS-user in the same

system through the exchange of DLS primitives;

c) the interactions between a DLS-provider and a Physical service provider in the same

system through the exchange of Physical service primitives.
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1.3 Applicability

These procedures are applicable to instances of communication between systems which
support time-critical communications services within the Data Link layer of the OSI or Fieldbus
Reference Models, and which require the ability to interconnect in an open systems intercon-
nection environment.

Profiles provide a simple multi-attribute means of summarizing an implementation’s capabili-
ties, and thus its applicability to various time-critical communications needs. Clause 10
specifies profiles for this Fieldbus protocol.

14 UIIfUIIIIaIIbC

This tg
these
strate|compliance W|th such requirements.

bnting
bmon-

The { 3 b hnical
speC|ﬂ|cat|0n shall complete a copy of the PICS proforma (see . : ifle the
inform 3

2 Nprmative references

The f rough reference in thig text,
constitute provisions of this technlca speci Q0. dated references, subsgquent
amen f wblicatiens do not apply. However, parfies to
agree ification<a 5ibility
of applying the most recent editi i indi . dated
refergnces, the latest edition © ati ) ies. pf IEC

and 1$0 maintain regispers of curre

IEC 6[1158-2: 19%
layer specificatio

IEC 6 piunications for measurement and control — Fieldbus for
useini Part 3 : Data link service definition

ysical

ISO/IE : 3 ation technology — Telecommunications and information exchange
betwg gl leyel data link control (HDLC) procedures — Frame structure

ISO/IE : Information technology — Open Systems Interconnection — |Basic
Refergnge Rodel: The Basic Model

ISO/IEC 7498-3:1997, Information technology — Open Systems Interconnection — Basic
Reference Model — Naming and addressing

ISO/IEC TR 8802-1:1997, Information technology — Telecommunications and information
exchange between systems — Local and metropolitan area networks — Specific requirements —
Overview of Local Area Network Standards

ISO/IEC 8802-3:1996, Information technology — Telecommunications and information exchange
between systems — Local and metropolitan area networks - Specific requirements — Part 3:
Carier sense multiple acces with collision detection (CSMA/CD) access method and physical
layer specifications


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

61158-4 © IEC:1999 -17 -

ISO/IEC 8802-4:1990, Information processing systems— Local area networks — Part 4: Token-

passing bus access method and physical layer specifications

ISO/IEC 8802-5:1995, Information technology — Telecommunications and information exchange
between systems — Local and metropolitan area networks - Specific requirements — Part 5:

Token ring access method and physical layer specifications

ISO/IEC 8802-6:1994, Information technology — Telecommunications and information exchange
between systems — Local and metropolitan area networks — Specific requirements — Part 6:
Distributed Queue Dual Bus (DQDB) access method and physical layer specifications

ISO/IEC 8886:1996, Information technology — Open systems interconneé
servide definition

ISO/IEC 9314-2:1989, Information processing systems — Fibre
(FDD|) — Part 2: Token Ring Media Access Control (MAC)

ISO/IEC 9646-1:1994, Information technology — Open Syste
testing methodology and framework — Part 1: General con

ISO/IEC 9646-2:1994, Information technology — Op
testing methodology and framework — Part 2: Abs

ISO/IEC 10038:1993, Information techns
betwdgen systems — Local area networks

ISO/IEC 10731:1994,

interc

ISO/IEC 15802-1:1995 1 { 9 Telecommunications and
exchange betweéd v ]

tions : Me

3D

For th

3.1

— DPata link

terface

Conformance

nance

hange

istems

information
cifica-

This technical secifitation is based in part on the concepts developed in ISO/IEC 749841 and

ISO/IEC7498-3, and makes use of the following terms defined therein.

3.1.1 DL-address

3.1.2 DL-address-mapping

3.1.3 called-DL-address

3.1.4 calling-DL-address

3.1.5 centralized multi-end-point-connection
3.1.6 DL-connection

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

[7498-1]
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3.1.7 DL-connection-end-point [7498-1]
3.1.8 DL-connection-end-point-identifier [7498-1]
3.1.9 DL-connection-mode transmission [7498-1]
3.1.10 DL-connectionless-mode transmission [7498-1]
3.1.11 correspondent (N)-entities [7498-1]

correspondent DL-entities

correspondent Ph-entities
3.1.17 DL-data-sink [7498-1]
3.1.19 DL-data-source 498-1]
3.1.14 demultiplexing [7498-1]
3.1.15 DL-duplex-transmission [7498-1]
3.1.16 (N)-entity [7498-1]

DL-entity

Ph-entity
3.1.17 flow control & [7498-1]
3.1.18 i
3.1.19
3.1.2d
3.1.21 [7498-1]
3.1.22 [7498-1]
3.1.23 multiplexing [7498-1]
3.1.24 Dt-mame [7498-3]
3.1.25 naming-(addressing)-authority [7498-3]
3.1.26 naming-(addressing)-domain [7498-3]
3.1.27 naming-(addressing)-subdomain [7498-3]
3.1.28 peer-entities [7498-1]
3.1.29 primitive name [7498-3]
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3.1.30 DL-protocol [7498-1]
3.1.31 DL-protocol-connection-identifier [7498-1]
3.1.32 DL-protocol-control-information [7498-1]
3.1.33 DL-protocol-data-unit [7498-1]
3.1.34 DL-protocol-version-identifier [7498-1]
3.1.35 reassembling [7498-1]
3.1.36 recombining [7498-1]
3.1.37 DL-relay 7498-1]
3.1.34 reset [7498-1]
3.1.39 responding-DL-address [7498-3]
3.1.40 routing [7498-1]
3.1.41 segmenting [7498-1]
3.1.472 sequencing [7498-1]
3.1.43 (N)-service [7498-1]

DL-service

3.1.44 [7498-1]
3.1.45 [7498-3]
3.1.46 DL-service-connection-identifier [7498-1]
3.1.4 DC-Service-data-umnit [7498-1]
3.1.48 DL-simplex-transmission [7498-1]
3.1.49 splitting [7498-1]
3.1.50 synonymous name [7498-3]
3.1.51 systems-management [7498-1]
3.1.52 DL-user data [7498-1]
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3.2 Service convention definitions

This technical specification also makes use of the following terms defined in ISO/IEC 10731 as
they apply to the Data Link Layer:

3.2.1 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
3.29 DL-non-confirmed-facility
3.2.1d DL-provider-initiated-facilit
3.2.11 i ] val-f

3.2.17

3.2.13

3.2.14

3.2.15

3.2.16

3.2.17% multi-peer

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

3.2.19 requestor

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

3.2.21 submit (primitive)

3.2.22 symmetrical service
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3.3 Data Link Service definitions

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

3.3.1 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 which are participating in an instance
of communication are simultaneously attentive to the DL-subnetwork during the period(s) of
attempted communication.

3.3.2 —extendedink

singlel DL- name (DL-address) space, in which any of the connected DK-en |t'e muni-
cate, pne with another, either directly or with the assistance of one i ening
DL-relay entities.

NOJE An extended link may consist of just a single link.

3.3.3| node

single| DL-entity as it appears on one local link.

3.3.4 | bridge

DL-relay entity which performs selective e i i -time-
distrigution functions to

a) connect two or morg se i ifi - ptwork
(thp extended link);

b) provide a mean
engdl systems ' d
C) kconnect the € ink ime-distributi , ational
radio time-disthputio y

of the

3.35]| s

DL-serviceuseprthat\e

3.3.6 | reegeiving D

DL-service user that acts as a recipient of DL-user data.

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

3.3.7 peerDLC

point-to-point DL-connection offering DL-duplex-transmission between two peer DLS-users
where each can be a sending DLS-user, and each as a receiving DLS-user may be able to
exert flow control on its sending peer. A peer DLC is negotiated to provide either symmetrical
service or asymmetrical service. It may also be negotiated to provide only DL-simplex service.
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3.3.8 multi-peer DLC

centralized multi-end-point DL-connection offering DL-duplex-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), and the subscribing DLS-users can send to the publishing DLS-user (but not
to each other). A multi-peer DLC always provides asymmetrical service. It may also be
negotiated to provide only DL-simplex service, either from the publisher to the subscribers, or
from the subscribers to the publisher.

NOTE 1 In this last case, the characterizations as publisher and subscriber are misnomers

NO[FE 2 The publishing DLS-user should use rate control because the subscribing DL&-users.cannot.exert flow
conftrol on their publishing peer-entity. Similar considerations apply to the subscribing\QLS-usersy

3.3.9 | publisher

DL-entity of the DLS-user at the centralized end-point of a mglti-peel cti is| DLS-
user ig also known as the publishing DLS-user; it can send Subscribi users
as a droup, but not to any smaller subset of the subscribers:

3.3.1Q subscriber

DL-entity of a non-publishing DLS-useg ) i 5 also
known as a subscribing DLS-user; it €an sen€ i

3.3.11 DLSAP

point gt which DL-services 4

NO[FE This definition,
disfinction between DLS

9,

critical
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DLS-user-entity DLS-user-entity

/ 1 address \ L - 1 N
DLSAP- DLCEP- group DL- DLSAP,
addrgsses addresses address address
DL-laypr DL-entity

Ph-lay]

NOTE
NOTE

DLSAP

NOTE
single

NOTE

3.3.1

DL-ad

have

3.3.1
DL-a

DL-e
DL-e

3.3.1

A
4

one DLSAP within the extended link. A single DL-entit
associated with a single DLSAP.

A
J

ddress. that petentially designhates more than one DLSAP within the extended link. A
;Itity may have multiple group DL-addresses associated with a single DLSAP. A

tify also may have a single group DL-address associated with more than one DLSAP.

y may

single
single
»]

4 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 of one or more DLS-users.

NOTE

ad

3.3.1

DL-a

a)

dress to designate more than a single DLSAP at a single DLS-user.

5 DLCEP-address

ddress which designates either

one peer DL-connection-end-point, or

This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-
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b) one multi-peer publisher DL-connection-end-point, and implicitly the corresponding set of
subscriber DL-connection-end-points

where each DL-connection-end-point exists within a distinct DLSAP and is associated with a
corresponding distinct DLSAP-address.

NOTE A DLCEP-address is an extension of the use of DL-addresses beyond that specified in ISO/IEC 7498-3.

3.3.16 DLSEP-address

DL-ad

dress which designates a DL-scheduling-end-point within a DLE

NO

3.3.1%

DL-ad
on a s

3.3.18

either

a)
theg

b)
se

The O
sends

NO
3.3.19
DLPD

DLPD
the re

3.3.20

specigl-purpose’ elective role of a DLE which schedules the local link and serves as thg

sourc
conte

TE This is an extension of the use of DL-addresses beyond that specified in ISO/I

NODE DL-address

dress which designates the (single) DL-entity associated with
pecific local link

transaction

a single DLPDU on the local link
ond DLPDU.

TE ADL-entL@n
immediate Fep

b of DLxtime for the link. The LAS functions exist within each link master (LM) DLE,
nds’for and then activates those LAS functions after detecting the absence on the

D

3.3.3)

where

n of a

which

y-prior
nts on

local
which
ink of

s the

DLI_ 2N LAC £ +1 i Tk | H LAC 41 £ ot
a. L VWITITUOST LA TUTICUIUTTS ATT AdALlve.,. TTTC UL SCTITVITIY Ao LAY, oUTTTTUITICo TTTTTTTU U

LAS DLE, receives, and responds to, scheduling requests from all DLEs on the link, including

itself.

It also receives and responds to requests for the current DL-time

3.3.21 Link Master (LM)

DLE which can also provide the LAS functions for the link, including initializing and scheduling
the link

3.3.22 token

right to transmit on the local link. This right is assumed by a DLE when it activates its LAS
functions. This right may be delegated to individual DLES, subject to specified constraints on its
usage. In all cases, this right ultimately reverts to the DLE which has activated its LAS
functions (the LAS DLE)
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Each

a)

b)

c)

token is implicitly qualified by the method of its transmission or assumption:

A scheduler token is assumed and held by the LAS DLE, and can be sent to another LM
DLE on the local link to transfer the activation of LAS functions to that receiving DLE.

A delegated token is created by the LAS DLE and sent to a DLE on the local link, and is
returned upon completion of its use, or assumed by the LAS DLE at its expiration.

A reply token is created by the current delegated token holder (or scheduler

token

holder if there is no delegated token holder) and sent to a DLE on the local link, requesting
an_immediate reply; it is returned with that immediate reply, or assumed by the current

delegated token holder at the expiration of the reply period.

NOJE It is possible, though not absolutely required, for a DLE to function sim

initjator, and a responder, delegating a token and receiving that token, requesgh

recgiving that request, and then replying to itself as requestor and returning
woyld require the transmission of at least three DLPDUs — one from each role.

3.3.23 dominant token

The upique right to initiate the next transmission on the

a)

ang before its expiration or return,
unique right to transmit.

b)

locial link during the period after its ¢reatie

holder (the initiator) holds the uniqu

c)

DLE (which functio

3.3.24 node-tim@

frequency-adjustable

At all other times

IAS, an
bly and
S. This

pation

bn the

token

e LAS

DLS-

user with a locak multixparti sense of DL-time (see 5.5.4 and 9.4.1.1) such thalt one
comppnent of tha i 'S a monotonically-increasing sense of local time available for
use withi & X tem. Conceptually, the node-timer counts in nominal units of
213 ms erlod of over 100 years. Therefore, any actual counter shall be a pinary
counter whose J®ash sigaificant bit has a nominal weight of 2*tN ms, with a rollover period
greatgr than therexpected maximum interval between resets of the DLE

NOTE_1\_When no information about that maximum interval is available, an interval of five years may be

assjumed:

The node-timer is also used within the DL-protocol to provide a shared sense of DL-time which
is used both to synchronize DLE scheduling actions, where appropriate, and to synchronize the
rate of drift of all of the node-timers on the extended link. This latter is achieved by adjusting
the frequency of each DLE’s node-timer such that the DLE’s monotonic sense of local time
maintains an approximately constant phase relationship with that of the DLE serving as the
time-reference DLE

NOTE 2 This adjustment is the reason why the weight of the node-timer unit of counting is only nominally
2N ms
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3.3.25 slot-time

configuration parameter of each local link, measured as an integral multiple of the transmission
period of one complete octet, with an integral value of between 1 and 4 095 octets:

1) Slot-time is a fundamental link parameter with multiple uses:

i) Slot-time is used by each Link Master DLE connected to the link in determining the
amount of time for which that DLE monitors the link for inactivity before sending a CLAIM
LAs (CL) DLPDU. Slot-time is defined such that the nominal link-inactivity monitoring
periods of two DLEs which

— have consecutive NODE DL-addresses;
— which do not hold any token

differ by exactly one slot-time.

other
ifled as

2) onism
in i ng to
(repiniti 5 n this
vie easure of the wuagst-case implementation delays within
the mtervenmg media, the PhL, and the DLR i ces, all of which limit the rapifity of
twg@-way DLE interaction .

Slot-time shall be compu
a) the worst—@ lays through the intervening media and interven-
ing PhEs, suchag ny two PhEs associated with their respective|DLEs
on|the local lin e point of connection to the local link of each of|those
PHESs, including iternal logic and analog circuit delays in any intermpdiate
regeaters,
b) fthe ty-to-claim-LAS-delay as defined in 3.3.25.1
c) p safety(fa xhich is used to account for

1)the difference in two relevant internal delays consisting of

i) the delay between

A) the presentation of the first non-silent PhPDU to the DLE’s associated PhE at
that PhE’s point of attachment

B) the indication of start of activity from that PhE to that DLE;

ii) the delay between

A) the presentation of the last non-silent PhPDU to the DLE’s associated PhE at
that PhE’s point of attachment
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B) the indication of end of activity from that PhE to that DLE;

2) the rate differences in the internal timer clocks among the DLEs on the local link;

3) the limited resolution of the measurements and potential measurement errors;

4) any extra delay needed to make the sum of a), b) and c) round to an integral multiple
of the transmission period of one octet

NOTE 1 These delays are defined in a manner that permits their measurement.

NO[TE 2 Finer resolution than one octet 1S not possible withoul knowledge of the speciic assoclaigd PhL,
bedause Ph-timing comes from the PhL and the formal PhL-DLL interface provides only/octe 5.4).
NO[FE 3 The definitions of 3.3.25 to 3.3.28 are not recursive, because 3.3.25 is hédsed o pasure-
ment than 3.3.26 to 3.3.28. The definitions of 3.3.26 to 3.3.28 are in units @ ce the
conpplexities of implementations of this protocol. As a result, a single 8-bit gd| by the
slot-time, enabled on bus inactivity, with usage-specific stopping and retrjgger ide the
reqpired functionality for all of the slot-time-based timers of this protocol.
3.3.28.1 maximume-inactivity-to-claim-LAS-delay
configuration parameter of each local link, its minim t-case internal gelays
of any Link Master DLE and associated PhEs conn is the
sum df the following two components:
a) the internal delay between
1) the moment of presentation e~las ent PhPDU of a transmission fo the
DLE’s associated Phlxat that PhEs pf connection to the local link;
2) the resulting sfart o arnal timer which monitors link inactivity;
b) the intern
1) the expirati
2) the pésuiting presentation of the first non-silent PhPDU of a transmisgion of
the required ) DLPDU by the DLE’s associated PhE at that PhE’s pgint of
coyinestio
The unit of measurement of this aggregate delay is one eighth of the transmission pefjiod of
one oftet (that'is, nominal “bit-period”). The range of values of this parameter is 1 to[4 095
nominal /bit*periods”

3.3.26 maximum-response-delay

measure, in units of one slot-time, greater than the worst-case period of local PhE-inactivity
which can be observed by a DLE

a) which has just received a delegated token, before initiating transmission of a DLPDU;

b) which has just received a reply token, before initiating transmission of the required
immediate reply DLPDU.

A DLE’s minimum

required value for maximum-response-delay shall be determined by

measuring at the responding DLE the delay between concluding the reception of a requesting
DLPDU and initiating the transmission of the immediately-subsequent responding DLPDU.
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Maximum-response-delay is a configuration parameter of each local link, and shall have a
value of 1 to 11. When multiplied by the duration of one slot-time, the product shall be at least
as large as the largest of the maximum-response-delay values required by each of the current
or anticipated DLEs on the local link

3.3.27 immediate-response-recovery-delay

measure, similar to maximum-response-delay, of the worst-case period of peer PhE-inactivity
which can be observed

a) by a DLE holding a delegated token while awaiting an immediate response from another
cofrectly-functioning DLE on the local link;

b) by any other DLE on the local link, after receiving the initiating 3 s of @ two-
DLPDU transaction, before detecting the link activity caused by ]
digte response DLPDU;

c) by the LAS DLE while waiting for the initial link activity a

— a delegated token (via a PASs TOKEN (P QUENCE (ES) DLPDU);

to ainother correctly functioning DLE(on t

%

More [formally, immediate\tespqnse- recqvery- provides a bound for the worst-case|delay
betwelen receipt of the f 2 imitive for a Ph-DATA request primitive whose PhIDU
specified END-OF-DATA and subsequent receipt of the next START-OF-

ACTIVI d by the sending DLE on the local link dufing
1) initi - et i f i which a transaction-initiating DLE sends a DLPDU
reduiri i $ to ayresponding DLE, and that responding DLE replies by
semnding a s
2) R ing\interactidn, in which the LAS DLE sends a delegated token DLPDU to
the i Sittoken holding DLE, or the scheduler token to a successor (as LAS) DLE,

an

The vpluecofsimmedidte-response-recovery-delay, in units of one slot-time, shall be (maxi
mum-fesponse-delay + 1)

3.3.28 token-recovery-delay

measure, similar to maximum-response-delay, greater than the worst-case period of peer PhE-
inactivity which can be observed by the LAS DLE while another correctly-functioning DLE is
using a token.

More formally, token-recovery-delay provides a bound greater than the worst-case delay
between receipt of an END-OF-ACTIVITY Or END-OF-DATA-AND-ACTIVITY PhIDU (see 5.4.4) and
subsequent receipt of the next START-OF-ACTIVITY PhIDU, that can be observed by any DLE on
the local link during normal link operation. This delay can be exceeded only when a DLE fails
while holding a delegated or scheduler token.
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The value of token-recovery-delay, in units of one slot-time, may be any value between
(maximum-response-delay + 3) and 14

3.3.29 link-id

two-octet primary identifier for the local link, within the extended link, whose values are
constrained as specified in A.2.1

3.3.30 node-id

speci

3.3.31

DLE-i
ransm

3.3.39
DLE
with 4
bridgs
where

Three

clal

pe
sol

clal

aw|

3.3.33

Ss B — F@
wakeup DLPD

HJaddresses,-are not

ed in A.2.2. A value of zero is also permitted, w

hich inhibits all transmi
delocalization

nternal process of converting synonymous DL-address
ission or during reception (see 6.2.2)

fractional-duty-cycle (FDC)

vhich is not continuously attentive to received
n austere electrical power budget. Such 3
A z

iods, and controj_th
ely on the basis of |

ink during their periods of “sleep” for a par
addressed specifically to the DLE’'s NODE DL-address

pkening” upg PDU;

DL-address user-request queue

m for

ystem
b of a
cases

sleep”
ations

ticular

, “re-

PDUs
such

bf their

multi-priority FIFO-within-priority queue, associated with a specific DL-address of a DLE, of in-
process DLS-user-requests. This queue is partitioned into three disjoint sections:

1) those requests which have already been transmitted but remain available for retransmis-
sion, confirmation, or both — that is, which have not reached their maximum confirm delay
and which

— are still within the DLCEP’s transmit window, or

— are awaiting an acknowledging response DLPDU at the DLSAP;
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2) those requests which are ready for transmission but have not been completely transmit-
ted;

3) those requests which are either awaiting a DL-COMPEL-SERVICE request to release them

for

transmission, or are outside the DLCEP’s transmit window, or both.

NOTE 1 Section 1 of the queue contains DLS-user requests which may have been successfully communicated
to another DLS-user. Retransmission of all or part of the DLS-user data associated with these requests may be
required, and can be attempted before the requests are purged from this partition (by reset or peer acknowl-
edgment on a peer DLC; by reset or user-request timeout or the need for sequence-number reuse on a multi-
peer DLC).
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3.3.35

attriby
This

attribute is of particular importance in sampled-data systems, which may need to

E2 Section 2 of the gueue contains DLS-user requests which are readyv for transmission but cqg
T g ¥ y

e been completely communicated to another DLS-user.

references to DL-add see 3.3.33);

references
- SCHEDULE-

sequences (see annex B) resulting

timeliness, DLxtimeliness

te af @ datum which provides an assessment of the temporal currency of that @

ress is

om the
within

| CEP-
ith an
7 and

from

D and

Br, and

atum.
make

decisi

s basedomthetimetinmess; ortack of timetimess; of corrent datasamptes:

As a general rule, timeliness is a user attribute which can be affected negatively by the various
layers of the data transport system. That is, a datum which was timely when the requesting
user presented it to a data communications subsystem for transmission may become untimely
due to delays in the communications subsystem.

DL-timeliness is an attribute of a DLS-user datum relating the timing of a DLS-user/DLE
interaction which writes or reads that datum to one or more other DLS-user/DLE interactions

NOTE These concepts also support migration from previous national standards.
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4 Symbols and abbreviations

4.1 Data units

BPDU Bridge-protocol-data-unit, used in the ISO/IEC 10038 inter-bridge protocol
DLPDU DL-protocol-data-unit

DLSDU DL-service-data-unit

pDLSPU  pariial DL-Service-data-unit — one segment of a muli-segment DLSDU

PhiDU Ph-interface-data-unit

SPDU Support-protocol-data-unit, used to support the full D

4.2 Lpcal variables, timers, counters and queues

V(ST) slot-time See 5/7.1.1
V(PhYyO) per-DLPDU-PhL-overhead See 5/7.1.2
V(MRP) maximum-response-delay See 5/7.1.3
V(IRRD) immediate-response-recove ry-d% See 5.7.1.4
V(MRE) i See 5[7.1.5
V(NRE) See 5/7.1.6
V(NDL) See 5/7.1.7
V(TN See 57.1.8
V(TL) See 5.7.1.9
V(MEP) gss-embedding-prefix See 5.7.1.10
C(RD remaining-duration down-counter See 5.7.1.11
V(MID) minimum-inter-DLPDU-delay See 5.7.1.12
T(IRRD) immediate-response-recovery-delay monitor See 5.7.1.13
V(RA) reply-address See 5.7.1.14
V(OTA) outstanding-transaction-array See 5.7.1.15
V(LTI) last-transaction-index See 5.7.1.16

Q(US) unscheduled-service queue See 5.7.1.17
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V(RID) random-identifier See 5.7.1.18
C(NT) node-time up-counter See 5.7.1.19
V(LSTO) local-link-scheduling-time-offset See 5.7.1.20
V(DLTO) DL-time-offset See 5.7.1.21
V(TQ) time-quality See 5.7.1.22
V(MD measured-delay See5,1.1.23
V(LN) LAS-node 5.7.1.24
V(TSC) time-synchronization-class ee’5.7.1.25
T(TDR) time-distribution-period monitor See 5.7.1.26
V(TSL) time-source-link See 5.7.1.27
Pyu(SDUL) DLSDU-length request parameter See 5/7.2.1
Pu(SDHU) See 5[7.2.2
Pu(MED) p See 5[7.2.3
Tu(MED) See 5(7.2.4
Qa(UR) See 5/7.3.1
Ve(ST) See 5/7.4.1
Vc(NP) CER pdrameters See 5,7.4.2
Vc(N e‘number to assign to a DLSDU See 5,7.4.3
Vc(R non-transmittable DLSDU sequence number See 5,7.4.4
Vc(A) maximum acknowledged DLSDU sequence number See 5.7.4.5
V(M) minimum untransmitted DLSDU sequence number See 5.7.4.6
Vc(MS) minimum untransmitted segment number See 5.7.4.7
Vc k(SS) to-be-sent segments of a DLSDU See 5.7.4.8
Tc k(SS) sent-segments monitor for a DLSDU See 5.7.4.9

V(L) last-reported DLSDU sequence number See 5.7.4.10
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v(TCl)
V(ENRL)
V(MST)
V(MSP)

V(DMPT)

Vc(H) highest-detected DLSDU sequence number See 5.7.4.11
Vc(HS) highest-detected segment number of the
highest-detected DLSDU sequence number See 5.7.4.12
Ve k(MRS) missing received segments of a DLSDU See 5.7.4.13
Vc k(RRS) retransmission-request required segments of a DLSDU See 5.7.4.14
Tc kK (RRS—retransmissionreqtrest monitor-for-aDESBY See5-7.4.15
Tc(RAS) residual activity stimulus e 5.7.4.16
Tc(RAM) residual activity monitor S .1.4.17
Vc(TNA) DL-time of last network access See 5.7.4.18
Ve(TW) DL-time of last buffer write See 5.7.4.19
VB(TR) DL-time of production See 5.7.4.20
Ve(T$) timeliness-status of buffer wyite See 5.7.4.21
V(DTA) delegation-ad See 5/7.5.1
V(LL) local-link liye See 5.7.5.2
See 5[7.5.3
See 5[7.5.4
See 5[7.5.5
See 5[7.5.6
See 5[7.5.7
V(DTHT)V" default-token-holding-time See 5/7.5.8
V(LTHT) link-maintenance-token-holding-time See 5.7.5.9
V(MTHA) maximum-token-holding-time-array See 5.7.5.10
V(TTRT) target-token-rotation-time See 5.7.5.11
V(ATRT) actual-token-rotation-time See 5.7.5.12
V(RTHA) remaining-token-holding-time-array See 5.7.5.13
V(NTHN) next-token-holding-node See 5.7.5.14
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V(FUN) first unpolled node id See 5.7.5.15
V(NUN) number of consecutive unpolled node ids See 5.7.5.16
P(TRD) token-recovery-delay See 5.7.5.17
V(TDP) time-distribution-period See 5.7.5.18
V(MICD) maximum-inactivity-to-claim-LAS-delay See 5.7.5.19
V(LDIDP) LAS-data-base-distribution-period See5,1.5.20
V(ML maximum-link e 5.7.6.1
4.3 DLPDU classes

CA Compel Acknowledgment Se¢e 7.4
CD Compel Data Se¢e 7.5
CL Claim LAS Se¢ 7.19
CT Compel Time See 7.9
DC Disconnect Connection S¢e 7.2
DT See 7.7
EC @ i Sge 7.1
ED Sg¢e 7.6
ES Se¢ 7.16
IDLE Se¢ 7.22
PN Se¢ 7.13
PR Probe Return Se¢ 7.14
PT Pass Token See 7.15
RC Reset Connection See 7.3
RI Request Interval See 7.18
RQ Round-trip-delay Query See 7.11
RR Round-trip-delay Reply See 7.12

SR Status Response See 7.8
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TD Time Distribution See 7.10
TL Transfer LAS

See 7.20
RT Return Token See 7.17
WK Wakeup See 7.21

4.4 Miscellaneous

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
DLL DL-layer

DLM- DL-management (as a pre

DLMS DL-management-service

DLP-

DLPC

DLPD

DLS

DLSA

DLSD

DLSE

FC Frame Control (first octet of each DLPDU)
FCS Frame Check Sequence

FDC Fractional Duty Cycle (type of DLE)

FIFO First-in first-out (Qqueuing method)

LAS Link Active Scheduler

LLC Logical Link Control

LM Link Master
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MAC Medium Access Control

oSl Open Systems Interconnection

Ph- Physical layer (as a prefix)

PhE Ph-entity (the local active instance of the Physical layer)
PhICI Physical-interface-control-information

PhID Physical-interface-data

PhL Ph-layer

PhS Ph-service

PhSAP Ph-service-access-point

QoS Quality of Service
SLAE Systems-load-application-epti
SMAEH en

5 Opwerview of the

5.1 Three-level model

The OLL is mod

a) fa low-level gof
b) fan inte

c) | Righerk ation,
and DL- 3

Interoperating with™all three levels are DL-management functions, including bridg¢ and
redungant-path management functions where relevant.

NOTE 1 The term “sublayer” is not appropriate for describing these levels, since ISO/IEC 7498 requires that
when multiple sublayers are defined, all but one of them must be optional.

NOTE 2 This three-level partitioning closely resembles the partitioning into lower-level “MAC”, intermediate-
level “bridge-operation”, and higher-level “LLC” functions found in the ISO/IEC LAN standards (see ISO/IEC TR
8802-1 for the MAC service definition), with two significant differences:

A) This protocol’s low-level functionality is contained entirely within the Data Link layer as specified by
ISO/IEC 7498. In contrast, the “MAC’ functionality of the ISO/IEC LAN protocols spans the lower part of the
OSI Data Link layer and the upper part of the OSI Physical layer.

B) This protocol employs a single level of DL-addressing within the Data Link layer. In contrast, the ISO/IEC
LAN protocols employ two levels of DL-addressing, one within the “MAC” and “bridge-operation” functionality
and a second within the “LLC” functionality.
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5.1.1

Path access and scheduling level

The path-access-and-scheduling level provides basic communication from one DLE to another.

The ti

ming of such communication is regulated

1) to provide an equitable distribution of opportunities for arbitrary communications to all

DL

Es on the local link, generally in a cyclic but asynchronous manner, and

2) to provide a specific distribution of opportunities for designated communications to DLEs

on

the local link in accord with a pre-established schedule for the link.

It is tme latter requirement for scheduled communications, In support of ti

icatio
of thdg
8802-
functi
ISO/IE

NO
con
fred
repg

a)
inf

que

tra

In §

I'ES Many traditional control algonthms used |n the domaln of I|ab|l'
A In NS |b e

—crltlcal can

hmun-
ement
O/IEC

ing full-

4 and

ife tight

straints
ys that

ontrol
k se-
nE for

b) ng level receives a sequence of PhIDUs from the| PhE,
co into a received DLPDU, computes a frame check seguence
over the » received data, and checks for the proper residual valug. The
firgt detet © 2Gei sequence is examined to determine the type of the DLPDU, gnd an
attempt is (@ patge that DLPDU into its DL-protocol control information and DL$-user
data compo the FCS residual was correct and the parse was successful, thén the

appropriate low-

to

higher level.

evel actions are performed, possibly including reporting the parsed DLPDU

In some cases the value of the low-order three octets of the local node-timer, C(NT), at the

tim

e of receipt, is appended to this parsed DLPDU.

c) The path-access-and-scheduling level provides the basic functions of both responder and

init

iator. As a responder, it provides the sequencing functions necessary

1) for receiving a DLPDU, possibly conveying a reply token;

2) in that latter case (of the received reply token), for sending a DLPDU as an immediate

reply to the just-received DLPDU.
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an initiator, it provides the sequencing functions necessary for

3) receiving a delegated token;

4) sending one or more DLPDUSs, including those requiring an immediate reply;
5) receiving such an immediate reply, or inferring its absence;

6) returning a delegated token.

1999

d) [The path-access-and-scheduling level provides the low-level scheduling fungtionality
reduired for scheduling DLPDU transmissions on a specific path, mclumg any interactions
with the local link’s link active scheduler (LAS) to coordinate the sct DLEs
or [o request needed path transmission capacity.
The aftions of a) and b) are augmented within a bridge relay D it the rettansmlission
of a rpceived sequence of data octets, including the receiv : rained
alterafions of the first octet and compensating alteration e received| FCS,

prior fo retransmission.

The aftions of ¢) and d) are based in part on two r eues:
i) |a DL-address-specific request queue, sé ted wi i dress,
whijch is used to manage DLS-user reque
ii) the common DLE unscheduled-service B/SE ¥.1.17), which is used to manage the
selvicing of unscheduled St ¢ ‘circulated” token.

Some| of the more comple ' ictionality of this level requires, and uses§, the

servides of the upper l¢ S ‘ \g as a DLE-internal quasi-DLS-user.

5.1.2 Bridge—operz 0

The bridge-operafio
a) logically i CQ hultiple local links into a single extended-link by phykically
intércegnnecting i

Serving as‘a possibly-distributed “time-space-time” switch:

1)providing DLPDU store-and-forward functions to permit communication between

c)

on the extended link which could not otherwise communicate;

NOTE This includes the coordination with fractional-duty-cycle FDC) DLEs (see 3.3.32) neces
permit alternating periods of “FDC-DLE-awake’ and “FDC-DLE-asleep” operation.

DLEs

sary to

2) providing surrogate functions to permit delayed-reply interactions between DLEs on
the extended link as an extrapolation of “immediate-reply” transactions on a local link;

providing a shared sense of DL-time throughout the extended link;

d) coordinating local-link scheduling among two or more local links to provide any necessary
multi-link coordination of scheduling within the extended link.

Much

of the bridge-operation level of functionality is active only in “bridge” DLEs (see 5.6).
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5.1.3 Connection-mode and connectionless data transfer, bridge-coordination, and

DL-service level

The connection-mode and connectionless data transfer, bridge-coordination, and DL-service

level provides the higher-level functionality of

a) managing all DLE interactions with the DLS-user, converting all DLS-user request and
response primitives into the necessary sequence of DLE operations, and generating DLS-

user indication and confirm primitives where appropriate;

b) managing the sequencing of each active DLCEP, including

1) determination of the type and sequence of DLPDUs to be t
DLCEP;

2) QoS negotiation;
3) determination of the DLPCI to be included in each

1) segmentation and reassembly of large DLSD

c)
DL

d) DLPDUs, such as
DI N and-bridge configuration (see annex C) DU
an ~

e) <DEPDU interactions with other DLESs, other than
wh " and which are made on a reactive basis by the

5.2 Sewice provided by the DLL

he requesting transaction;

DLPDU interactions also include computation of roun
and 9.4.1), support of remotely-initiated DL-SUBSCRIBER-QUER

itted Cfro

n the

quire a response from @ peer

TIME
PDUs

those
ower-

d-trip-
(see
bridge

The DLL provides connectionless data transfer services for limited-size DLSDUs, connection-
mode data transfer services for limited-size DLSDUSs, an internally synchronized time service,
scheduling services to control the time allocation of the underlying shared PhL service, and a

DL(SAP)-address, queue and buffer management service.

NOTE Table 10 of IEC 61158-3 shows many of the relationships among DLC QoS attributes.

Some relevant QoS attributes are as follows:

5.2.1 QoS — DLCEP class

Each DLCEP establishment request specifies the class of the DLCEP. The three choices for

DLCEP-class are


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

a)

—40 - 61158-4 © IEC:1999

PEER — the DLS-user can exchange DLSDUs with one other peer DLS-user;

b) PuBLISHER — the DLS-user can send DLSDUs to a set of zero or more associated
subscribing DLS-users, and receive DLSDUs from any of those subscribing DLS-users;

C) SUBSCRIBER — the DLS-user can receive, and request, DLSDUs from the associated

pu

5.2.2

Both 1

J
deIivery features of the DLC's DLCEP(s) The five choices for DLCEP d a e
and their effects, are

a) [CLASSICAL — the DLS-user can send data which will be delive
or misordering. All relevant DLS-users will be notified of any
DLLC.

b)

blishing DLS-user, and can send DLSDUSs to that publishing DLS-user.

QoS — DLCEP data delivery features

the data

redei

los

c)

delivered immediately

dtures,

ication

bn the

upon
DLS-
ata or

upon

to the

redei loss of some DLS-user| data.
Los ery of DLS-user data lost prior
last-

d)

redei

No ilLke ' =P ow er to recover from such events.

e)

hich will be delivered immediately| upon
-user data will not be detected or reported.

On a He sending DLCEP data delivery features may be chosen
indepe of data transfer. On a multi-peer DLC, the QoS value for the
DLCE for the subscribers-to-publisher direction of data trangfer is
restrigted NORBERED \and NONE. The default QoS value for the DLCEP data delivery
features inxt SNaNiks subscribers direction is UNORDERED.

5.2.3 |Q0S-="DLL pti

All DYCEP establishment requests and responses, all connectionless data transfer req
and many DL-scheduling requests, specify an associated DLL priority used in scheduling DLL
data transfer services. This DLL priority also determines the maximum amount of DLS-user
data that can be conveyed in a single DLPDU. The three DLL priorities with their corresponding
ranges of conveyable DLS-user data (per DLPDU) are, from highest priority to lowest priority:

a)
b)

c)

NO

uests,

URGENT — < 64 DLS-user octets per DLPDU;
NORMAL — < 128 DLS-user octets per DLPDU;

TIME-AVAILABLE — < 256 DLS-user octets per DLPDU.

TE 1 URGENT and NORMAL are considered time-critical priority levels; TIME-AVAILABLE is considered

time-critical priority level.

a non-
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NOTE 2 DLC establishment and DLC release DLPDUs which are sent at TIME-AVAILABLE priority are restricted
to convey no more DLS-user data than would be permitted at NORMAL priority — 128 octets.

5.2.4 QoS — DLPDU authentication

Each DLCEP establishment negotiation, and each connectionless data transfer, uses this
attribute to determine

a) a lower bound on the amount of DL-addressing information used in the DLPDUs that
provide the associated DLL data transfer services;

NOTE 1 This has a slight impact on the residual rate of DLPDU misdelivery; more addressing information
educes tre potertial TOr misaelivery.

b) whether the current state of a sending peer or publisher DLCEP, SR t low-
freguency to the DLC’s peer or subscriber DLCEP(s) even when ks irmed
DL[S-user requests outstanding at the sending DLCEP;

NQTE This continuing background transmission is known as residual ad

c) whether all related scheduling actions should be execu

NO[JE 2 These last two aspects are of particular importance/in safety

The three levels specifiable, with their agpounts

1) ORDINARY — each DLPDU shall i nation
negessary;
2) BOURCE — each DLP,
3) MAXIMAL — each |D{.-ad all i € nation
posgsible. Also, all relate \ i nding
peer or publ state
information whean'there.i

5.2.5 |QoS — DLL maxin

Each |DLCER X0\ L_reguest, and each response, specifies upper bounds gn the

itted for the completion
a) jof a DLSCONNEGST, DL-RESET or DL-SUBSCRIBER-QUERY primitive, and, separately;

b) jof a\DL-DATA primitive.

Each connectionless service request specifies an upper bound on the maximum time duration
permitted for the completion

c) of a locally-confirmed DL-UNITDATA primitive, and, separately;

d) of a remotely confirmed DL-UNITDATA primitive, a DL-LISTENER-QUERY primitive, or an
instance of the DL-UNITDATA-EXCHANGE service.

Each parameter either has the value UNLIMITED or specifies an interval, in units of 1 ms, from
1 ms to 60 s, inclusive. The value UNLIMITED provides compatibility with prior OSI protocols,
and provides a means for DL-CONNECT requests to remain in a “listening” or “half-open” state.
The completion status of “timeout” cannot occur on a DLS-user request which specifies
UNLIMITED.
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The parameters for the DL-DATA and locally-confirmed DL-UNITDATA primitives specify intervals

less than or equal to that for the DL-CONNECT, DL-RESET, DL-SUBSCRIBER-QUERY, remotely-
confirmed DL-UNITDATA, and DL-LISTENER-QUERY primitives.

The intervals specified are the maximum permissible delays

1) between the issuing of the specified request primitives and the issuing of the corre-
sponding confirm primitives;

2) between the initiation and completion of a single instance of the specified publishing or
unitdata-exchange service.

NO[E For DLEs that do not support a time resolution of 1 ms, the requested time in i ded up
to the next-greatest multiple of that resolution that the DLE does support, or to appx@ximatel if the DLE
has| no sense of time.

Failurg to complete a DL-CONNECT or DL-RESET request within th result

in a DLS-provider initiated release of the DLCEP, and possibly @

5.2.6 |QoS — DL-scheduling-policy

For eqch DLSAP-address, and each DLCEP, the DL5-uss he normal (imglicitly-
scheduled) DLL policy of providing the requested DL\-sekvice as 28 possible, and instead
can defer any inter-DLS-user communigation r A or DL-UNITDATA request

¢ ' er. Each such release, by
P-address or DLCEP, pgrmits
. Only DL-services that pfovide

execution of a DL-COMPEL-SERVICE req
the c¢ mpletion of just a single deferred
DLS-U

The tV

a) qut anications with peer DLS-user(s) from this DLSAP-
ad [ >, Wi 2 i

b)
DL

pitdata communications with peer DLS-user(s) from this
P, will occur only when the deferral is explicitly relpased

by
NO i ¢ ansmission to support the DL-CONNECT, DL-RESET and DL-DISCPNNECT
seryices, a pport responder-deferred replies in the DL-UNITDATA-EXCHANGE and remotely-copfirmed

DLA 8 iCeS\Us always IMPLICIT. Scheduling of DLPDU transmission to initiate the DL-UNITDATA-
EXxd S B\

5.2.7

Each )
the size (in octets) of DLSDUs WhICh will be offered for transmission, and an upper bound on
the size of DLSDUs which are acceptable for reception.

For peer DLCs, the negotiated maximum DLSDU size shall be determined independently for
each direction of data transfer as the smallest of that offered by the sender, that permitted by
the sender’s local DL-management, that permitted by the receiver’s local DL-management, and
that permitted by the receiver.

The sender’s offered size may be any value between zero and 16 times the maximum number
of DLS-user octets per DLPDU, as specified in 5.2.3. The receiving DLE and all DL-man-
agement agents shall choose their maximum permitted sizes from the following list of sizes: 0,
64, 128, 256 x N where 1 < N< 16.

NOTE 1 The maximum size DLSDU supported by this protocol is 16 times the maximum number of octets of
DLS-user data conveyable in a single DLPDU, as determined by the DLC’s DLL Priority (see 5.2.3).
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NOTE 2 The set of maximum permitted DLSDU sizes is limited to the above small list of values to promote
interoperation. The sender’s maximum specified size is permitted to take any value within the range permitted

by the DLC’s DLL priority to facilitate optimization of the shared communications capacity of the DLL.

NOTE 3 A value of zero (0) corresponds to the choice of simplex service, as specified by the DLS-user by the

choice NONE as described in 5.2.2e).

For multi-peer DLCs, the negotiated maximum DLSDU size shall be the smaller of that o

ffered

by the publisher and that permitted by the publisher’s local DL-management. For subscribers of

multi-peer DLCs, the DLC shall be refused by the DLS-provider (the subscriber’s DLE)

if the

maximum DLSDU size established by the publisher is larger than the smaller of that permitted

by the subscriber and that permitted by the subscriber’s local DL-management.

The ppblisher’s offered size in the publisher-to-subscribers direction may bg any value ©efween
zero gnd 16 times the maximum number of DLS-user octets per DLPDUqas spe ified-in [5.2.3.
The publisher’s offered size in the subscriber-to-publisher direction m , tween
zero gnd the maximum number of DLS-user octets per DLPDU, as spe
The slubscribers and all DL-management agents shall choose ¢heirs sizes
from the following list of sizes: 0, 64, 128, 256 x N where 1
NOJE 4 The maximum size DLSDU supported by this protocetT nis 16
time¢s the maximum number of octets of DLS-user data conye by the
DLC's DLL Priority (see 5.2.3).
NO[FE 5 The maximum size DLSDU suppoxted by thi§ is the
maximum number of octets of DLS-user data yabh ['s DLL
Prigrity (see 5.2.3).
NOJFE 6 The set of maximum permitted D romote
intdroperation. The publisher's maximum specified P range
peritted by the DLC’s DLL priority to facilitate oR e DLL.
NO[FE 7 A value of zero (O) corre by the
chodice NONE as described in
The default valuefar imum
numbgr of DLS- i DLL
priority. The DLS-pfgxy
5.2.8 |QoS — DLGEP\ane address buffer-and-queue bindings
Each [DLCEP\estabhg{ est, and each response, can bind one or two local retentive
buffers @ ifie IFO queues, created by DL-CREATE buffer and queue managgment
primitfves ement), to the DLCEP:
NOTE “When bindings are made for a DLS-user of a peer DLC, or a publishing DLS-user of & multi-
peer BLC, they detérmine the maximum transmit window (that is, number of transmitted but unacknowledged
DLSDUS) for that direction of DLC data transfer. Since the size of the transmit window can also be linjited by
DL<mranagement, or by an implementation, the queue depth only imposes an upper limit on the windoy size.
a) One queue or retentive buffer can be bound to a DLCEP to convey DLSDUs from the
DLS-user to the DLS-provider.
b) One queue or retentive buffer can be bound to a DLCEP to convey DLSDUs from the

DLS-provider to the DLS-user.

c) It is also possible to bind a queue or retentive buffer to be written at one DLCEP and to

source data at another DLCEP. Such an intermediate buffer or queue can serve to

Cross

scheduling boundaries or redistribute received DLS-user data to a second set of DLS-users.

Such a binding is made by specifying, for the appropriate parameter, a buffer-or-queue
DL-identifier which resulted from a prior DL-CREATE request (or by DL-management), and

which has not yet been deleted.
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When the sending DLCEP data delivery features specify UNORDERED or ORDERED, both the
sender and receiver(s) may specify a queuing policy of BUFFER-R or QUEUE. When the DLCEP’s
sending data delivery features specify DISORDERED Or CLASSICAL, both the sender and
receiver(s) may specify a queuing policy of QUEUE; a queuing policy of BUFFER-R is nhot
permitted. A queuing policy of BUFFER-NR is never permitted.

Each DLSAP-address bind request can bind up to six local retentive buffers or non-retentive
buffers or specified-depth FIFO queues, created by DL-CREATE buffer and queue management

primit

d)
pri
on
UN
DL

e)

pri
on
UN

5.2.8.

When
DLS-U

a)

empty;

b)

ives (or by DL-management), to the DLSAP-address:

One buffer or gueue can be bound to the sending direction of a DLSAP-address at each

Drity to convey DLSDUs from the DLS-user to the DLS-provider. B

ser,

A DL-PUT request primitive overrit with a DLSDU, or may set the

eﬁ QU

NOTE After creation, th

2} DL-COMP?t reg

1) a DLCEP)0

buffex|is empty»

ch the.wretentivé buffer was transmitted, and to which the buffer is bound, that the
5_justtransmitted;

bound
ER oOr
whose

each
bound
ER oOr

by a

buffer

pf the

FP on
buffer

d) a DL-UNITDATA-EXCHANGE indication primitive notifies the single DLS-user attached to the
specific DLSAP-address from which the buffer was transmitted (and to which the buffer is
bound) that the buffer was just transmitted on that DLSAP-address, and emptied if it is non-
retentive (BUFFER-NR).

When a receiving buffer is bound to a DLCEP, or to a DLSAP-address and DLL priority, by a
DLS-user,

e) a DL-BUFFER-RECEIVED or DL-UNITDATA-EXCHANGE indication primitive notifies the DLS-
user of the overwriting of the buffer by a newly-received DLSDU; the primitive does not itself
specify a DLSDU;
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f) a DL-GET request primitive copies the DLSDU from the buffer, and empties the buffer if it
is non-retentive (BUFFER-NR).

Multiple concurrent output bindings to a retentive buffer are permitted as an implementation
and conformance (see 11.1) option, but are not required by this protocol.

5.2.8.2 Binding to a FIFO queue

When a sending FIFO queue of maximum depth K is bound to a DLCEP, or to a DLSAP-
address and DLL priority, by a DLS-user,

a)

b)
but
the
thg

When
addre

c)
qu

d)
reg
qu

Multip
but ar

5.2.8.

When

not applicable,

betwe
DL-UN
DL-RH

a)

b)
DL

a DL-PUT request primitive is not permitted,;

A DL-GET request primitive attempts to re P am the queue, but fails

A DL-DATA or DL-UNITDATA or DL\ ndication primitive notifig
) awly received DLSDU to the r¢

le concurrent input bindings gre permitted as an implementation
e not required by|thi 3

B Default @ )

secified, or for DLS-primitives for which explicit bing
plicitly-queued sending and direct receiving inte
provider are employed. In this case each DL-DAT/

A DL-DATA or DL-UNITDATA or DL-DISCONNECT request primitive, or a DL-CONNE

ITDATA\_prinmit(\ a DLSDU, and each DL-CONNECT, DL-DISCONNECT

ueue,
pssful,
Us in

L SAP-

if the

bs the
pceive

ption,

ing is
rfaces
and
and

CT or
Dts to

LFRESET request or response primitive, issued by the sending DLS-user attem

append a DLSDU to the implicit queue, but fails if the queue is full. If the append operation
was successful, then the DLSDU will be transmitted at the first opportunity, after all preced-

ing

DLSDUs in the queue.

c) A DL-DATA or DL-UNITDATA or DL-DISCONNECT indication primitive, or a DL-CONNECT or
DL-RESET indication or confirm primitive, notifies a receiving DLS-user of a newly received
DLSDU, and conveys that DLSDU to the DLS-user. No apparent queuing is provided within
the DLL.

5.2.9

DL-timeliness

This attribute applies only to DL-buffers, to DLCEPs at which DL-buffers are bound, and to
those DLS-primitives which transfer DLS-user data to or from DL-buffers at such DLCEPs.
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Each DLCEP establishment request, and each response, can specify DL-timeliness criteria
which are to apply to information sent from, or received into, buffers at that DLCEP. Four types
of DL-timeliness can be supported: RESIDENCE timeliness, UPDATE timeliness, SYNCHRONIZED
timeliness, and TRANSPARENT timeliness. All four types of timeliness, and the case where there
is no timeliness, are shown in figure 4 of IEC 61158-3.

a) RESIDENCE timeliness is an assessment based upon the length of time that a DLS-user
datum has been resident in a buffer, which is the time interval between

1) the moment when the buffer is written (by a DL-PUT request primitive, or by reception
into the buffer at a DLCEP);

2) the moment when the buffer is read (by a DL-GET request primitivge transmlission
from the buffer at a DLCEP);
DL-timeliness = 0 < (RT-Wt) < AT (1)
NOTE This type of timeliness is also known as “Asynchronous ”
b) UPDATE timeliness is an assessment based upon
1) the moment of occurrence of a multi-DL EIVED
indication or DL-BUFFER-SENT indjeation);
eption
into the buffer at a DLCEP);
DL-timeliness = 0 (2)
NOTE A type of tim
c) SYNCHRON@U » timing
relationships b e
EIVED
eption
, ission
from_the buffer at a DLCEP);
DL-timeliness = 0 < (WT1-S1) £ (RT-S1) < AT (3)

NOTE This type of timeliness is also known as “Synchronous ”

d) TRANSPARENT timeliness occurs when timeliness is selected on a DLCEP but none of the
above assessments are performed. In such a case the DLC preserves any prior buffer
timeliness, but does not itself invalidate that timeliness. When no prior buffer timeliness
exists, the default timeliness value shall be TRUE.

e) No timeliness occurs when timeliness is not selected on a DLCEP. In such a case the
DL-timeliness attribute of DLS-user data always shall be FALSE.
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Where a buffer read or write occurs over a significant time interval, and not just as a
momentary event, then the overall timeliness of the read or write operation shall be computed
as the timeliness at the beginning of the read or write operation, logically ANDed with the
timeliness at the end of the read or write operation, all using the same timeliness criteria.

5.2.10 Remote-DLE-confirmed

Each unitdata transfer request can specify whether confirmation of receipt of the associated
DLSDU by the (implicitly addressed) remote DLE is required. Its permissible values are TRUE
and FALSE.

NO eteetion-of-the-vatte evitably-tses-mere-tink-reapae ity-then-toes—seteetionof-the-vatte—FALSE.

and gs DLSEP-addresses. DL-addresses conform to the str i itations
specified in annex A.

NO[JFE DL-addresses are also addressed to some extent in 6.2.

5.4 Service assumed from the Physical Layer

This qubclause defines the assumed Physical Se ints on

use by the DLE.

{service
service

NOTE Proper layering requires that an (
intgrface not overly constrain, the means b

inte tamble
and h using
app
54.1
The ¢ grity of
PhS-U
54.1.
The | PhS
chara
Ph
wheré
minimum-data-rate = — specifies the effective minimum rate of data conveyance in

bits/second, including any timing tolerances, of any PhE on the local link.

NOTE 1 A PhE with a nominal data rate of 1 Mbit/s + 0,01 % would specify a minimum data rate of
0,9999 Mbit/s.

1
data rate ’
used in any transmission for PhPDUs which do not directly convey data (for example,
PhPDUs conveying preamble, frame delimiters, postamble, inter-frame “silence”, and so
on).

framing-overhead — specifies the maximum number of bit periods, where period =

NOTE 2 If the framing overhead is F and two DL message lengths are L1 and L2, then the time to send
two immediately consecutive messages of lengths L1 and L2 will be at least as great as the time required to
send one message of length L1 + F + L2.
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If this framing-overhead is more than the DLE’s configured per-DLPDU-PhL-overhead,
V(PhLO), then the DLE shall report this discrepancy to DL-management and shall not issue
Ph-DATA requests while the discrepancy exists.

NOTE 3 This restriction prohibits DLE transmission while this discrepancy exists. The DLE’s local station
management may remedy this discrepancy by reconfiguring V(PhLO) to a greater value.

5.4.1.2 PhS transmission and reception services

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

PhBAFA-regquest-{class—data);

PhtDATA indication (class, data);

PhtDATA confirm (status)
where

class — specifies f the

Phtinterface-data-unit (PhIDU). For a Ph-DATA regles

START-OF-ACTIVITY — transmissio hould
commence;

DATA — the single-octet value of ed as
part of a continuous correctly-forn

END-OF-DATA-AND-ACTWIT ich terminate Ph-user data shodld be
transmitted after [tf i Ph-user data, culminating in the cessation of

active transmmissio
Fof a Ph-DATA |: fcatli

s has

rectly-

ENDfOF-DATA < the ongoing continuous correctly formed reception of Ph-user data has
concluded with correct reception of PhPDUs implying END-OF-DATA;

END-OF-ACTIVITY — the ongoing reception (of an apparent transmission from one or more
PhEs) has concluded, with no further evidence of PhE transmission;

END-OF-DATA-AND-ACTIVITY — simultaneous occurrence of END-OF-DATA and END-OF-
ACTIVITY;

data — specifies the Ph-interface-data (PhID) component of the PhIDU. It consists of one
octet of Ph-user data to be transmitted (Ph-DATA request) or which was received success-
fully (Ph-DATA indication).

status — specifies either success or the locally detected reason for inferring failure.
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The Ph-DATA confirm primitive provides the critical physical timing feedback necessary to
inhibit the DLE from starting a second transmission before the first is complete. The final
Ph-DATA confirm of a transmission shall not be issued until the PhE has completed the current
transmission.

5.4.2

Notification of PhS characteristics

The PhE has the responsibility for notifying the DLE of those characteristics of the PhS which
are relevant to DLE operation. This notification is accomplished by the PhE by issuing a single
Ph-CHARACTERISTICS indication primitive at each of the PhE’s PhSAPs at PhE startup.

5.4.3 [Transmission of Ph-user data
The H nsmit,
and th | PDU,
includ Lests,
consigting of a single request specifying START-OF-ACTIVIT 300
consecutive requests, inclusive, specifying DATA; and concluded cifying
END-OF-DATA-AND-ACTIVITY
The HhE signals its completion of each Ph-DATA regUest, A new
Ph-DATA request, with a Ph-DATA confirm primitive; -DATA
confirm primitive conveys the success or failure of\th i DATA request. A second
Ph-DATA request should not be issued yunyj \ irgh corresponding to the first
requept has been received from the P/
5.4.4 |Reception of Ph-user data
The HhE reports a received ations,
which|shall consist of eithe
a) p single indicatign icptions
spécifying DA ‘ i by a
single indication sy
b) ications
sp r
c) - more
comsecutiveygdisations specifying DATA; and concluded by a single indication spegifying
EN
NOTE" \This last sequence is indicative of an incomplete or incorrect reception. Detection of an errgfr in the
sequence of received PhPDUSs, or in the PhE’s reception process, disables further Ph-DATA indicatigns with
2 ‘cla’ss parameter specifying DATA, END-OF-DATA, Or END-OF-DATA-AND-ACTIVITY until after both the engl of the
current period of activity and the start of a subsequent period of activity have been reported by h-DATA

indications specifying END-OF-ACTIVITY and START-OF-ACTIVITY, respectively.

In the first two cases, the DLE concatenates the received data and then attempts to parse it
into a DLPDU followed by a concatenated FCS. In the last case the DLE discards all reported
data and reports the event to DL-management.
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5.5 Functions of the DLL

5.5.1

Overview of functions

The functions of the DLL are those necessary to bridge the gap between the services available
from the PhL and those offered to DLS-users. When used in a normal OSI environment, the
necessary functions of the DLL are those specified in ISO/IEC 8886. When used in a Time
Critical OSI environment, the necessary functions are a superset of those specified in ISO/IEC

8886;

the enhancements are primarily in

a) the availability of a confirm primitive and a service confirmation deadline for each

co

b)
ex

c)

d)

scllibing DLS-users;

the addition of connectionless receiving-DLE-acknowledgme sway
hange services to the basic OSI data-transfer DL-service;

the ability to defer and schedule data-transfer DL-service

the efficient distribution of DLS-user data from a ptb

data-

f sub-

e) the efficient convergence of independent D DLS-
users, delivered to a single publishing
f) the provision of a synchronized serse © ble to
thg DLS-users of the extended link;
0) the standardized availabilit ement
capabilities.
5.5.2 Connection?:ss datatran
The purpose of t i jmited
size Hetween one A 3 W/more other DLS-users on the same link, without the
requirement for e aining a DLC with each of those other DLS-users|. This
purpoge is achie ransmission of DLPDUs providing transfer of a Ijmited
amoupt of uer dats . any DLS-users, with limited protection against loss pf the
DLSDU, ormisordering of suceégssively-transmitted DLPDUs. Both DLSDU transfer and DLSDU

5.5.3

Conng

Connection-oriehted functions

bction<oriented functions provide for the establishment, use, resynchronization and

termir

tion of nnection ween DLS- r n_an exten link. Th

connection may be selected to support user data flow either

a)

b)

bidirectionally between two peer DLS-users,

unidirectionally from one peer DLS-user to another,

hbrupt
f the

c) bidirectionally between one publishing DLS-user and the set of zero or more subscribing

DL

S-users,

d) unidirectionally from one publishing DLS-user to the set of zero or more subscribing DLS-
users, or
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e) unidirectionally from the set of zero or more subscribing DLS-users to the publishing
DLS-user.

The features of the connection may be selected to support transfer of DLSDUs of a negotiated
maximum size, with either

1) reliable in-sequence non-duplicated delivery with reset on DLSDU loss;

2) reduced delay, potentially out-of-sequence but non-duplicated delivery, and reset on
DLSDU loss;

3) minimal delay with in-sequence non-duplicated delivery, but with pote SS;

4) minimal delay, unsequenced delivery, potential duplication, bable

DL|SDU misordering, and no notification of DLSDU loss; or
5) ho transfer in one specified direction.

Only tases 4) and 5) are permitted for the subscribg
DLC.

of a mulfi-peer

5.5.3.[L Connection establishment phase

The p

a) o establish a DLC between two

NOTE The establish iskiny hir-wise

b) fto determir@)

c) o distinguish™bé

between two DLS-users connected by a DLC. This purpgse is
ission of DATA (DT) DLPDUs (see 6.1), which may involve segmenting of

b)
of information loss after an unrecovered error.

users

These concepts are defined in IEC 61158-3.

5.5.3.3 Connection termination phase

The purpose of the connection termination phase is to terminate abruptly a connection between
two or more DLS-users and convey the reason for the termination.
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5.5.4 Time synchronization function

The purpose of the time synchronization function is to provide a shared approximately-
synchronized internal time reference for all DLS-users, consisting of two components:

a) a component which increases monotonically with time, with a value of zero at the startup
of the local end system;

b) a second component which, when added to the first, causes the sum to be approximately
equal to the corresponding sums of other correctly-functioning DLEs on the extended link.

5.6 Functional classes

In this technical specification, a DLE’s functional class determin€s™ itg abilitigs  for
autonpmous DLL activity, and thus the minimum complexity of cg Ning \ antations.
Each |class includes all lower-numbered classes. The three funct orgder of
incregsing complexity, are

a) Basic;

b) Link Master (LM);

c) Bridge.
All fupctional classes support all DLS-Us : . The
DLPDUs associated with elements of/procedure each functional class are specifjed in
table [L.
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Table 1 — Correlation of DLPDUs with Functional Classes

Functional Class
Basic Link Master Bridge Code DLPDU Name Subclause
rl sl Rl sl rl sl EC ESTABLISH CONNECTION 7.1
rl sl rRl1 si rl sl DC DISCONNECT CONNECTION 7.2
Rl sl Rl si Rl sl RC RESET CONNECTION 7.3
R R S CA COMPEL ACKNOWLEDGMENT 7.4
R R IS CD COMPEL DATA 7.5
R R S ED EXCHANGE DATA 7.6
R R S DT DATA Ny
R R S SR STATUS RESPONSE 7.
[EAN
_ R s2 CT COMPEL TIME 7.9
r2 R2 s TD TIME DISTRIBUTION .10
R R s2 RQ ROUND-TRIP-DELAY QUERY 7.11
2 2 RR ROUND-TRIP-DELAY RERL \ 7.12
r r S
R R S DDRESS <\ 7.13
— R3 s 7.14
IS 7.15
IS 7.16

— R3 s 7.17
— R3 s 7.18
— s 7.19
— R S 7.20
r _ S 7.21
_ . }\ 7.%2
— — = 7.23

Key

r The ability to regeive and act upon the specified type of DLPDU.

RThg rovides ility to receive and act upon the specified type of DLPDU.

s Thq e abity to send the specified type of DLPDU.

SThe ays prowidesthe ability to send the specified type of DLPDU.

— ifled glass toes not permit the specified type of DLPDU.

NOTE 1 Wuires only minimal elements of procedure.

NOTE 2 Al stipp d when the DLE has a time-synchronism class (see 11.3.2) other than NONE.

NOTIE 3 Shall respond t§ DLSDU contents when acting as LAS.

NOTKE 4 Nocelass is ired to receive the IDLE DLPDU; its intended receiver is a specialized link monitqr or

analyzer, heyond the scope of this technical specification.

5.6.1 Basic class

The Basic class includes the basic protocol elements of procedure necessary

a) to provide interoperability when responding to DLPDUs sent by a DLS-peer or a bridge
DLE;

b) to initiate, reset and terminate DLCs with a peer DLE, to support the orderly conveyance
of DLSDUSs;

c) to send and receive connectionless and connection-oriented DLSDUs, and to reply to
received DLSDUs where required;
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d) to request services from the LAS;
e) to execute an uninterrupted sequence of link operations;
f) to optimize local use of the link.
This class is the minimum necessary for fieldbus interoperability.

5.6.2 Link Master class

The Link Master class includes all of the functions of the Basic class. It also includes the
protogol elements of procedure necessary

a) o cooperate with similar DLEs in establishing and sharing mast

b) to detect the absence of an LAS on the link and activate t its own

noge,

and when providing the functions of the LAS,

c)

to

nding

d)

This d k. At least one DLE on the link shall

opera

5.6.3

The Bridge clas lud $ of the Link Master class. It also includ¢s the

protogol elemen

en DLEs on a single link which are themselves periodi-
directly on the link (that is, fractional duty cycle [FDC)

b) i Qi more local links, by bridging them into an extended link, and in

c) o provide a common sense of DL-internal time coordinated across the extended link.

This Class IS necessary when interconnectng two or _more focal 1inks to torm a multi-link
extended link, or when one or more DLEs on the local link are fractional duty cycle (FDC)
DLEs. When a multi-link extended link exists, the individual local links shall be interconnected
only by DLEs which operate in this class.

5.7 Local parameters, variables, counters, timers and queues

This technical specification uses DLS-user request parameters P(...) and local variables V(...)
as a means of clarifying the effect of certain actions and the conditions under which those
actions are valid, local timers T(...) as a means of monitoring actions of the distributed DLS-
provider and of ensuring a local DLE response to the absence of those actions, and local
counters C(...) for performing rate measurement functions. It also uses local queues Q(...) as a
means of ordering certain activities, of clarifying the effects of certain actions, and of clarifying
the conditions under which those activities are valid.
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Unless otherwise specified, at the moment of their creation or of DLE activation,

— all variables shall be initialized to their default value, or to their minimum permitted value
if no default is specified;

— all counters shall be initialized to zero;
— all timers shall be initialized to inactive;

— all queues shall be initialized to empty.

DL—MLnagement may change the values of configuration variables.

5.7.1 |Parameters, variables, counters, timers and queues to supportt

The parameter, variables, timer, counter and queue defined in A R etequired
in all PLEs. The variables, counter and timer defined in 5.7.1.19Q 2 Ui in all
DLEs|except those with a time synchronism class (see 11.35

5.7.1.L V(ST) slot-time

V(ST)| is used by the DLE to record the link’s sl
parameter of the local link. Its range i
one oftet.

hich is a configdration
e transmission duration of

5.7.1. V(PhLO) per-DLPDU-PhL-ovgrhead

V(Phl]
octet

ced delay between the end of the last
€ beginning of the first octet of any| other

DLPD - i ¥ t_units)of one octet-duration. Its range is 2 td 63.
5.7.1.
V(MR LE t¢ ard theAink’s maximum-response-delay (see 3.3.26), which is

a con S o ink. The default value for this variable is 3. Its range is 1
to 11, i i

NO 3 vat all measurements of an inactive link are for multiples of one slot-time.
5.7.1.
V(IRRD) is_used e DLE to record the link’s immediate-response-recovery-delay (see

3.3.29), which is a computed parameter of the local link. The default value for this varigble is
V(MRP)\+/1. Its range is 2 to 12, and its unit is one slot-time.

5.7.1.5 V(MRC) maximum-retry-count

V(MRC) is used by the DLE to record the link’'s maximum-retry-count, which limits the number
of immediate retries of a transaction which are permitted. V(MRC) is a configuration parameter
of the local link. Its default value is 0, meaning immediate retries are not permitted. Its range is
Oto 7.

5.7.1.6 V(NRC) network-repeat-count

V(NRC) is used by the DLE to record the extended link's network-repeat-count, which specifies
the maximum number of deferred retries of a multi-link communication which should be
attempted. V(NRC) is a configuration parameter of the extended link, based to some extent on
the values of V(MRC) for the various local links of the extended link. Its default value is 1,
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meaning a single deferred retry should be attempted when other considerations do not
intervene. Its range is 0 to 7.

5.7.1.7 V(NDL) network-DLPDU-lifetime
V(NDL) is used by the DLE to record the extended link’'s network-DLPDU-lifetime, which

specifies the maximum period that any DLPDU can remain in transit within the extended link.
Its range is 1 ms to 60 s, in units of 1 ms, and its default value is 30 s.

5.7.1.8 V(TN) this-node

V(TN )y—s—used—by i wrRHeR— fgyration
paranjeter of the local DLE. Its default un|n|t|al|zed value is zero, wh|ch d i
DLE tp transmit. Its range is 0, and 1015 to FF1g (See A.2.2).

5.7.1.p V(TL) this-link

ration

V(TL)|is used by the DLE to record the local link-id (see 3.8 |c iS '
@ érmit a pridge

paranjeter of the local link. Its default uninitialized value is ddes Yot p
to foryvard to another link. Its range is 0, and 100046 to FE

5.7.1.10 V(MEP) DL-MAC-address-embedding-preéfix

within
rC TR

V(MEP) is used by the DLE (see A.4)
the 4§-bit address space used by the IS
8802-[1). The default value for this variab

5.7.1.11 C(RD)

C(RD]) is used by the DL 1 I i i 5ing a

token|delegated by a PASS Tk ining
link gapacity until t (i link
maintgnance ac@ DD-
parameter and d ission

capadity until it reagh

NO[FE 3 plementations to approximate C(RD) provided that they arg¢ either
accurate or péssimi £ ng the actual time required for decision-making and for preparing and $ending
a trpnsmissig '55|o may’ reduce the number of counters required in an actual implementation|.

57.1.2 m-inter-DLPDU-delay

V(MID) is used/tc ify the minimum duration for an interval of non-transmission which a
transmitting \DLE shall provide after receiving, or transmitting, a DLPDU. This intefval is
measyred in units of the transmission duration of one octet; the measurement interval lpegins
with elther

a) the receipt of a PH-DATA confirm primitive by the DLE which confirms a PH-DATA request
primitive which specified END-OF-DATA-AND-ACTIVITY, OR

b) the receipt of a PH-DATA indication primitive by the DLE specifying END-OF-DATA, END-OF-
DATA-AND-ACTIVITY, Or END-OF-ACTIVITY;

whichever occurs first, and ends with the submission of a PH-DATA request primitive by the
DLE specifying start-of-activity. The default value for this variable is 0, and its range is O to the
smaller of 120 or (V(MRD)-1) x V(ST).

NOTE The Physical Layer may specify a minimum inter-transmission delay of its own. Such a constraint is
independent of, and may apply concurrently with, the constraint specified above.
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5.7.1.

13 T(IRRD) immediate-response-recovery-delay monitor

T(IRRD) is used by the DLE which initiates a two-DLPDU transaction to monitor the local link
for an anticipated immediate reply DLPDU, and to reassert its own token as the active token on
the link if no reply is detected.

5.7.1.

14 V(RA) reply-address

V(RA) is used by a DLE to record the DL-address to which a reply token was last passed by a
COMPEL ACKNOWLEDGMENT (CA), COMPEL DATA (CD), or EXCHANGE DATA (ED) DLPDU. It also
can be used by the LAS DLE to record the DL-address to which a reply token was last passed
by a PROBE NODE-ADDRESS (PN) DL PDU

5.7.1.

V(OT
imme
DLE
the D

0..F14.

5.7.1.

V(LTI

transdction does not reuse the index<{of the &

same

5.7.1.

Q(Us

a)
DL

b)
DL

15 V(OTA) outstanding-transaction-array

b determine, for any given transaction index, whether tha
| E to an incomplete outstanding transaction. V(OTA) j

h anNpdex ra
16 V(LTI) last-transaction-index

is used by the DLE, in transactions requi eply, to ensure that

transaction initiated

17 Q(US)

is used by the DL

3) reference ich signal the need to transmit the contents of a sending buffer
toa‘local DLCEP, when A is a local DLCEP-address;

ite an
by the
ed by
nge of

A new
Dy the

orre-

y

ange
SAP)-

ound

4) references which signal the need to send a DLSDU from the sending queue bou

nd to

local DLCEP or DLSAP-address, when A is a local DLCEP-address or DLSAP-address;

references to locally-scheduled active sequences (see annex B) resulting
-SCHEDULE-SEQUENCE requests (see 9.4.3.1);

from

c) DT DLPDUs containing DLS-user data which are delayed responses to received CD and
ED DLPDUSs, queued in support of the DL-UNITDATA-EXCHANGE service.

This queue is used upon receipt of a PASS TOKEN (PT) DLPDU addressed to the DLE (see
3.3.17 and 6.2.2.3). The structure of this queue is described in 3.3.34.
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5.7.1.18 V(RID) random identifier

V(RID) is a randomly chosen identifier used by the DLE, in responding to a Probe NODE-
address (PN) DLPDU addressed to the DLE, to introduce a random element into the response,
which in turn is used to enable the DLE to validate a subsequently received node-activation
SPDU addressed to the DLE.

Each time it is used in a Probe Reply (PR) DLPDU, before its value is copied into the PR
DLPDU, the variable shall be set to a new random value chosen uniformly from the range 0 to
FF16. The actual random choice shall be statistically independent of similar choices made by

other DLEs.

Choices
multiple

NO[FE This requirement for statistical independence minimizes the probability of repeatedly identical
by (dentically-constructed real devices, and thus provides the basis for eventual discriminatio
DLEs which happen to respond to the same NODE DL-address, either through fault op/fay

5.7.1.19 C(NT) node-time counter

C(NT) is used by the DLE to record the monotonically increasing RO $ local
node-fime (see 3.3.24). In the absence of any corrective fregQe Jjust ge 9.4.1)3), its
nomirfal long-term rate of counting shall result in incrementi 3\09 2°00C = x 103
units/s). Its initial value shall be zero. C(NT) shall be/Si before reinitjaliza-
tion.
NO[FE When other data is lacking, impleme 3 ¢ & } i initializa-
tions in industrial environments is five yeags. ed ¢ <! of the
counting, which depends upon the implemeh{atiomand
5.7.1.p0 V(LSTO) local-link-scheduling-time-offs&
V(LSTO) is used by the/DLE ) i offset (difference) between thg sum
N(NT) + N(LSTO) of the scheduling-time, as received in a| TIME
DISTR|BUTION (TD) aceiving DLE’'s C(NT), so that V(LSTO) =

NLAS(LSTO) + N as( . initiakvalue of V(LSTO) shall be zero.

5.7.1.p

V(DLT
the lo
is als(

d the signed offset (difference) between the DL-time and
at DL-time = C(NT) + V(LSTO) + V(DLTO). This vgriable
BUTION (TD) DLPDU. Its initial value shall be zero.

5.7.1.
V(TQ]) i e DLE to record the multi-partite quality of both the DLE and the sourge and
path qf time distribution on the extended link. Its initial value shall indicate a local time solirce.

5.7.1.23 V(WMD) measured=detay

V(MD) is used by the DLE to record the filtered measured delay in two-way communications
between the DLE and the current LAS, as measured with a series of ROUND-TRIP-DELAY QUERY
/ ROUND-TRIP-DELAY REPLY DLPDUs. Its initial value, and its value when the DLE’s own LAS
functions are active, shall be zero. Its value is invalidated under the conditions specified in
9.4.1.3.

5.7.1.24 V(LN) LAS-node

V(LN) is used by the DLE to record the node-id (see 3.3.30) of the local link’s LAS, as received
in a TD (TIME DISTRIBUTION) DLPDU (see 9.4.1.3), or zero if the local link’s LAS’ node-id is
unknown. Its initial value shall be zero. V(LN) is used to determine the validity and relevancy of
the computed value of V(MD). Its range is the same as that of V(TN) (see 5.7.1.8).
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5.7.1.25 V(TSC) time-synchronization-class

V(TSC) is used by the DLE to record the link’s time-synchronization-class and to determine the
DLE’s own requirement for the minimum time distribution period which the DLE requires to
maintain the specified level of time synchronization. V(TSC) shall specify one of the time-
synchronization-classes defined in 11.3a). Its default value shall be the 10 ms time-
synchronization class (see 11.3a)).

5.7.1.26 T(TDP) time-distribution-period monitor

T(TDP) is used by the DLE to measure the time elapsed since the last sent or received TIME
DISTR|BUTION (TD) DLPDU

5.7.1.p7 V(TSL) time-source-link

V(TSL) is used by the DLE to record the link-id of the source n the

extengled link. Its range is the same as that of V(TL). Its initial value $

5.7.2

Each
paran

ciated

5.7.2.

Py(SI
or res

quest

5.7.2.

Pu(SL
Pu(SL

onse.

5.7.2.

Pu(MC
where

tablished maximum confirm delay for a specific repuest,
determined by associated text within this part of IEC 61158.

5.7.2. [ \ m-confirm-delay monitor

Tu(MED) is‘useth\by the DLE to monitor the completion of the actions associated with the
specified DLS-user request, to ensure that a corresponding DLS confirm is given to the DLS-
user within the interval of time allotted by the DLS-user, as specified in the DLSfuser-
establistregTmaximum confirm defay for the specific Tequest.

5.7.3 Queues to support DL-address-based DL-scheduling

Each specific instance of a DLSAP-address or DLCEP-address or subscriber DLCEP within the
DLE shall have an associated user-request queue (see 3.3.33 and 5.7.3.1).

5.7.3.1 Qa(UR) user-request queue

Each specific instance of Qa(UR) is used by the DLE to manage DLS-user requests and

responses which require DLPDU transmissions originating at the associated DL-address or
subscriber DLCEP. The structure of this queue is described in 3.3.33.
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5.7.4 Variables and timers to support a DLCEP

The state of each DLCEP is maintained in variables and timers specific to that DLCEP. The
specific set of variables and timers required for a given DLCEP is dependent on the DLCEP’s
class and data delivery features.

As shown in figure 3, the following relationships exist among the variables L (see 5.7.4.10) and
H (see 5.7.4.11) and the negotiated receiving window size WR at a receiving DLCEP, and the
variables N (see 5.7.4.3), R (see 5.7.4.4), A (see 5.7.4.5), M (see 5.7.4.6), and the negotiated
sending window size Wg (see 5.4.7.2) at the corresponding sending DLCEP:

If “S¢"-subscripts designate a sending DLE of a DLC, and "RC"-subscripts desjgrjate a
EP (varipbles,
Vc(...), and negotiated parameters, Pc(...), from the point of view of a direstion df data

transfer, are

Rc(H)-W < VscM)-W < Vsc(A) < Vre(l) < VRt
Vre(L)+W

o
Q
>
N
+
=
7

Vsc(M)-W < Vsc(R) {Se \

5.7.4.l Vc(ST) DLCEP state

Vc(ST) is used by a DLE to br/state of the DLCEP. These states gre the
same|as those shown in

9,
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/
0 7 /

variables at the sending DLCEP

Legend

44—  actual value for DLCEP's own variable

5.7.4.

Vc(NE ctured
variall s are
define

Within s are
denoted B y , where V is a Vc(NP) variable and F is a field of the EC parame-
ters a i

5.7.4.B Xc(N) next sequence number to assign to a DLSDU

Vc(N) is used by a DLE to maintain the ordinal number one greater than the number of

DLSDUs whose transmission on the DLCEP has been requested by the DLS-user. Its value at
DLCEP establishment is one, and it increases monotonically each time the transmission of a
new DLSDU is requested by the DLS-user. It does not increase when a DLS-user’s request for
transmission from a buffer (which must be on a DLCEP whose sending data delivery features
are UNORDERED or ORDERED) results in the retransmission of a previously transmitted DLSDU.

NOTE This last requirement may be realized by a two-phase incrementation process, in which writing to the
buffer arms the incrementation process for all DLCEPs which send from the buffer, and incrementation for a
given DLCEP occurs during DLPDU formation immediately prior to transmission (but not retransmission) of the
first segment of the buffer on that DLCEP.
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5.7.4.4 Vc(R) maximum non-transmittable DLSDU sequence number

Vc(R) is used by a DLE for a DISORDERED Or CLASSICAL PUBLISHER DLCEP, and optionally for

an ORDERED PEER or PUBLISHER DLCEP, to maintain the ordinal number of the highest-
numbered DLSDU which is no longer available for DLE transmission or retransmission, or zero
when there is no such DLSDU. Its value at DLCEP establishment is zero, and it is non-
decreasing. It increments each time a DLSDU, for which transmission was requested, becomes
unavailable to the DLE for retransmission, either because the DLSDU has been queued within
the DLL for longer than its specified maximum confirm delay, or because the DLSDU'’s
sequence number differs from the highest sequence number transmitted by the sending
window size V¢c(Ws), or due to DLC reset.

NO[FE Incrementing VC(R) may cause a corresponding number of requests to moye—fxom the third to the

secpnd partition of the relevant QaA(UR).

5.7.4.p Vc(A) maximum acknowledged DLSDU sequence numbe

rdinal
been
d it is
ased.

Vc(A)
numb
ackno
non-d

NO
sec|

to the

5.7.4.

Vc(M
numbgered DLSDU which
from this DLCEP. lIts val

Jhest-

h is being, or has been, transmitted
is zero, and it increases monotopically

during the initial trans i ent of each DLSDU.

5.7.4. 3 itt U segment number

Vc(M DERED, DISORDERED Or CLASSICAL sending DLCEP to
maint 8SE ina per of the highest-numbered segment of the Vd(M)'th
DLSD i S , transmitted from this DLCEP. Its initial value at OLCEP
establishmeri}, befare a has been transmitted, is zero.

5.7.4.

Ve Kk [SS) issused by a DLE for a sending DLCEP to maintain the set of segments of the K'th
DLSDU which still néed to be transmitted. For each new (N'th) DLSDU presented by thel DLS-
user fpitransmission, a new list V¢ N (SS) is created.

For A<K<M and R<K<N, additions are made to the list upon receipt of a retransmission request
for a segment of the K'th DLSDU, or upon timeout of the corresponding timer T¢c k(SS) (or

upon timeout of the timer Tc(SS) when it applies to the Kth DLSDU, when the permission of
5.7.4.9.1 is employed).

NOTE The lowest-numbered segment of the lowest-numbered DLSDU remaining is usually the next to be
transmitted; the DLE deletes this segment from the list upon transmission. For ORDERED or PUBLISHER sending
DLCEPs, the first untransmitted segment of the first not-completely-transmitted DLSDU may be sent instead, to
maintain an assured rate of delivery of new DLSDUs on periodic DLCs.
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5.7.4.9 Tc k(SS) sent-segments monitor

Tc,k(SS) is used by a DLE for a DISORDERED or CLASSICAL PEER DLCEP to monitor timely peer

acknowledgment of the K'th transmitted DLSDU, where A<K<M. It is started when the DLSDU
has been transmitted in its entirety, and is cancelled when the DLSDU is acknowledged. Upon
its timeout, the last segment of the K'th DLSDU is again added to V¢ k(SS), causing its
retransmission and potentially triggering the receiving DLE to request retransmission of any
lower-numbered segments which also have been missed.

5.7.4.9.1 Tc(SS) simplified sent-segments monitor

It is permitted to replace the set of per-DLSDU timers { T¢ k(SS) } with asing | CEP-
timer,| Tc(SS). Such a replacement will lead to equivalent DL-service ' ber of
outstgnding DLSDUs is limited by other constraints, such as a smg i i indow
size, pr when the residual error rate of the communications patk such
constfaints do not apply, then this replacement may lead to inferig
If suc

T¢ ely

pe a

D c-

kn

U e-

qu 5 ing

it ving DLE to request retransmissipn

oflany lower- numbere been missed.
5.7.4.10 V(L) last-
Vc(L)| is used b [ , DISORDERED Or CLASSICAL receiving DLCEP to
maintgin the ordinal 4 NMghest-numbered) DLSDU received at the DLCHEP and
reported to the rg€mgte CEP alue at DLCEP establishment is zero, and it increases
monotoni i Y ach completely-received DLSDU to the DLS-user.
574111
Vc(HY)i S a PEER Or SUBSCRIBER DLCEP to maintain the ordinal number (of the
highest-numbered. DLSDU received, or detected as missing, at the DLCEP. Its value at DLCEP

, and it increases with the reception of the first-received segment of each

estabelishment is zero

sequgnifally-higher-numbered newly-received DLSDU, or with the detection of a sequeftially-
h|ghe numbered miccing NI SNl

5.7.4.12 Vc(HS) highest-detected segment number of the highest-detected DLSDU
sequence number

Vc(HS) is used by a DLE for a PEER or SUBSCRIBER DLCEP to maintain the zero-based ordinal
number of the highest-numbered segment of the V¢ (H)’'th DLSDU which has been received, or
detected as missing, at the DLCEP. Its value at DLCEP establishment is zero:

a) It is set to the zero-origin index of each newly-received segment, NR(ASN) (see
8.4.2.1C)6)), received in a DLPDU provided that

1) the received DLSDU number is greater than the prior value of V¢(H), or
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2) the received DLSDU number is the same as the prior value of Vc(H), and the received
segment number is greater than the prior value of Vc(HS).

b) It is set to zero when V¢ (H) is advanced upon detection of a missing DLSDU, and the
number of segments in that DLSDU is unknown.

5.7.4.13 V¢ k(MRS) missing received segments

Vc k(MRS) is used by a DLE for an ORDERED, DISORDERED Of CLASSICAL PEER Or SUBSCRIBER
DLCEP to maintain the set of missing segments for the K'th DLSDU, for L<K<H. Additions are

made[to this Tist, or one or more new lists created, upon receipt of any segment of & new
DLSDJJ. Deletions are made as segments included on the list are received
NO pments
int nissing
DL of any
seg
NO n each
oth 5. Thus
ong he K'th
DLS
5.7.4.
Ve k( RIBER
DLCE| ission
reque LPDU
implig) d (for
SUBS(Q for a
succe| pf the
same
Deletipns are m Qti v di which
either[contains, e
NO e multi-
peq
5.7.4.
Tc k( , and
option 3 nse to
a preyious-retransmission request for one or more segments of the K'th DLSDU, where LkK<H.
The timer js started when not running, but not restarted while running, when a retransmjission
requewwmmmwﬁen all

segments of the DLSDU have been received. Upon its timeout, Vc K(RRS) is set equal to the
then-current value of V¢ k(MRS).

NOTE The timer may also be started, but not restarted, when a retransmission request from another sub-
scriber of the same multi-peer DLC, for one of the segments of the incomplete DLSDU, is overheard (see Note 2
in 5.7.4.13).

5.7.4.16 Tc(RAS) residual activity stimulus

Tc(RAS) shall be used by a DLE at an ORDERED, DISORDERED Or CLASSICAL, PUBLISHER oOf
sending PEER DLCEP, when DLC establishment (see 9.2.1.1) requested residual activity on the
DLC in this (sender-to-receiver) direction of data transfer, to ensure activity from that DLCEP
during periods when all DLSDUs presented for transmission at that DLCEP since DLC
establishment, or since the most recent DLC reset, have been transmitted
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a) at a sending DISORDERED Or CLASSICAL PEER DLCEP, when all of those DLSDUs have

been acknowledged (that is, Vc(A) = Vc(M));

b) at a PuUBLISHER DLCEP, or sending ORDERED PEER DLCEP, when none of those DLSDUs

need to be (wholly or partially) retransmitted.

This timer restarts at every transmission from the DLCEP. At timeout, it causes the current

state of the DLCEP to be sent to the correspondent DLCEP(s).

5.7.4.17 Tc(RAM) residual activity monitor

Tc(RAM) is used by a DLE for an ORDERED, DISORDERED Of CLASSICAL, SUBSER

ER oOr redeiving

PEER DLCEP to detect inactivity on the DLC. It is only required when DLC establishmenft (see

9.2.1.11) requested residual activity on the DLC in this (receiver-from-sénder)d

transfer. It runs continuously, and restarts upon reception of any '
timeot, it causes a DLCEP (and possibly DLC) reset, which may in
possilhly DLC) disconnect.

5.7.4.18 Vc(TNA) DL-time of last network access

Vc(TNA) is used by the DLE to record the DL-time @

or DLFBUFFER-SENT indication was last generated
when [the DLCEP has been specified a
one of more other local DLCEPs.

5.7.4.19 Vg(TW)

cation

1 only
ent of

Ve(TW) is used by the DLE e atwkich all of a DLSDU was last wriften to

the agsociated buffer (by
buffer| at a DLCEP). It
class pther than NONE.

5.7.4.p0 Vg(TP)

VB(TR) is use
assocjated D
DL-PYT request whi e associated DLSDU in the sending DL-buffer. It is use
when the DLC estanli specified a DL-timeliness class other than NONE.

5.7.4.p1 Vp imeliness-status of buffer-writing

Ve(T$Y) is(used by the DLE to record the timeliness-status associated with the DLSDU stg
a bufferJf the buffer is written as a result of a DL-PUT request, then the value of this vg

to the
liness

d the

bd the
0 only

red in
riable

shall be"equalto the DLS-USer data-timeliness. I the buifer 1S written as a result o1 recep

ion of

a DLPDU, then the value of this variable shall be updated as part of the reception procedure.

5.7.5 Variables and timers to support the Link Master class

The variables defined in 5.7.5 are required in all Link Master and Bridge DLEs.

5.7.5.1 V(DTA) delegation-address

V(DTA) is used by the LAS DLE to record the DL-address to which the token was last p
by a PAss TOKEN (PT), EXECUTE SEQUENCE (ES), or TRANSFER LAS (TL) DLPDU.

assed
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5.7.5.2 V(LL) local-link live-list

V(LL) is used by the LAS DLE to record the set of NODE DL-addresses (see 3.3.17 and 6.2.2.3)
on the local link which appear to be in use by peer DLEs. It is used and updated by the LAS
DLE during the LAS’s address-probing and first-opportunity activities, as described in 10.2.

NOTE Some previously-existing national standards refer to such a set as a “live list”, because it indicates the
current set of interacting DLEs on the local link.

5.7.5.3 V(TCL) token-circulation list

V(TCL) is used by the LAS DLE to record the set of NODE DL-addresses (see 3.3.17 and

622 J) UTl LIIC IUbClI IIIIl\ LU VVIIIbII A I'I LILI'LIU DIIUUIU IJC bIIbUIClLCU l.U IJIUVIUC all UIJ}JU tun'ty
for unscheduled transm|SS|ons including requests to the LAS DLE for schéduting comympnica-

tions. | and
intern
NO at |s, self-
suffi ational
sta
V(TCL first-
opport 5 be a
subse
5.7.5.
V(ENRL) is used by the LAS DLE to re S ‘ SOE DL-addresses (see 3.3.17 and
6.2.2.B) on the local link of fractional-duty- cycI i DLEs which are expected to bg non-
respo 1sive (that is, asleep") This is a ub ( ink, anges

a) their attentivene

b) their inten

Failurp eSpond to a PT DLPDU addressed to the DLE, or pn ES
DLPD -structured (see 6.2.2.1 format 1 or 6.2.2.2 format 1)
DLSE

e

2) the transmission\of the PT or ES DLPDU shall not be retried.

NO[TE, This last requirement is equivalent to using a value of zero (0) for V(MRC) when sending a PT pPLPDU
(see <(115.3) to such a DLE.

5.7.5.5 V(MST) maximum-scheduled-traffic

V(MST) is used by the LAS DLE, during any dynamic schedule construction, to determine the
maximum fraction of the theoretical interval V(TTRT) (see 5.7.5.11) which may be dedicated to
explicitly scheduled DL-activity.

V(MST) is a configuration parameter of the local link which takes the form of a one-octet binary
fraction. The range for this parameter is 0,001 to 0,BF1g; its default value is 0,401¢.
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5.7.5.6 V(MSO) maximum-scheduling-overhead

V(MSO) specifies the maximum scheduling overhead permitted an LAS DLE by the existing link
schedule. Its range is 0 to 3Fqg; its default value is 3F1g, and its unit is the transmission
duration of one octet. This overhead is included in the time allocated for each scheduled
activity, and so is used only during schedule construction and determination of whether a DLE
can serve as LAS for an existing schedule.

5.7.5.7 V(DMDT) default-minimum-token-delegation-time

V(DMDT) is used by the LAS DLE to determine the default minimum amount of local link
capadify which the LAS shall allocate to a DLE in a single PT DLPDU sent to the DLE.

V(DMPT) is a configuration parameter of the local link. The range for D16 tO
7FFF{g, its default value is 5416 + V(PhLO), which permits the sendj  PDU,
and it§ unit is the transmission duration of one octet.

5.7.5.8 V(DTHT) default-token-holding-time

V(DTHT) is used by the LAS DLE to specify the defaultoinj ) ocal link capacity
which|should be allocated to each DLE, in one cycle gf “cj ingt ken”, by the LAS| when
the LAS sends one or more PT DLPDUSs to the DLE.

V(DTHT) is a configuration parametexKof t . =/for this variable is 1141 to
65 000, its default value is 1141 + V(P permits.the Sending of one TIME-AVA|LABLE
DLPDU, and its unit is the transmission/duration

5.7.5.0 V(LTHT) link-

V(LTHT) is used by the LAS DLE S which
should@ be allocated to| LASA i tenance activities in one cycle of “circulating the
token]. These a iesy

— probing a singfe h DLE
no{ currently a \ ning a
nogle-activati

—m via an
RQD

ink to
prqvide for schedule continuation after transfer of the LAS role to such a DLE;

— coordinating a multi-link schedule with other LAS DLEs of the extended link.

V(LTHT) is a configuration parameter of the local link. The range for this variable is 1241¢ to
65 000, and its unit is the transmission duration of one octet. Its default value is

12446 + (3 x V(PhLO)) + (V(IRRD) x V(ST)), which permits
the probing of one NODE DL-address and the sending of one TIME-AVAILABLE DT DLPDU.

5.7.5.10 V(MTHA) maximum-token-holding-time-array

V(MTHA) is used by the LAS to specify, separately for each DLE listed in V(TCL) (see 5.7.5.3),
the initial amount of local link capacity which should be allocated to that DLE, in one cycle of
“circulating the token”, by the LAS when the LAS sends one or more PT DLPDUs to that DLE.
The range and units of this parameter are the same as V(DTHT) (see 5.7.5.8). Its default value
is also V(DTHT).


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

- 68 - 61158-4 © IEC:1999
5.7.5.11 V(TTRT) target-token-rotation-time

V(TTRT) is used by the LAS DLE to specify the desired upper bound on the time required for
one cycle of “circulating the token” to all of the DLEs on the local link. One cycle of “circulating
the token” is measured as the interval between successive occurrences of the LAS DLE
sending a PT DLPDU, with a token-use subfield specifying RESTART (see 7.15.2), to the lowest-
numbered NODE DL-address represented in V(LL).

V(TTRT) is a configuration parameter of the local link. The range for this variable is 1 to
60 000, its default value is 60 000, and its unit one ms.

cle of
tween
bfield
Znted in

5.7.5.13 V(RTHA) remaining-token-holding-time-array

r.5.3),
n the
re PT
d it is

5.7.5.14 V(NTHN) next-token-holding-n

3 %of the next DLE to which “the token shoyld be

circul - X Jdress to wHich a PT DLPDU will be sent. Its rapge is
1016 o FF1p (see A.2.2 d it @ yclically through the set of DLEs specified by

V(TCL) (see 5.7. .

5.7.5.15 V(FUN)

V(FUN) specifies\th esses
which|are to be~ami ‘e orderly probe of NODE DL-addresses for DLE’s not specified
by V(L

5.7.5. gr-of-consecutive-unpolled-nodes

V(NUN) specifies the iumber of consecutive NODE DL-addresses which are to be omitted from
the onderly_probe of NODE DL-addresses for DLE’s not specified by V(LL). Its range is 0Py to

E446,land its default value is 0.

5.7.5.17 P(TRD) token-recovery-delay

P(TRD) is used by the LAS DLE to record the DLE’s token-recovery-delay (see 3.3.28), which
is determined solely by the DLE itself. The default value for this variable is 14. Its range is
V(MRD)+3 to 14, and its unit is one slot-time.

NOTE This unit is chosen so that all measurements of an inactive link are for multiples of one slot-time.
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5.7.5.18 V(TDP) time-distribution-period

V(TDP) is used to determine the minimum frequency of time distribution on the local link. Its
initial value shall be the minimum value required for the link’s time-synchronization-class,
V(TSC) as specified in 11.3a). Its range is 5 ms to 55 s, and its unit is 1 ms.

5.7.5.19 V(MICD) maximum-inactivity-to-claim-LAS-delay

V(MICD) is used by the LAS DLE to record the link’s maximum-inactivity-to-claim-LAS-delay
(see 3.3.25.1), which is a configuration parameter of the local link. Its range is 1 to 4 095, and

its uni

t is one-eighth of the transmission period of one octet.

5.7.5.
V(LDI]

LAS’
V(LD

5.7.6

The v

5.7.6.
V(ML
defau
range
netwo

Additi

6 G

Withir
one-o

NO

6.1 P

Each
of Ph

PO V(LDDP) LAS-data-base-distribution-period

DP) is used by the LAS to determine the time between two succe
lata-base by means of LAS-data-base-status SPDUs sent on {

Variables and timers to support the Bridge class.

Ariables and timers defined in 5.7.6 and in anne

1 V(ML) maximum-link

hIDU stfueture and encoding

PhiDU consists of Ph-interface-control-information (PhICI) and in some cases ong

of the

ange of

hk. Its
ended

038.

ht in a

octet
check

inferface-data (see 5.4). When the DLE transmits a DLPDU, it computes a frame

sequence for the DLPDU as specified in 6.1.1, concatenates the DLPDU and frame check
sequence, and transmits the concatenated pair as a sequence of PhIDUs as follows:

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

b) The DLE issues a sequence of Ph-DATA request primitives with PhICI specifying DATA,
each accompanied by one octet of the DLPDU as Ph-interface-data, from first to last octet
of the DLPDU, and after each Ph-DATA request primitive awaits the consequent Ph-DATA
confirm primitive.
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c) The DLE issues a sequence of two Ph-DATA request primitives with PhICI specifying
DATA, each accompanied by one octet of the FCS as Ph-interface-data, from first to last
octet of the FCS, and after each Ph-DATA request primitive awaits the consequent Ph-DATA
confirm primitive.

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

The DLE forms a received DLPDU by concatenating the sequence of octets received as
Ph-interface-control-information of consecutive Ph-DATA indications, computing a frame check
sequence for those received octets as specified in 6.1.1, and checks the syndrome (residual)

of the

e)
AC

f)

DA
me
thd

9)
OF

6.1.1

NO
exp
sho

computed FCS for correctness as follows:

The DLE receives a single Ph-DATA indication primitive with P

The DLE receives a single Ph-DATA indicati iminve with specifying eithe
DATA, END-OF-DATA-AND-ACTIVITY,® € ecks the syndrome

2) Otherwise the
received DLPDU

Frame checl:s Ot

CS is specified in equation (7). The polynomial for the re
(13). Exemplary implementations are discussed in notes, 3

RT-OF-

Cifying
incre-
wo of

[ END-
Of the

puted
e two

ously-

teiver’'s
nd are

In this 3 as in other International Standards (for example, ISO/IEC|3309,
ISO/IE 3802-4, ISO/IEC 8802-5, ISO/IEC 8802-6, and ISO/IEC 93[14-2),
DLPD tection is provided by calculating and appending a multi-bit Frame {Check
Seque other DLPDU fields during transmission to form a "systematig code
word"D) of length n consisting of kK DLPDU message bits followed by n - k redundant bits, and
by calclifating during reception that the message and concatenated FCS form a legal (n,k)
code word—Te—vatteofm—k—for—this—techmitcat—specificattomrts—6—Fhemechantsm—for this
checking is as follows:

6.1.1.1 At the sending DLE

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),
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 m4 ... mg and the FCS bits are fn.k-1 ... fo, where my ... mg form the first
octet sent, mgn-7 ... mgy form the Nth octet sent, and f7 ... fg form the last octet sent, then the
message vector M(X) shall be regarded to be

1) Ww. w. Peterson and E. J. Weldon, Jr., Error Correcting Codes (2nd edition), MIT Press, Cambridge, 1972.
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M(X) = miXKl+moxKk2+ .+ mpgXt+ mg
and the FCS vector F(X) shall be regarded to be

fn_k_lx“-k'l + ...+ 1o
fi5X15+ . +1fg

F(X)

(4)

(5)

The composite vector D(X), for the complete DLPDU, shall be constructed as the concatena-

tion of the message and FCS vectors

D(X) M(X) XK + F(X)

miXN L+ moXN-2 + .+ mXNK 4+ f g xn-k-l+
miXN L+ moXN2 + .+ mX16 + f15X15+ |+ fg

The OLPDU presented to the PhL shall consist of an octet sequé&nce~

after division by G(X), of L(X) (XK + 1) + M(X) X"k
wherg G(X) is the degree n-k generator polynomié

XK + g XN-K-1 4+ 0
x16 + x12 4 x11 + 10

Y
X
|

and LX) is the maximal we

L(X)

That ip,

NOJTEQ
extgnsio

NOJE 2 This G{X) pol
conpmonly used in D€

polynéniials of the form 1 + xJ+ xK,

s (modems): the differential encoding polynomial 1 + x1 and all primitive scr

(6)

F(X),

(7

(8)

(9)

tion or

homials
kmbling

NOTE 3 Code words D(X) constructed from this G(X) polynomial have Hamming distance 4 for lengths < 344

octets and Hamming distance 5 for lengths < 15 octets.

NOTE 4 As a typical implementation, at a transmitter, the initial remainder of the division is preset to all ones.

The transmitted message bit stream is multiplied by x16 and divided (modulo 2) by the generator polynomial
G(X), specified in equation (7). The ones complement of the resulting remainder is transmitted as the 16-bit

FCS.

6.1.1.2 At the receiving DLE

The octet sequence indicated by the PhE shall be concatenated into the received DLPDU and

FCS, and regarded as a vector V(X) of dimension u

V(X) = viXUl4voXU2 4+ |+ vy X+

(10)
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NOTE 1 — Because of errors u can be different than n, the dimension of the transmitted code vector.

A remainder R(X) shall be computed for V(X), the received DLPDU and FCS, by a method
similar to that used by the sending DLE (see 6.1.1.1) in computing F(X)

R(X) = L(X)XY+V(X) XK (modulo G(X)) (11)
= rn_k_lx“-k'l +...+1r10

Define E(X) to be the error code vector of the additive (modulo-2) differences between the
transmitted code vector D(X) and the received vector V(X) resulting from errors encountered
(in the_RhS provider and in bridges) between sending and receiving DI Es

E(X) = D(X)+ V(X) (12)
If no ¢rror has occurred, so that E(X) = 0, then R(X) will equal a n mainder
polyngmial
Rok(X) = L(X) X"k (modulo G(X)) (13)
= XI5+ x14+ 13+ x99+ x8+ 7+ x4+
whose¢ value is independent of D(X). Unfortunately i cases
wherd E(X) is an exact non-zero m ) table”
errorg. In all other cases, R(X) will no all be
discafded without further analysis.
NO[E 2 As a typical implementation, at a ey, 1 ) | ones.
Thq received bit stream is mun ecified
in gquation (7). The resultinyg in the
abslence of errors.
6.1.1.B Modification wi
When| forwarding a /D it more
subfidlds of a DLPD shall
modify the receive S 2 shall
not discard thé 3 S | field
has bgen a
When[ the receive J’s length, plus that of its FCS field, is N octets, then the bridge can
compeénsate fo \ge in bit K in the first octet by computing the residual of the polynomial
X8N¥K-8  (modulo G(X)) (14)

and then updating the DLPDU’s FCS field by exclusive-ORing the computed residual into that
field.

NOTE When the bridge initializes, it can precompute the residuals for all permissible DLPDU lengths and bit
positions potentially needing alteration— for values of N between 3 and 272, and for K equal to 2. Then for any
DLPDU the bridge need only apply to the DLPDU’s FCS that residual which corresponds to the change actually
made in the DLPDU’s frame control octet.

2) p.R. Irvin, Preserving the integrity of cyclic-redundancy checks when protected text is intentionally altered, |BM
Journal of Research and Development, Vol. 33, No. 6, November 1989, pp. 618-626.
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6.2 Common DLPDU structure, encoding and elements of procedure

Each DLPDU consists of a frame control field which specifies the type of DLPDU and conveys
small size (fractional octet) parameters of the DLPDU; zero to three explicit address fields,
each containing a DL-address, all of the same length; additional parameters of the DLPDU; and
for most DLPDUs, a user data field conveying all or part of a DLSDU. To this is appended
before transmission, and removed after reception, an FCS field (see 6.1.1) used to check the
integrity of the received DLPDU.

6.2.1 Frame control (FC) field

The fr
types|of DLPDU it also conveys a number of fractional-octet parameter
contrql subfields, specific to the DLPDU type.

many
rame-

Some| types of DLPDU require an immediate reply. Such DLPD t| while

holding a scheduler or delegated token.

When| a token is delegated, then the priority specified in the isMhe minimum
priority required of all DLPDUs sent during the following péeriod 0 sinuse. DLPDUs of|lower
priority shall not be sent during that period.

6.2.1.]l Address size subfield

N

An address-size subfield is used to skeci q berg n each address field |of the

DLPDU.

In DLPDUs which support multiple aadre izé
contrql field. Its encoding ig*

1: LONG — t 8 e ields/are each four octets, and their link designator

subfields are non-

bfield occupies bit 3 of the [frame

The OT DLPDU a with only implicit DL-addresses:
— VER et J logically contains a single DL-address field, which is null (zero
ocfets. )

i) If the.single null DL-address field is a source address, then the source DL-addrgss of
the eurrent D¥DU is implicitly the destination DL-address of the immediately prigr CA,
CD,or'ED DLPDU on the link (which must have been a DLCEP-address).

i) If the single null DL-address field is a destination address, then the destination
DL-address of the current DLPDU is implicitly the source DL-address of the immediately
prior CA, CD or ED DLPDU on the link (which itself may be an implicit DLSAP- or
DLCEP-address).

NOTE This VERY SHORT form is indicated by other components of the DLPDU'’s frame control octet, and not
by its address-size subfield.
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6.2.1.2 Final token use subfield

A final-token-use designator is used to optimize the return of a delegated token at the end of
the last transaction of an instance of delegated token usage. This subfield is present in most
DLPDUs, including all DLPDUs which can be sent by a DLE which holds a delegated token or
reply token. When present, this subfield occupies bit 2 of the frame control field. Its encoding
and semantics depends on the type of DLPDU:

a) The encoding and semantics for CA, CD, CT, ED and RQ DLPDUs is:

0: NOT-FINAL — the delegated token is not returned to the LAS at the end of the current
transaction;

1: FINAL — the delegated token is returned to the LAS at the end = nsac-
tion, after transmission of the DLPDU and its requested immedjat hether
detected or not, and no additional use of the token being returihed\ ed 3 s fime.

b) [The encoding and semantics for DC, DT, EC, RC, RR, SR §

0: NOT-FINAL — the delegated token is not returpedtq_th e urrent

1: FINAL — the delegated token is returned : gnsac-
tion, after transmission of the D urned
is needed at this time.

0: RESTART — this i§ it KEN i ithi “Ci ing the

1 comm@

rent cycle of

thHat is, secondary) token delegation within thie cur-
or of scheduled sequence execution, and so thge pre-

viously initigte éd or scheduled transactions should be continued
When| a bridge ivesufar foxwarding a DLPDU which contains a final-token-use sybfield
whosé is diffe équired by the bridge, then the bridge shall complemept the
receijed/DL inal-token-use subfield before forwarding and shall make a compensating
modifijcation_to>t ived DLPDU’s FCS field (see 6.1.1.3) to preserve the FCS infegrity

protegtion pro'ed bwthe DLPDU'’s originator.

NO[FE Only CA, CD;YDC, DT, EC, ED and RC DLPDUs (see 7.1 to 7.7) are forwarded through bridges.

6.2.1.3—Priority-subfretd

A Priority designator is used to specify the DLPDU’s or transaction’s priority, to limit the size of
the user data field of the DLPDU, and to constrain the minimum (lowest) priority of any DLPDU
sent as an immediate reply requested by, or token usage delegated by, this DLPDU. This
subfield is present in all CA, CD, DT, ED, PT and RC DLPDUs which contain explicit
DL-addresses. When present, this subfield occupies bits 1 and 0 of the frame control field. Its
encoding is:

01: URGENT (high) priority;
10: NORMAL (medium) priority;

11: TIME-AVAILABLE (low) priority.
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6.2.2

DL-address fields

The structure of DL-addresses is specified in annex A, which also specifies standard pre-
assigned addresses and address ranges.

6.2.2.

1 LONG address field

A LONG address field usually consists of a fixed sequence of three parts as specified in annex
A. The parts are

a)
b)
c)

Separ
partia

an explicit link designator component;

an explicit node designator component;
an explicit selector component.

ately, the three parts reflect an hierarchical address st
ly or totally flattened. These alternatives are shown in

format 1 | Link /\I\\N\\ \i\é‘e{@n)

2 octets \Q\) 1 octet

format 2 Qk \ | N N)}c/ e || Selector |

% NS

Llnk Node || Selector

4 octets

When| present, thg ocalized on transmission and reception, as speci
6.2.2.4. Similarly, dAs present and specifies the local link, and when the
field i$ present, teld shall be delocalized on transmission.
6.2.2.p
A SHQRT addre usually consists of a fixed sequence of one implicit and two €
parts,|as specifiedin dnnex A and figure 5. The parts are

a) animplicit link designator component, specifying the local link, which is always pres

hy may be

ified in

Node

xplicit

nt;

b) an explicit node designator component;

c) an explicit selector component.

Separately, the parts reflect an hierarchical address structure. This hierarchy may be partially

flattened. The alternatives are shown in figure 5.
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format 1 0000 | Node Selector |
1 octet 1 octet
or
format 2 0000 | Node || Selector |
2 octets

Figure 5 — sHORT DL-address field — alternative implicit structures

When

6.2.2.B NODE DL-address field

A NoIj
DLE’s
parts,

a)

b)

c)

The N

6.2.2.
The f

tion (g
acan

Two \

an implicit selector component of 2

PR At ! il 1 T ! 1 (| L. ! " H H ki H
PIESTIIL, UTIT INUUT TITTU STidll dalivwwadys T UtciutaliZCu UlT trarisiftisSIulT, as SPTUI |ed n

6.2.2.4.

E DL-address is a one-octet version of a SHORT addresg i hick igna some
DL-support functions. It consists of a fixed sequence © i iCi xplicit
as specified in annex A and figure 6. The parts are

format 1

s'on 3 peception processes are collectively referred to as delogaliza-
iCh is\the DLE-internal process of converting synonymous DL-addresges to

ink’field — the value zero and the value equal to V(TL) — are equivalent in

a)

n transmission, when the value or an explicit Link Tield would otherwise be zero, then

the value of that Link field shall always be set to V(TL).

NOTE 1 The variable V(TL) can have the value zero, in which case this substitution effects no change.

NOTE 2 This equivalence makes it possible for a DLE to transmit on the local link without knowing the
link’s correct value for V(TL), or during periods when that value is in transition (in which case it is being
administratively changed from zero to non-zero).

NOTE 3 This equivalence provision is an aid to DLS-users, and potentially in implementations of this
DL-protocol; it permits references to the local link DL-address component to be represented uniformly by the
value zero.

b) On reception, with respect to the Link field, the value V(TL) shall be considered equiva-
lent to the value zero, except that a DLPDU containing a DL-address with a Link field
actually equal to zero shall not be forwarded by a bridge onto a different link.
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Within a DLE, and when addressing the local link, two values of the Node field — the value
zero and the value equal to V(TN) — are equivalent in designating the local DLE on the local
link.

c) On transmission, when the value of the Link field is equivalent to V(TL), and the value of
a Node field would otherwise be zero, then the value of that Node field shall always be set to
V(TN).

NOTE  This equivalence provision is an aid to DLS-users, and potentially in implementations of this
DL-protocol; it permits references to the local node DL-address component to be represented uniformly by
the value zero.

6.2.3 [Parameter field

Each DLPDU class may have a DLPDU-class-specific parameter field; cribed
in clagise 8.
When unter,
C(xx) variaple or
count onger
trackg ion of
nome { r stop
counting, and in the various time-related DLPDUS bntain
multip
6.2.4
RC, G ] data
transf nplete
DLSD be no
larger

01

10

11
PR D (see
B.3.2. be no

larger

TL DUPDUs containva user data field which is used to convey a LAS-data-base-status |[SPDU

(see B,3.2:3) from the LAS DLE to the addressed DLE; its size is constrained to be nojlarger
than permitted at URGENT priority — 64 octets

DC and EC DLPDUs contain a user data field. Their implicit priority is TIME-AVAILABLE; however,
the size of their data fields is constrained to be no larger than permitted at NORMAL priority —
128 octets.

6.2.5 Elements of procedure for minimum-inter-DLPDU delay

The DLE which holds the dominant token shall start transmission only after providing a delay of
at least minimum-inter-DLPDU delay, V(MID), octet durations, where the delay is measured as
specified in 5.7.1.12.
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6.2.6 Elements of procedure for dropping of token by dominant token holder

If the DLE which holds the dominant token has just completed either

a) the transmission of a DLPDU, as indicated by receipt of a Ph-DATA confirm primitive
corresponding to the most-recent Ph-DATA request primitive, which shall have specified
END-OF-DATA-AND-ACTIVITY, Or

b) the reception of a DLPDU, as indicated by receipt of a Ph-Data indication primitive
specifying either END-OF-DATA-AND-ACTIVITY Or END-OF-DATA Of END-OF-ACTIVITY

but hgds not yet started its next transmission, either

c) pecause it is waiting for the required interval of minimum-inter-DAR
d) because it is not ready to transmit due to delay in preparing

then [lf that DLE is able to receive during this interval 2 5.4.3)

reporting DATA is received, then the DLE shall drop the t

6.2.7 |Common elements of procedure for monitoring lin

A number of DLPDU types (CA, CD, F : by a token holder request

an immediate response. Common procs
TonS'

a) heed to monitor for that immediate re

b) heed to determine
— when to stop
— whether

6.2.7.[L Monitorirlg fo

After sending.a CA

1) monitor the_ldcal link for a period of immediate-response-recovery-delay slot-fimes,
V(IRRD) x V(ST) octet-durations, waiting for a reply;

2) then take appropriate action based on the result of that monitoring;

b) where the sending DLE is also the responding DLE, it shall take action as if the monitor-
ing had occurred and had successfully detected the requested immediate response DLPDU.

The monitoring procedure is:
1) If a PhL-indication (see 5.4.3) reporting DATA is received, then the DLE shall

i) stop further monitoring;
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ii) then wait for receipt of the PhL-indication reporting END-OF-DATA-AND-ACTIVITY Or END-
OF-ACTIVITY;

2) If 1) does not apply, and the monitoring period expires, then

i) if the bus is not active at that moment (that is, the last-received PhL-indication re-
ported END-OF-ACTIVITY), then the DLE shall stop further monitoring.

i) if i) does not apply, implying that the link is active at that moment (that is, the last-
received PhL-indication reported START-OF-ACTIVITY), then

a) For implementations that were not demonstrable on or before c 1995,
the DLE shall monitor the local link for a period of one additiopal T) oc-
tet-durations, waiting for a PhL-indication:

A) If a PhL-indication reporting DATA is received, ed as

in 1).

B) If a PhL-indication reporting END-OF-AC ot ap-

C)
D) bn the
\-AND-
B) Implementation - onstra terna-

levelop
b to im-
which
bjection
menta-

NOTE /After
chips Si
prove the

At the)

3)

speci-
fied NOT-FINAL, then the DLE shall start the next transmlssmn Wlthln immediate-response-
recovery-delay plus one slot-times, (V(IRRD) + 1) x V(ST) octet-durations, of the end of
transmission of that CA, CD, ED, CT or RQ DLPDU.

4) If 1) or 2)ii)a)A) or 2)ii)a)C) applied and link activity did not result in a DLPDU, then the
sending DLE shall

— report the failure to detect a valid reply to local DL-management;
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— if the final-token-use subfield of the originating CA, CD, ED, CT or RQ DLPDU speci-
fied NOT-FINAL, then the DLE shall start the next transmission within maximum-reply-
delay slot-times, V(MRD) x V(ST) octet-durations, of the beginning of the current period
of link non-activity;

5) If
— the link activity resulted in a DLPDU;

— if the received DLPDU was not a permissible reply DLPDU,

thgn any held token shall be dropped and local DL-management sha
event.

of the

NOTE These DL-management reports may take the form of incrementing unter.

6) |If

— the link activity resulted in a DLPDU;

— the final-token-use subfield of'th N pcified

thgn the DLE shall start the next trapsmissjon awtf aximum-reply-delay slot-times,
V(MRD) x V(ST) octet-dutations, of ' e current period of link non-actiyity.

6.2.7.¢ Monitoring for

If the

final—token@ i y eceived CA, CD, ED or RQ DLPDU has the value |FINAL,
then

sed immediate responder DLE, then the LAS DLE shall

ap 6.2.7.1 1) and 6.2.7.1 2);
b) s also thé responding DLE, then it shall take action as if the mon(toring
ha had shccessfully detected the immediate response DLPDU.
After I ponitoring a), or after sending the requested immediate response ), the
LAS L

1) assume thatthe current use of the defegatettoken ttas terminated—and thatthesched-
uler token is again dominant on the local link; and

2) treat that termination as if the token had been returned by an RT (see 7.17) DLPDU;
3) resume active operation as the LAS.

6.2.7.3 Monitoring for an immediate response as a subscriber to a DLC

A DLE which

— receives a CA, CD or ED DLPDU requesting an immediate response;


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

61158-4 © IEC:1999 -81-

— is an intended recipient of that requested immediate response DLPDU;

— is not itself the CA, CD or ED DLPDU’s addressed responder,

shall initiate a timer with a duration of immediate-response-recovery-delay slot-times,

V(IRRD) x V(ST) octet-durations:

a) If a PhL-indication (see 5.4.3) reporting DATA is received, then the DLE shall stop further
monitoring and wait for receipt of the PhL-indication reporting END-OF-DATA-AND-ACTIVITY oOf

END-OF-ACTIVITY and proceed as in e).

b) [f the monitoring period expires, and the bus is not active at the ey
pefiod, then the DLE shall stop further monitoring and proceed as in g)

c) [f the monitoring period expires, and the bus is active at the end of\thi
thgn the DLE shall wait for receipt of the PhL-indication repo#ing
or END-OF-ACTIVITY, and then proceed as in d) or €) as appropyiate.

d) |f the monitoring did not result in a DLPDU as in
invialidate V(RA).

e) [f the link activity resulted in a DLPDU a6
DLPDU was a DT DLPDU whose ‘
DLICEP-address specified by the CA

thg recorded address V(RA) shall b

6.2.8 [Two-way alternate ¢hal
There|is no requiremel

ting a|DLPDU; bu e
in a tyvo-way aIt @
DLPDU as if it had\ g

antly by that DLE.

toring

eriod,
TIVITY

Hen the DLE shall

ceived
nhation
V(RA)
Brwise

nsmit-
rating

then a sending DLE shall treat each transmitted
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7 DLPDU-specific structure, encoding and elements of procedure

NOTE 1 The elements of procedure in this clause correspond generally to the lowest DLL sublevel, as
specified in 5.1.1.

This clause defines the structure, contents and encoding of each DLPDU type and format, and
specifies elements of procedure for that DLPDU type and format. (Table 2 summarizes their
structure.)

Within each subclause the DLPDU’s structure contents and encodlng are descrlbed first.

Then those—aspec 5 S 5 and Es are
addre ; arding
functipns of bridges (relay DLESs).

Throughout this clause, whenever a conditional action is specified i * angbling
conditi P € fect is
that efents which do not meet any of the enabling conditions ifiedh i c edure

A DL ate to
ONLIN DLE’s
DL-support functions, as specified in 7.13.4, #Al4. ' d. al the
DL-prptocol specifies the response of th i essed
to the|DLE’s DL-support functions. Thg mriges its state to ONLINE shall

not be¢ dependent in any way on the recei INE of other than the gbove-
specified (PN, PT, DT) DLPDUs.

NOJE 2 Receipt of a DLPDU_without obs dide the

scope of standardization.

hinant
token

A DLE which is ONLINH

token|on the local link.
is degendent on

a) e CA,
CD

b) e CA,
COhO

c)

1)/DF and SR when replying to a CA, CD or ED DLPDU;

2) TD when replying to a CT DLPDU;
3) PR when replying to a PN DLPDU,;

4) RR when replying to an RQ DLPDU.
d) Tokens are created only by the following DLPDUs:

1) A scheduler token is created only by a CL DLPDU;
2) A delegated token is created only by PT and ES DLPDUSs;

3) A reply token is created only by CA, CD, CT, ED, PN, RQ and TL DLPDUs.
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Table 2 — Summary structure of DLPDUs

is aone-octet NOBE DL-address
.04s the two-octet SHORT DL-address form of a one-octet NODE DL-address

DLPDU frame DL-addresses user

class control destination source 2nd source  pdrameters data

EC1 1111 LFOO [HL.IN.S [HL.IN.S [HL.IN.S EC-p 0-DLSDU
EC 2 1110 LFOO [HL.IN.S [HL.IN.S EC-p 0-DLSDU
DC 1 0111 LFOO [HL.IN.S [HL.IN.S DC-p 0-DLSDU
DC 2 0110 LF0O [HL.IN.S DC-p 0-DLSDU
RC 1 0111 LFPP [HL.IN.S [HL.IN.S RC-p o-DLSDU
RC 2 0110 LFPP [HL.IN.S RC-p 0-DLSDU
CA1l 1110 LFPP | [HL.IN.S [HL.IN.S SD-p 0-pDLSDU
CA2 1010 LFPP [HL.IN.S — SD-p 0-pDLSDU
¢D 1 1111 LFPP | [HL.IN.S [HL.IN.S 0-SD-p —
¢D 2 1011 LFPP | [HL.IN.S — 0-SD-p (‘ =
BD 1 1100 LFPP | [HL.IN.S [HL.IN.S

§D 2 1000 LFPP [HL.IN.S —

T 1 1101 LFPP | [HL.IN.S [HLIN.S

DT 2 1001 LFPP [HL.IN.S —

T 3 0101 LFPP [HL.IN.S

DT 4 1001 OFO00 [PSA] —

T 5 0101 OF00 [PDA] Sp- 0-pDLSDU
3R 0001 OF11 [PSA] N / 0-SRY —
¢T 0001 OF00 — — /(7 \Q( o’ —
1D 0001 OF01 — N N\ A TD-p —
RQ 1100 OF00 N.O N.o<\\ \ Q ‘Q) \}RQ-p —
RR 1101 OF00 N.O 0 ( O\ RR-p —
AN 0010 0110 N — Q< N_ PN-p —
R 0010 0111 — — \ — SPDU
RT 0011 OFPP N \/ DD-p —

S 1000 LFOO /| NHL.JNS~_ Q DD-p —
RT 0011 0100 [DTHT — —

i 0010 000Q — N\ H] )\ DD-p —

gL 0000 0401 S\ N — —

L £000.011p R N/ — SPDU
WK 08090800\ | Ny N\ — —
IpLE 0004QF 10 SA N — — 0-DLSDU
Key \\—a/
Llindicates ciated DL-addresses (0 = SHORT, 1 = LONG)
Flindicat n, oibthat a sequence should be finished rather than restarted
PP specifi | PDU and any passed token
shading indi i non-existent field
—+ indi i istent field whose contents are required to be null

[RPDAYis the implied DL-address equal to the explicit destination DL-address of the immediately

existent field whose actual contents are required to be null
[PSA] is the implied DL-address equal to the implied or explicit source DL-address of the

required to be null

DLPDU. This is a logically existent field whose actual contents are required to be null
o- indicates optional field contents
xx-p indicates xx-class DLPDU parameters
DLSDU is a DL Service Data Unit
pDLSDU is a complete or partial DLSDU
SPDU is a Support Protocol Data Unit

prior DLPDU on the link, which must have been a CA, CD or ED DLPDU. This is a logically

immediately prior DLPDU on the link. This is a logically existent field whose actual contents are

[DTH] is the implied DL-address equal to the explicit destination DL-address of the most recent PT
or ES DLPDU on the link — the DLPDU which delegated the token returned by the RT or RI
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Table 3 — DLPDU restrictions based on dominant token
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Type of Can be sent while Can be sent while Can be sentin
DLPDU class token using Scheduler using Delegated Reply to
created token token

EC none Y Y —

DC none Y Y —

RC none Y Y —

CA Reply Y Y —

CD Reply Y Y —

ED Reply Y Y /\

DT none Y Y NC%‘\CD,\SQ

SR none N N (\\QA BQEQ TD

CT Reply N Y/\ Z

TD none Y N\ . Oh \ W

RQ Reply Y &Y \ \ B —

RR none N N A RQ

PN Reply Y A j ] AN —

PR none N A N / ( R > PN

PT Delegated Y \ N —

ES Delegated /N N —

RT none \ l\(\ ) Y —

RI kéne \N \) N Y —

o pem [ oo J] -
Y\ N —
v v —
Y Y —

7.1 H PDU
An ES TION\(EC) DLPDU is used to establish a peer DLC between two| DLS-
users between a publishing DLS-user and subscribing DLS-users.
7.1.1 [Strycture of thé EC DLPDU
Tabhle 4 — Structure of EC DLPDILIs
S second
format frame destination source source parameters user data
control address address address
L 1111 1F00 HL.N.S HL.N.S HL.N.S EC-p 0-DLSDU
1S 1111 OF00 N.S N.S N.S EC-p 0-DLSDU
2L 1110 1F00 HL.N.S HL.N.S EC-p 0-DLSDU
2S 1110 OF00 N.S N.S EC-p 0-DLSDU
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7.1.1.1 Frame Control Field

The frame control field shall specify
a) the DLPDU'’s function;
b) the DLPDU'’s implicit priority, which is TIME-AVAILABLE;
c) the length, number and type of DLPDU addresses;

d) en.

7.1.1.p Address Field

The afddress field shall consist of either

a) an explicit destination DL-address and two explicit source ; order,
for|formats 1L and 1s, or

b) pnly two explicit source DL-addresses, for form

For farmats 1L and 2L, all addresses sha 9 : shall
be SHPRT.

7.1.1.p Parameters Field
The eptablish-connection p ected

QoS attributes of the DLG, i i all be
structpired and encodeg.as d ‘ i .

7.1.1.4 User Da iel

The ulser data fiel ¢ Qf A sing ted to
128 oftets.

7.1.2 |Contexg

The frlamge co
For fogrmats 1L and 1s

a) theAirst DL-address shall be a DL(SAP)-address or a DLCEP-address;

b) the second DL-address shall be a DLCEP-address or a DLSAP-address;

c) the third DL-address shall be a DLSAP-address of the DLSAP associated with that
second DL-address.

For formats 2L and 2s, the first DL-address shall be a publisher DLCEP-address, and the
second DL-address shall be a DLSAP-address of the DLSAP associated with that first
DL-address.

The EC-parameters shall specify the proposed or selected QoS attributes of the DLC, including
the version of the DL-protocol in use. The contents of this field shall be as described in 8.1.
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7.1.3 Sending the EC DLPDU

An EC DLPDU may be sent on the link when the sending DLE holds a scheduler token or
delegated token which is the dominant token on the local link, and when the remaining
allocated duration of token usage, C(RD), permits completion of the EC DLPDU’s transmission
prior to expiration of the token.

Each DL-address in the DLPDU shall be delocalized (see 6.2.2) before transmission.

If the DLE holds a delegated token, and no additional use of that token after sending this
DLPDU is needed at that time, then the DLE may set the final-token-use subfield of the EC

DLP Iy +lo l 1 tlo ot lafialeal laall lo +lo l
U 1T vailut FIINAL, TIoOT UTadl SUUTITTU STTall TTavT Uic valutc NUTTFTINAL.

7.1.4 |Receiving the EC DLPDU

Each

7.1.4.

If the
active

or an

7.1.4.

None.

7.1.4.

a) [Since every Bridge clas
alsjo apply to =o Q

b) [If the first D the DLPDU is one which the bridge should fofward,
and the br|dg S e DLPDU without error, then the received DLPDU shall
be| forwargded ation of the frame-control field in the forwarded DLPDU as

1.4.2

ap

c) i alNattempt to update its routing table entry for the source DLCEP-address
an ! caddress specified in the DLPDU to reflect the bridge port from whigh the
DL i

d) [f\the DLPDU'’s Establish-Connection parameters indicate that the DLPDU’s addressee(s)
will be the subscriber(s) of a multi-peer DLC, then the bridge shall attempt to update its
routing table entry for the source DLCEP-address specified in the DLPDU by adding the
bridge port(s) to which the DLPDU is being forwarded to the set of sink DLCEP ports
associated with that source DLCEP-address.

NOTE This last procedure is only meaningful for formats 1L and 1s of the EC DLPDU.

7.1.4.4 Additional actions required of the current LAS DLE

If the final-token-use subfield of the received DLPDU has the value FINAL, then the LAS DLE
shall

a) assume that the current use of the delegated token is terminated as if the token had
been returned by an RT (see 7.17) DLPDU;
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b) assume that the scheduler token is again dominant on the local link and resume active
operation as the LAS.

7.2 Disconnect Connection (DC) DLPDU

A DISCONNECT CONNECTION (DC) DLPDU is used to disconnect an existing or proposed DLC.

7.2.1 Structure of the DC DLPDU

Table 5 — Structure of DC DLPDUs

format framme destimatiom S parameters data
control address address /u&e-r\
1L 0111 1F0OO HL.N.S HL.N.S DC-p ,* o?DkSE\)U\
1S 0111 OF0OO N.S N.S DC-p/\ o-\S{S\w
2L 0110 1F0O0 HL.N.S %\p\ B\DLS U
2S 0110 OF0O N.S E)Q-p . N \Q-DL D,

7.2.1.L Frame Control Field
The frame control field shall specify
a) the DLPDU'’s function;

b) the DLPDU'’s implicit priority, whig

c) the length, number aqd typé

d) whether or nit tra
7.2.1.p Address Id

The afdress field

en.

a) an exp S Xi br, for

b) jonly an Bxp

For farmats/1L and 2L, all addresses shall be LONG; for formats 1s and 2s, all addresses$ shall
be SHPRI

7.2.1.3 Parameters Field
The disconnect-connection parameters (DC-parameters) field shall specify the version of the

DL protocol in use, the desired action and the reason for that action. This field shall be
structured and encoded as described in 8.2.

7.2.1.4 User Data Field

The user data field shall consist of a single optional DLSDU whose maximum size is limited to
128 octets.
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Content of the DC DLPDU

The frame control field shall be encoded as specified in table 5.

For formats 1L and 1s, either

a)

both DL-addresses shall be peer DLCEP-addresses, or

b) the first DL-address shall be a DL(SAP)-address, and the second DL-address shall be a

DL

c)
DL

For fogrmats 2L and 2s, the sole DL-address shall be a publisher DLC

The OC-parameters shall specify the version of the DL-protgcoNin use

reaso

7.2.3

A DC
deleg

aIIoce?Led duration of token usage, C(R

prior
Each

If the
DLPD,
DLPD

7.2.4

Each

7.2.4.

If the

activel DLCEP of the receiving DLE, then the received DLPDU shall be forwarded to the

upper

7.2.4.

None.

7.2.4.

CEP-address, or

the first DL-address shall be a DLCEP-address, and the second D
SAP-address.

dakess shal

Sending the DC DLPDU

DLPDU may be sent on the link when

expiration of the token.

DL-address in the DLEDU shall be

firsi-DL-address specified by the DLPDU designates an active DLSAP-address

2

tHlevel functions (see 9.2.1.7) for further processing.

2 Additional actions required of a Link-Master class DLE

3 Additional actions required of a Bridge class DLE

be a

en or
ining
ission

g this

set the final-token-use subfield of the DC

or an
DLE'’s

a) Since every Bridge class DLE has Link Master capability, any actions specified in 7.2.4.2

als

o apply to a Bridge class DLE.
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b) If the first DL-address specified in the DLPDU is one which the bridge should forward,
and the bridge was able to buffer the DLPDU without error, then the received DLPDU shall
be forwarded with modification of the frame-control field in the forwarded DLPDU as

appropriate (see 6.1.1.3).

c) If the DLPDU's Disconnect-Connection parameters indicate that a reply is not requested,
then the bridge may attempt to remove the routing table entries for any explicit DLCEP

addresses specified in the DLPDU.

7.2.4.4 Additional actions required of the current LAS DLE

If the|final-token-use subfield of the received DLPDU has the value FINAL

shall

a) pssume that the current use of the delegated token is termj

been returned by an RT (see 7.17) DLPDU;

b) pssume that the scheduler token is again dominant gr

opegration as the LAS.

7.3 Reset Connection (RC) DLPDU

A REYET CONNECTION (RC) DLPDU is u

7.3.1 |Structure of the RC DLPDU

Table 6

frame stlnatl
conthI ddress

format parameters user data
1L 0111 EFP\&/\ HL\QR HL.N.S RC-p o-DLSDU
N.S RC-p o-DLSDU

HL.N.S RC-p o-DLSDU

N.S RC-p o-DLSDU

7.3.1.

The fi

a) the DLPDU'’s function;

hen the LA$ DLE

sken had

active

b) The DCPDU’S priority,

c¢) the length, number and type of DLPDU addresses;

d) whether or not transmission of the current DLPDU terminates use of a delegated token.

7.3.1.2 Address Field

The address field shall consist of either

a) an explicit destination DL-address and an explicit source DL-address, in that order, for

formats 1L and 1s, or
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only an explicit source DL-address, for format 2L and 2s.

For formats 1L and 2L, all addresses shall be LONG; for formats 1s and 2s, all addresses shall
be SHORT.

7.3.1.3 Parameters Field

The reset-connection parameters (RC-parameters) field shall specify the version of the DL
protocol in use, the desired action and reason, and other information. This field shall be
structured and encoded as described in 8.3.

7.3.1.

The u
the m

7.3.2

The fi

For fo
2s, th

The R
reaso

7.3.3

1 User Data Field

Ser data field shall consist of a single optional DLSDU whose ma
aximum DLS-user data size permitted for a DLPDU of the priorj

Content of the RC DLPDU

ame control field shall be encoded as specified in ta

. For formats 4

use, the desired actig
ncoded as described in

ted to

1b).

'L and

n and
8.3.

An RC DLPDU may be se sending DLE holds a scheduler token or
delegated token which\i ! the local link, and when the rerr?laining
aIIocied duration of LIS F nits completion of the DLPDU’s transmlfission
prior

Each be_delocalized (see 6.2.2) before transmission.

If the d\token, and no additional use of that token after sending this
DLPD| hen the DLE may set the final-token-use subfield of the RC
DLPD| that subfield shall have the value NOT-FINAL.

7.3.4

Each PL-address inthe DLPDU shall be delocalized (see 6.2.2) upon reception.

A recet

7.3.4.1 Actions required of all DLEs

If the first DL-address specified by the DLPDU designates an active DLCEP of the receiving
DLE, then the received DLPDU shall be forwarded to the DLE’s upper-level functions (see 9.2)
for further processing.

7.3.4.2 Additional actions required of a Link-Master class DLE

None.
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7.3.4.3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in 7.3.4.2
also apply to a Bridge class DLE.

b) If the receiving DLE is a bridge, and the first DL-address specified in the DLPDU is one
which the bridge should forward, and the bridge was able to buffer the DLPDU without error,
then the received DLPDU shall be forwarded with modification of the frame-control field in
the forwarded DLPDU as appropriate (see 6.1.1.3).

7.3.4.4 Additional actions required of the current LAS DLE

If the|final-token-use subfield of the received DLPDU has the value FINA $ DLE

shall

a) pssume that the current use of the delegated token is termin
been returned by an RT (see 7.17) DLPDU;

b) pssume that the scheduler token is again dominant < active

opegration as the LAS.

7.4 Qompel Acknowledgment (CA) DLPDU

A Co

a) gsting

DL[S-

b)
withoyit requiring that tk i S ithi ext of
a DLC. in the
synch
A CA upon
recepii ply of
either If no

DLPD

7.4.1

Table 7 — Structure of CA DLPDUs

format framme destimation S parameters user data
control address address
1L 1110 1FPP HL.N.S HL.N.S SD-p o-pDLSDU
1S 1110 OFPP N.S N.S SD-p o-pDLSDU
2L 1010 1FPP HL.N.S — SD-p o-pDLSDU
2S 1010 OFPP N.S — SD-p o-pDLSDU

7.4.1.1 Frame Control Field

The frame control field shall specify

a) the DLPDU'’s function, including that an immediate reply is being requested;
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b) the transaction’s and DLPDU'’s priority;
c) the length, number and type of DLPDU addresses;

d) whether or not transmission of the current DLPDU, and either its expected immediate
reply or the appropriate link-idle timeout, terminates use of a delegated token.

NOTE This field necessarily has the value NOT-FINAL when an immediate retry of the current transaction is
possible. Only a transaction which is guaranteed to not need an immediate retry may have the value FINAL

spe

7.4.1.

The a

a)
for

b)

For fa
be sH

7.4.1.

cified in its associated DLPDU.

p—Address Fretd

ddress field shall consist of either

rmats 1L and 2L, all addresses shall be LONG;
DRT.

s, all addresses

B Parameters Field

br, for

shall

The gtatus-data-parameters (SD-para o the
assocjated destination DL-address:
a)
y with
to the

Th

b)
for

a2 DLCEP-address, then the SD-parameters specify state inforrn
P. This field shall be structured and encoded as described in 8

NOTE- \The size~dnd structure of this field is dependent on the QoS attributes associated with the
addressed by the destination DL-address specified in this DLPDU, and is determined during DLCEPR
lishment.

hation
A4.2.

DLCEP
estab-

7.4.1.4 User Data Field

The u

ser data field size and content are limited by the associated destination DL-address:

a) If that DL-address is a DLSAP-address, then the user data field shall consist of DLS-user
data whose maximum size is limited to the smaller of the maximum DLS-user data sizes
permitted for a DLPDU of the priorities specified in 7.4.1.1b) and 7.4.1.3a)2), and shall not
be null.

b) If that DL-address is a DLCEP-address, then the user data field shall consist of DLS-user
data whose maximum size is limited to the smaller of
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1) the maximum DLS-user data size permitted for a DLPDU of the priority specified in
7.4.1.1b);

2) the maximum DLSDU size negotiated on the DLC for data transmission to that
DLCEP,

and may be null.

7.4.2 Content of the CA DLPDU

The frame_control field shall he encoded as cpnr‘ifind intahble 7

Eitherlthe DL-addresses shall be
a) two explicit DLSAP-addresses, or
b) pne explicit DLCEP-address, and a second explicit or i
c) pne explicit DLCEP-address, followed by one explici

7.4.2.L Content of the CA DLPDU when specifyi

When|the first DL-address is a DLSAR
a) |f the DLPDU format is format 1L ¢

1) this DLPDU is bej -t e DLE
confirmation;

2) the DL(S:P)- 0
3) the second &

role for that

SAP)-

1) the . etehs ed by
the originating,eDLE guest,

i) theSeontents of this field shall be as described in 8.4.1;

ii)-the DLSDU-priority shall be the priority of the accompanying user data and shall be
the same as the DL PDU-priority specified in 7.4.1.1b);

5) the user data shall be a single DLSDU whose size is limited to the maximum size for
the priority specified in 7.4.1.4a), and shall not be null;

b) no other DLPDU format may be used.

7.4.2.2 Content of the CA DLPDU when specifying a destination DLCEP-address

When the first address is a DLCEP-address, as in 7.4.2b) and 7.4.2c), then
a) this DLPDU can convey a single or partial DLSDU

— from one peer DLCEP to its corresponding peer DLCEP, or
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— from a subscriber DLCEP to its corresponding publisher DLCEP,

shall request state information from the addressed DLCEP, and shall not permit DLS-user
data to be included in the reply DLPDU;

b) the second address, if present,

— shall be the peer DLCEP-address of the same DLC as the destination peer DLCEP-
address, or

— shall he a subscriber DI CEP's calling-DI SAP-address of the same DI C as the desti-

nation publisher DLCEP-address;
c) the SD-parameters field shall specify state information for the add nd the
comtents of this field shall be as described in 8.4.2;
NOTE 1 The size and structure of this field is dependent on the QoS attributes asgocia i DLCEP
addressed by the destination DL-address specified in this DLPDU, any is detefxi estab-
lishment.
d) the user data shall specify those octets of a tiated
DLISDU size and the segmentation informatign SD-
patameters, and may be null.
it|current
NO [.4.2c))
con e used
for ipute is
ORO
Itis a
7.4.3
A CA
a) token
on
b) RC)+1
im ists of
sending.the CANDEPDU that requires an immediate reply, and awaiting a worst-case SR
DL’FDU or worst-case permitted DT reply DLPDU not containing DLS-user data;

c) if the CA DLPDU will be addressed to a DLSAP-address, then the outstanding-
transaction-array, V(OTA) (see 5.7.1.15), searched circularly from the last-transaction-
index, V(LTI) (see 5.7.1.16), has an unassigned entry whose index is not V(LTI).

Once selected, if the CA DLPDU will be addressed to a DLSAP-address, then
— V(LTI) shall be set to the index of that unassigned entry in V(OTA);

— that entry in V(OTA) shall be assigned to the selected CA DLPDU and shall record
information which permits an expected response DT DLPDU to be correlated with the
specific invocation of the unitdata-transfer service which gave rise to the CA DLPDU.
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Once selected, transmission of the CA DLPDU shall be retried until either

1) a permissible immediate reply DLPDU is received, or

2) an impermissible DLPDU is received when an immediate reply was expected, or

3) the original transmission and the permitted maximum number of transmission retries,
V(MRC) (see 5.7.1.5), have all failed to elicit one of the permissible reply DLPDUSs.

If the
DLPD
token
NOT-F

NO
the
cur

Each
sion.

After $

in 6.2

DL

If V(L
permi

7.4.4

Each

DLE holds a delegated token and no additional use of that token after sending this
final-
value

ceived,
aking the

smis-

ipating

an SR DLPDU.

T')Wasa fign\as ibed in c), ar)d if a
5sible reply DEPE , 3 g, ; ; .

A recei

7.4.4.

NO[E(, The next alternative attempts to detect the reception of a duplicated CA DLPDU resulting ffom an
immediate retry by the current token-holding DLE, which itself was probably caused by an error detected during

receipt of the earlier reply DT DLPDU. In such a case the response DT DLPDU is required to be identical to the
first in those fields and subfields which convey DLS-user data and related information.

a)

If

1) the destination DL-address specified by the DLPDU designates an active DLSAP-
address of the receiving DLE, or an active DLCEP-address of a DLC for which the re-
ceiving DLE is peer or publisher;

2) the immediately-prior DLPDU was transmitted as an immediate-response to a received
CA DLPDU whose destination DL-address was the same DLSAP-address or DLCEP-
address;

3) if a source DL-address is present in the just-received CA DLPDU, then it was also
present and identical in that prior received CA DLPDU;
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4) starting with the SD-parameters field, the first three octets of the just-received CA

DLPDU, or the remainder of the DLPDU if fewer than three octets, are identical
corresponding octets of that prior received CA DLPDU;

5) a period of link inactivity of (immediate-response-recovery-delay + 1) slot-
(V(IRRD) + 1) x V(ST) octet-durations, has not occurred since receipt of that pri
ceived CA DLPDU,

then the receiving DLE

b)
a [
DL

i) shall discard the received DLPDU and not forward it to the DLE’s upper-level fun

to the

times,
or re-

ctions

for further processing;

NOTE This requirement is meant to ehsure tha -priofiity, W.And identity of any DLS-ug
conveyed in the immediate reply DT DL 3 1 ediately-prior DT DLPDU s§g
this same DL-address, including the origimator’ an-id I™¢ IS present in the received an
mitted SD-parameters.

—/DT)(see 7.7.1 format 4) in response to CA (see 7.4.1 format 1S),

iod of
pf the

ion to

eceipt

er data
nt from
trans-

nates
to the

hrecog-

slot-
shall
same
at as

and shall include SD-parameters specifying

— the originator’s transaction-id as received in the stimulating CA DLPDU, as specified

in 7.4.2.1a)4);

— reception status for the DLSDU conveyed by that CA DLPDU.

The reply DT DLPDU shall not contain any DLS-user data.

c) If a) does not apply, and the destination DL-address specified by the DLPDU designates

an

active DLCEP-address of a DLC for which the receiving DLE
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— is a peer or publisher, and the DLL priority of the DLCEP is not equal to the priority

specified in the received DLPDU, or

— is a peer, and the length and number of DL-addresses is not as expected or the
DLPDU specifies an explicit source address which is not equal to the remote peer

DLCEP’s DLCEP-address,

then

d)
de
pu

7.4.4.

None.

7.4.4.

1) the received DLPDU shall be forwarded to the DLE’s upper-level functions (see

Q2 2 0\ for further nracessinag:
rETETYY * 14 7

bignates an active DLCEP-address of a DLC fp Wing”DLE is a p
blisher, then

1) the received DLPDU shall
9.2.2.9) for further processing;

ain information about the state of the requ
itted, but is not required, to reflect that state

3) the req@)v
DLCEP. The“ref

1) the nO
upper=tevel

-DLS-yser data portion of the received DLPDU shall be forwarded to the
taefions (see 9.2.2.9) for further processing;

-delay

reply
direc-
| CEP,

If neither a) nor c) applies, and the destination_DL>s . Specified by the DLPDU

Eer or

(see

-delay

reply
direc-
P, but

esting
infor-

ignates

DLE's

Nthe receiving DLE shall record the destination Dl -address from the receiv

d CA

DLPDU in V(RA) for subsequent association with the expected immediate rep
DLPDU, which should be the next DLPDU received;

ly DT

3) the receiving DLE shall monitor the local link for a reply and then act based on the

result of that monitoring, all as specified in 6.2.7.3.

2 Additional actions required of a Link-Master class DLE

3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in 7.1.4.2
also apply to a Bridge class DLE.
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b) If all of the following conditions hold

A) the destination DL-address specified in the DLPDU is one which the bridge should
forward but to which the bridge DLE itself would not otherwise generate an immediate
reply DLPDU,;

B) the immediately-prior DLPDU was transmitted as an immediate-response to a received
CA DLPDU with the same destination DL-address;

C)if a source DL-address is present in the just-received CA DLPDU, then it was also
present and identical in that prior received CA DLPDU;

D) the basic-DLC-parameters portion of the SD-parameters of t d CA

DLPDU is identical to that of that prior received CA DLPDU;

E) a period of link inactivity of immediate-response-reco -time,
(V(IRRD)+1) x V(ST) octet-durations, has not occurred ipr re-
ceived CA DLPDU,
thgn the bridge
1) shall discard the received DLPDU and ng igns for
further processing;
J, un-
NOTE This require i an € S i i i DLPDU
is identical to that in he inme }
Otherwise,
i) If the d i s$hould

octet-

ceived

i) 4 the destination DL-address specified in the DLPDU is one which the bridge s$hould
forward, and the bridge was able to receive and buffer the DLPDU without error, then the
received DLPDU shall be forwarded with modification of the frame-control field in the
forwarded DLPDU as appropriate (see 6.1.1.3).

iii) If the DLPDU contains an explicit source DL-address, then the bridge shall attempt to
update its routing table entry for the source DL-address specified in the DLPDU to reflect
the bridge port from which the DLPDU was received.

c) It is a protocol error for a bridge DLE which will forward the received CA DLPDU to not
send an SR reply DLPDU when a reply is required.

NOTE At most one bridge DLE on the local link should be forwarding the received CA DLPDU.
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7.4.4.4 Additional actions required of the current LAS DLE

The LAS DLE shall act as specified in 6.2.7.2.

7.5 CoMmPEL DATA (CD) DLPDU

A CoMPEL DATA (CD) DLPDU is used to request the transfer (or retransfer) of a limited amount
of transparent user data from another DLS-user to the requesting DLS-user without requiring
that the transaction (request and acknowledgment) occur within the context of a DLC. It is also
used for similar purposes within the context of a DLC, and to assist in the synchronization of
DLCEPs and of their DLS-users. When the CD DLPDU is addressed to a publishing DLCEP,

then the DLS-user data whose transfer is requested will be distributed to all of the subscribers
of the|DLC.

A CD|DLPDU creates and passes a reply token to the addressed rec€ivi whichl upon
reception becomes the dominant token on the link. A CD DLPDU reqQu atg reply
of either a DATA (DT) DLPDU or a STATUS RESPONSE (SR) DLPD ived in

reply,

7.5.1

7.5.1.

The fi

b)

c)

d)

then the transaction is repeated a maximum of V(MRC) tix

Structure of the CD DLPDUs

Table 8 — Structure of D PD

¢ frame tlnatlo o rc
ormat control res arameters
1L 1111 1FPP \H\L N\§ \\HL. \ 0-SD-p
1S 1111 OFPP N.S \S 0-SD-p
N
2L 191\1\1FPP \HL\Q.S\ — 0-SD-p
2s ﬁa{l c):gfv \%S\) N — 0-SD-p

whether or not transmission of the current DLPDU, and either its expected imm

re

ediate

Iy.of the appropriate link-idle timeout, terminates use of a delegated token.

NOTE This field necessarily has the value NOT-FINAL when an immediate retry of the current transaction is
possible. Only a transaction which is guaranteed not to need an immediate retry may have the value FINAL

spe

cified in its associated DLPDU.

7.5.1.2 Address Field

The address field shall consist of either

a) an explicit destination DL-address and an explicit source DL-address, in that order, for
formats 1L and 1s, or

b)

only an explicit destination DL-address, for formats 2L and 2s.
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For formats 1L and 2L, all addresses shall be LONG; for formats 1s and 2s, all addresses shall
be SHORT.

7.5.1.3 Parameters Field

The status-data-parameters (SD-parameters) field specifies information appropriate to the
associated destination DL-address:

a) If that DL-address is a DLSAP-address bound in a responder DL(SAP)-role, then the SD-
parameters specify a transaction-id used by the originating DLE to correlate a delayed
returned reply with the originating request. This field shall be structured and encoded as

d H ol Q. 4.1
egcrioetMo =4I

hation

b) |f that DL-address is a DLCEP-address, then the SD-parameters
thi struc-

for|the addressed DLCEP. This field may be null. When non-nul
turpd and encoded as described in 8.4.2.

DLCEP
tablish-

NO[FE The size and structure of this field is dependent on the QoS €
addressed by the destination DL-address specified in this DLPDU, apd is
ment.

When| the CD DLPDU is sent by the LAS DLE, whig vhile the dominant tokep is a

scheduler token, then this field shall be null.

7.5.1.4 User Data Field

The uper data field shall be null.

7.5.2 |Content of the CD D

The fi ed’in table 8.
Eithen
a)

b) [CEP-

ad
c)

7.5.2.

When| th€ first DL-address is a DLSAP-address as in 7.5.2a), then

a) if the DLPDU format is format 1L or 1s, then
1) this DLPDU is being used to implement the unitdata exchange service;

2) the DL(SAP)-role for the destination DLSAP-address shall be CONSTRAINED
RESPONDER OF UNCONSTRAINED RESPONDER,;

3) the second address shall be present, shall be a DLSAP-address, and the DL(SAP)-
role for that DLSAP-address shall be INITIATOR;

4) the SD-parameters field shall specify a transaction-id used by the originating DLE to
correlate a delayed returned reply with the originating request, where the contents of this
field shall be as described in 8.4.1;
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5) the user data shall be null.
b) no other DLPDU format may be used.

7.5.2.2 Content of the CD DLPDU when specifying a destination DLCEP-address

When the first address is a DLCEP-address, as in 7.5.2b) and 7.5.2c), then

a) this DLPDU shall request state information from the addressed DLCEP, and shall request
that DLS-user data be included in the reply DLPDU;

b) the second address, if present,

| CEP-

— shall be a subscriber DLCEP’s calling-DLSAP-address\of the | Y desti-

c) the SD-parameters field, essed

DLICEP, and the contents of this field shall be as

NOTE 1 The size and structure of this f'Id is de 0 5 i i DLCEP

addressed by the destination DL-addre i i estab-

lishment.
d) the user data shall be null.

NOTE 2 If the user datg
NOJE 3 Formats 1L and 1s'8 5 8l 2 f.5.2c))
compmunications when t i : e used
for |peer-to-peer gnd g ipute is
ORQINARY. @

token

the remaining allpcated duration of token usage, C(RD), permits completion of V(MRC)+1
blied~transactiohs prior to expiration of the token, where each transaction consists of

sending“the CD DLPDU that requires an immediate reply, and awaiting a worst-case SR
DLWWMW i ini = ;

c) if the CD DLPDU will be addressed to a DLSAP-address, then the outstanding-
transaction-array, V(OTA) (see 5.7.1.15), searched circularly from the last-transaction-
index, V(LTI) (see 5.7.1.16), has an unassigned entry whose index is not V(LTI).

Once selected, if the CD DLPDU will be addressed to a DLSAP-address, then
— V(LTI) shall be set to the index of that unassigned entry in V(OTA);

— that entry in V(OTA) shall be assigned to the selected CD DLPDU and shall record
information which permits an expected response DT DLPDU to be correlated with the
specific invocation of the unitdata-exchange service which gave rise to the CD DLPDU.
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Once selected, transmission of the CD DLPDU shall be retried until either
1) a permissible immediate reply DLPDU is received, or
2) an impermissible DLPDU is received when an immediate reply was expected, or

3) the original transmission and the permitted maximum number of transmission retries,
V(MRC) (see 5.7.1.5), have all failed to elicit one of the permissible reply DLPDUSs.

If the DLE holds a delegated token, and no additional use of that token after sending this
DLPDU and a\/\/ai'ring its immediate rpply is needed at that time then the DI E may set the final-
tokentuse subfield of the CD DLPDU to the value FINAL; else that subfield all_have the|value
NOT-F|NAL.

NOJFE The FINAL transaction is necessarily the (V(MRC)+1)'th in a series; otherii ceived,
then another CD DLPDU would have to be sent before the current cycle of tokeR alting the
curfent transaction NOT-FINAL.
Each [explicit DL-address in the CD DLPDU shall be delocafi smis-
sion.
After $ending a CD DLPDU, the sending DLE shall monitert or a reply as specified
in 6.2(7.1. The permissible reply DLPDU is either
— @ DT DLPDU whose destinatior S| icitly or explicitly the origipating

DLISAP-address or DLCEP specified by

—jan SR DLPDU.

If V(L[TI) was as ed
permissible repl

7.5.4

a result of the search described in c), and if a
en the V(LTI)'th entry shall be deassigned.

fom an
during
pticdl to the

a) If

1) the destination DL-address specified by the DLPDU designates an active DLSAP-
address of the receiving DLE, or an active DLCEP-address of a DLC for which the re-
ceiving DLE is peer or publisher;

2) the immediately-prior DLPDU was transmitted as an immediate-response to a received
CD DLPDU whose destination DL-address was the same DLSAP-address or DLCEP-
address;
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3) if a source DL-address is present in the just-received CD DLPDU, then it was also

present and identical in that prior received CD DLPDU;

4) starting with the SD-parameters field, the first three octets of the just-received CD

DLPDU, or the remainder of the DLPDU if fewer than three octets, are identical
corresponding octets of that prior received CD DLPDU;

5) a period of link inactivity of (immediate-response-recovery-delay + 1) slot-
(V(IRRD) + 1) x V(ST) octet-durations, has not occurred since receipt of that pri
ceived CD DLPDU,

to the

times,
or re-

theg

n the receiving DLE

NOTE This requirement is meant tp engurexthat
data conveyed in the i DT DLRBU is I
sent from this same QL-addrd'ss, includiog thewarigigatet’s transaction-id if one is present in the r

b) If a) does neotap [ inationyDL-address specified by the DLPDU desig
al LSAP-ad iving bén the processing of the received DLPDU st
based upon the™DK(SAF ified>for that DLSAP-address.

Ot covered here; such CD DLPDUs are erroneous and are u
The late a reply within a period of maximum-response-delay
time gctet-durations, of receipt of the CD DLPDU:

explicit destination DL-address in the DT DLPDU having the same value as the 3
DE~address of the received CD DLPDU, and length and format as follows:

ctions

iod of
pf the

ion to

eceipt

| S-user
DLPDU
bceived

nates
all be

hrecog-

slot-

th any
ource

— DT (see 7.7.1 format 2L) in response to CD (see 7.5.1 format 1L);

— DT (see 7.7.1 format 2S) in response to CD (see 7.5.1 format 1S) if the DT D
contains DLS-user data, or

— DT (see 7.7.1 format 4) in response to CD (see 7.5.1 format 1S) if the DT D
does not contain DLS-user data,

and shall include SD-parameters specifying

— the originator’s transaction-id as received in the stimulating CD DLPDU, as
fied in 7.5.2.1a)4);

LPDU

LPDU

speci-
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— status for the DLSDU requested by that CD DLPDU.

The reply DT DLPDU may include a DLSDU which was already buffered at that respond-
ing DLE at the time of CD reception.

NOTE This restriction prohibits the reply DLPDU from reflecting any higher-layer (than DLL) processing
of the received DLSDU. This restriction is necessary to enable migration from prior national standards.

If the DL(SAP)-role of the destination DLSAP-address specified

i) BASIC Or INITIATOR, then the DLE shall reject the received CD DLPDU based on this

DL(SAP)-role —and-an-appropriate error statuswithout-an-accompanving-DLSDU shall
\ 7 7 Ll L L J J

be included in the reply DT DLPDU;

high-

1.1b),
set to
e the

ly DT

ly DT
ly DT

LSAP
eiving
, then

error
DU.

2)/1f\the DLE cannot prepare the required reply DT DLPDU in time, then the DLH shall
send a DT DLPDU with any explicit destination DL-address in the DT DLPDU having the
same value as the source DL-address of the received CD DLPDU, and length and format
as follows:

— DT (see 7.7.1 format 2L) in response to CD (see 7.5.1 format 1L), or
— DT (see 7.7.1 format 4) in response to CD (see 7.5.1 format 1S),
and shall include SD-parameters

— with a transaction-id identical to the transaction-id from the received CD DLPDU, as
specified in 7.5.2.1a)4);


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

61158-4 © IEC:1999 — 105 -

— with a status (DR — “delayed reply”) indicating that the DLE requires additional

time to prepare the required response;
— with a null user data field,
and the DLE

— shall prepare that DT DLPDU as specified in 1) as soon as possible;

— shall include an explicit destination address in the reply DT DLPD
— shall append that reply DT DLPDU to the DLE’s Q(US) to b€ chat the first
opportunity.
c) [f a) does not apply, and the destination DL-address spe¢ . e designates
anlactive DLCEP-address of a DLC for which the receivi
ot equal to the priority
not as expected or the
equal to the remotd peer
thg
o the DLE’s upper-level functiony (see
2) the rec eply within a period of maximum-responsetdelay
slot-times, rations, of receipt of the CD DLPDU. The| reply
e format negotiated for the DLC for the selected |direc-
Ontain SD-parameters appropriate to the sending DLCEP,
d) pplies, and the destination DL-address specified by the DLPDU
designa DY CEP-address of a DLC for which the receiving DLE is a pger or
publisher, then
1)/the’ received DLPDU shall be forwarded to the DLE’s upper-level functiony (see
9:2v2.9) for further processing;
2) the receiving DLE shall initiate a reply within a period of maximum-response-delay
slot-times, V(MRD) x V(ST) octet-durations, of receipt of the CD DLPDU. The reply
DLPDU shall be a DT DLPDU in the format negotiated for the DLC for the selected direc-

tion of transmission, shall contain SD-parameters appropriate to the sending DLCEP, and
shall contain DLS-user data if any was available and waiting for transmission or retrans-

mission from the DLCEP;

NOTE Migration from prior national standards requires that this data always be included when available.

3) The requesting CD DLPDU may contain information about the state of the requ
DLCEP. The reply DT DLPDU is permitted, but is not required, to reflect that state

esting
infor-

mation in its reply; immediate processing of that state information before sending the

immediate reply shall be permitted but shall not be required.
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e) If a) does not apply, and the destination DL-address specified by the DLPDU designates
an active DLCEP-address of a DLC for which the receiving DLE is a subscriber, then

1) the non-DLS-user data portion of the received DLPDU shall be forwarded to the DLE’s
upper-level functions (see 9.2.2.9) for further processing;

2) the receiving DLE shall record the destination DL-address from the received CD
DLPDU in V(RA) for subsequent association with the expected immediate reply DT
DLPDU, which should be the next DLPDU received,;

3) the receiving DLE shall monitor the local link for a reply and then act based on the
result of that monitoring, all as specified in 6.2.7.3.

7.5.4.p Additional actions required of a Link-Master class DLE

None.

7.5.4.B Additional actions required of a Bridge class DLE

pability pecified in 1.5.4.2

a) [Since every Bridge class DLE has Link Master ca
alsp apply to a Bridge class DLE.

b) [If all of the following conditions hold

should
pdiate

A) the destination DL-address specifi
forward but to which the bridge
reply DLPDU;

B) the immediately pxjor Y ity eived

C)if a so 5 also

present a

D) the bast
DLPDU jis\d

E) A perfed i limes,
(V(IRRD \ or re-
ceived

thgn the_bridge

1) shall discard the received DLPDU and not forward it to the bridge’s other functions for
further processing;

2) shall initiate retransmission of the prior-transmitted immediate-reply SR DLPDU, un-
changed from the prior transmission.

NOTE This requirement is meant to ensure that any status conveyed in the immediate reply SR DLPDU
is identical to that in the immediately prior SR DLPDU.

Otherwise
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i) If the destination DL-address specified in the DLPDU is one which the bridge should
forward but which the bridge DLE itself would not otherwise receive, then the bridge shall
form and send an SR DLPDU,

— within a period of maximum-response-delay slot-times, V(MRD) x V(ST) octet-
durations, of receipt of the CD DLPDU;

— with status indicating whether or not the bridge was able to buffer the received
DLPDU.

c)

NO

7.5.4.

The L

7.6 E

An EX

a)
DL

b)
thg

it-the—destination-bladdress—specifiedirthe-bBERBU-is—ere—which—the—bridge—should
forward, and the bridge was able to receive and buffer the DLPDU wjthout_error, then the
received DLPDU shall be forwarded with modification of the framg 3] field [in the

forwarded DLPDU as appropriate (see 6.1.1.3).

iii) If the DLPDU contains an explicit source DL-address, the Drid§ 'alMattempt to
update its routing table entry for the source DL-address s S ) eflect
the bridge port from which the DLPDU was received.

to not

esting

L from

witho
a DL

synchyonization
publishing~DLCEP,

to all

5 ext of

3 similar purposes within the context of a DLC, and to assist |in the
EPs and of their DLS-users. When the ED DLPDU is addressefl to a
Hen the DLS-user data whose transfer is requested in b) will be distrjbuted
fdhe“subscribers of the DLC.

An ED DLPDU creates and passes a reply token to the addressed receiving DLE, which upon
reception becomes the dominant token on the link. An ED DLPDU requires an immediate reply
of either a DATA (DT) DLPDU or a STATUS RESPONSE (SR) DLPDU. If no DLPDU is received in

reply,

then the transaction is repeated a maximum of V(MRC) times.
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7.6.1 Structure of the ED DLPDUs

Table 9 — Structure of ED DLPDUs

format frame destination source parameters user data
control address address

1L 1100 1FPP HL.N.S HL.N.S SD-p pDLSDU

1S 1100 OFPP N.S N.S SD-p pDLSDU

2L 1000 1FPP HL.N.S — SD-p pDLSDU

2S 1000 OFPP N.S — SD-p pDLSDU

7.6.1.l Frame control field

The flame control field shall specify
a) the DLPDU'’s function, including that an immediate repl

b) the transaction’s priority, and the DLPDU’s implie i ¢ idden by
7.9.1.3a)2);

c) the length, number and type of D

d) whether or not transmission of the
regly or the appropriate link-idle tim

ind either its expected immEgdiate
bse of a delegated token.

NOfFE This field necessarll A en a i ction is
possible. Only a transacti i i B FINAL

7.6.1.p Address figld
The afddress fieI@

a) n explicit destins ici - L er, for

b) bn

For farmats 1rand 2L\ all addresses shall be LONG; for formats 1s and 2s, all addresses shall

be SHPRT.

7.6.1.B "\Parameters field

The status-data-parameters (SD-parameters) field specifies information appropriate to the
associated destination DL-address:

a) If that DL-address is a DLSAP-address bound in a responder DL(SAP)-role, then the SD-
parameters specify

1) a transaction-id used by the originating DLE to correlate a delayed returned reply with
the originating request;

2) a DLSDU-priority used to convey the actual priority of the accompanying DLSDU to the
responding DLE.
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Th

is field shall be structured and encoded as described in 8.4.1.

b) If that DL-address is a DLCEP-address, then the SD-parameters specify state information
for the addressed DLCEP. This field shall be structured and encoded as described in 8.4.2.

7.6.1.

The u

NOTE The size and structure of this field is dependent on the QoS attributes associated with the

DLCEP

addressed by the destination DL-address specified in this DLPDU, and is determined during DLCEP estab-

lishment.

4 User data field

ser data field size and content are limited by the associated destination DIl -address:

maximum size is Iimited to the smaller of

an

7.6.2

a)
b)
c)

7.6.2.

When

a)

.6.2 |Content 01<}E
The flame control field

Eithen

1) the maximum DLS-user data gi¢
7.6.1.1b);

2) the maximum DLSDU size
DLCEP,

| shall not be null

gs specified in table 9.

poneExplicit DLCEP-address, followed by one explicit or implicit DLSAP-address.

5-user
sizes
not be

br the

whose

ified in

b that

content of the ED DLPDU when specitying a destination DLSAP-address

the first DL-address is a DLSAP-address as in 7.6.2a), then
if the DLPDU format is format 1L or 1S, then

1) this DLPDU is being used to implement the unitdata exchange service;

2) the DL(SAP)-role for the destination DLSAP-address shall be CONSTRAINED

RESPONDER O UNCONSTRAINED RESPONDER;

3) the second address shall be present, shall be a DLSAP-address, and the DL(
role for that DLSAP-address shall be INITIATOR;

SAP)-
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4) the SD-parameters field shall specify a DLSDU-priority and a transaction-id used by
the originating DLE to correlate a delayed returned reply with the originating request,
where the contents of this field shall be as described in 8.4.1, and the DLSDU-priority
shall be the priority of the accompanying user data and shall be the same as specified in
7.6.1.3a)2) and shall be as least as high as the DLPDU priority specified in 7.6.1.1b);

5) the user data shall be a single DLSDU whose size is limited to the maximum size for
the priority specified in 7.6.1.4a), and shall not be null.

b) no other DLPDU format may be used.

7.6.2.p Content of the ED DLPDU when specifying a destination DLCEP-adc

When|the first address is a DLCEP-address, as in 7.6.2b) and 7.6.2c¢), th
a) this DLPDU can convey a single or partial DLSDU
— from one peer DLCEP to its corresponding peer DLCE

shall request state information from the addre b-user

data be included in the reply DLPDUsand
b) the second address, if present,

— shall be the peer | CEP-

address, or

— shall be a subsckibe i desti-

nation publis\’/her

c) the SD-parame nd the

NOTE 1 DLCEP
addressa R i estab-

d) the user data\shall/specify those octets of a DLSDU consistent with the negqtiated
DLISDU size~xand \the segmentation information specified in the accompanying SD-
parameters, and>shall not be null.

NOTE 2 If the user data field is null, then a CD DLPDU (see 7.5) should be used instead.

NOTE 3 Formats 1L and 1s are used for peer-to-peer (see 7.6.2b) and subscriber-to-publisher (see 7.6.2c))
communications when the DLPDU-authentication attribute is SOURCE or MAXIMAL. Formats 2L and 2s are used
for peer-to-peer and subscriber-to-publisher communications when the DLPDU-authentication attribute is
ORDINARY.

7.6.3 Sending the ED DLPDU

An ED DLPDU may be selected for transmission on the link when

a) the sending DLE holds a scheduler token or delegated token which is the dominant token
on the local link;
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b) the remaining allocated duration of token usage, C(RD), permits completion of V(MRC)+1
implied transactions prior to expiration of the token, where each transaction consists of
sending the ED DLPDU that requires an immediate reply, and awaiting a worst-case SR
DLPDU or worst-case permitted DT reply DLPDU not containing DLS-user data;

c) if the ED DLPDU will be addressed to a DLSAP-address, then the outstanding-
transaction-array, V(OTA) (see 5.7.1.15), searched circularly from the last-transaction-
index, V(LTI) (see 5.7.1.16), has an unassigned entry whose index is not V(LTI).

Once selected, if the ED DLPDU will be addressed to a DLSAP-address, then

— M(LTI) shall be set to the index of that unassigned entry in V(OTA);

ecord
yith the

— that entry in V(OTA) shall be assigned to the selected ED
information which permits an expected response DT DLPDU
Once
1)
2)

3) btries,

V()

If the use of that token after sending this
DLPDU and awaiting its irm de at time, then the DLE may set thq final-
tokentuse subfield of the ED\DLP value FINAL; else that subfield shall have the|value
NOT-F|NAL.
NOTE The FIN { i RC)+1)'th in a series; otherwise, if a reply is not regceived,
thep another ED DVPD 8 to-be sent before the current cycle of token use was completed, maKing the

curfent transaction NQ

Each icit 2 S 3 DLPDU shall be delocalized (see 6.2.2) before trapsmis-
sion.
Aft Q@ ED DhPDU, the sending DLE shall monitor the local link for a reply as

specified iRH2:7.1. Thé permissible reply DLPDU is either

— DT DLPDU whose destination DL-address is implicitly or explicitly the origipating
DLISAP+address or DLCEP specified by the ED DLPDU, or

— a DT DLPDU without a destination DL-address, or
— an SR DLPDU.

If V(LTI) was assigned to the transaction, as a result of the search described in c), and if a
permissible reply DLPDU was not received, then the V(LTI)’th entry shall be deassigned.

7.6.4 Receiving the ED DLPDU

Each DL-address in the DLPDU shall be delocalized (see 6.2.2) upon reception.

A received ED DLPDU shall be treated as follows by the receiving DLE.
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7.6.4.1 Actions required of all DLEs

NOTE The next alternative attempts to detect the reception of a duplicated ED DLPDU resulting from an
immediate retry by the current token-holding DLE, which itself was probably caused by an error detected during
receipt of the earlier reply DT DLPDU. In such a case the response DT DLPDU is required to be identical to the
first in those fields and subfields which convey DLS-user data and related information.

a) If
1) the destination DL-address specified by the DLPDU designates an active DLSAP-

address of the receiving DLE, or an active DLCEP-address of a DLC for which the re-
ceiving DLE is peer or publisher;

2) the immediately-prior DLPDU was transmitted as an immediate-regponse to a.ré¢eived
ED DLPDU whose destination DL-address was the same DLSARjaddress ©f~DLCEP-

address;
5 also
just-received ED
to the
5) a period of link inactivity i ‘ 2 limes,
(V(IRRD) + 1) x V(ST) octet-durationsy hs ) 5 or re-

ceived ED DLPDU,
thgn the receiving DLE

ctions

m the

ion to

eceipt

NOTE-\This requirement is meant to ensure that the DL-priority, content and identity of any DLS-uder data
conveyed in the immediate reply DT DLPDU is identical to that in the immediately-prior DT DLPDU sgnt from
this_same DL-address, including the originator’s transaction-id if one is present in the received and trans-

HOPR I Y = £
et oo PparameteTsST

b) If a) does not apply, and the destination DL-address specified by the DLPDU designates
a DLSAP-address of the receiving DLE, then the processing of the received DLPDU shall be
based upon the DL(SAP)-role specified for that DLSAP-address.

NOTE 1 Group DL-addresses are not covered here; such ED DLPDUs are erroneous and are unrecognized
upon receipt.

The receiving DLE shall initiate a reply within a period of maximum-response-delay slot-
times, V(MRD) x V(ST) octet-durations, of receipt of the ED DLPDU:

1) If the DLE can prepare it in time, then the reply DLPDU shall be a DT DLPDU
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— with any explicit destination DL-address in the DT DLPDU having the same value
as the source DL-address of the received ED DLPDU, and length and format as fol-
lows:

* DT (see 7.7.1 format 2L) in response to ED (see 7.6.1 format 1L), or

* DT (see 7.7.1 format 2S) in response to ED (see 7.6.1 format 1S) if the DT
DLPDU contains DLS-user data, or

« DT (see 7.7.1 format 4) in response to ED (see 7.6.1 format 1S) if the DT
PBY

B

Th

! 4 P PG Lod
uucsS 1ot Luriaint Lo=uscl uala,

and shall include SD-parameters specifying

8 speci-

— reception error status for that ED-conveyed Itb I i could
not be buffered or queued; otherwise status S C at ED
DLPDU.

b received DLSDU shall be forwa 3) for

further processing.
If the received DLSDU was buffered or queues ) may
inc pf ED

redg

ocess-
hl stan-

n this
status

A)if noreceiving buffer or queue is explicitly bound to the destination DLSAP-
address at the DLL priority of the received DLSDU, or if a receiving queue |is ex-

plicitly bound but is full, then the received DLSDU shall be discarded, and an ap-
—t—t_t_m_t—D'ESD'U_rTn'm_&propna € error status without an accompanying Shall be included in the re-

ply DT DLPDU; or

B) otherwise the received DLSDU shall be put into that buffer or appended to that
not-full gueue and the SD-parameter status shall indicate the highest DLL priority
sending buffer with a non-null DLSDU which was available at the addressed
DLSAP at the time of reception of the ED DLPDU, and

I) if that DLL priority is greater than or equal to the priority specified in
7.6.1.1b), then that DLSDU shall be included in the reply DT DLPDU and its
buffer set to empty if so configured, and the DLL priority of that reply DT DLPDU
shall be the DLL priority of the conveyed DLSDU;
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I1) if that DLL priority is less than the priority specified in 7.6.1.1b), then no
DLSDU shall be included in the reply DT DLPDU, and the DLL priority of that re-
ply DT DLPDU shall be the DLL priority specified in 7.6.1.1b); or

1) if there is no such sending buffer with a non-null DLSDU, then the reply DT
DLPDU shall specify an appropriate error status, the DLL priority of that reply
DT DLPDU shall be the DLL priority specified in 7.6.1.1b), and that reply DT
DLPDU shall not contain DLS-user data.

iii) CONSTRAINED RESPONDER, then

A) if the source DLSAP-address of the ED DLPDU is equal to-the LSAP
address which was specified in the prior DL-BIND request prim|tive forthe tegeiving
DLSAP-address (or its DL-management equivalent), both ion, then

the procedure specified in ii) shall be followed; or

B) otherwise, the received DLSDU shall be disca
status without an accompanying DLSDU shall be-i

error
DU.

shall
g the
ormat

U, as

— with NSs
specifie

itional

- shall prepare that required DT DLPDU as soon as possible, as just described;

— shall include an explicit destination address in the reply DLPDU;

— shall append that reply DLPDU to the DLE’s Q(US) to be transmitted at the first op-
portunity.

c) If a) does not apply, and the destination DL-address specified by the DLPDU designates
an active DLCEP-address of a DLC for which the receiving DLE

— is a peer or publisher, and the DLL priority of the DLCEP is not equal to the priority
specified in the received DLPDU; or
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— is a peer, and the length and number of DL-addresses is not as expected or the
DLPDU specifies an explicit source address which is not equal to the remote peer
DLCEP’s DLCEP-address,

then

1) the received DLPDU shall be forwarded to the DLE’'s upper-level functions (see
9.2.2.9) for further processing;

2) the receiving DLE shall initiate a reply within a period of maximum-response-delay
lot timac AVZ/A V. InIn\Y NLST\ actat diratinnc of rocaoint of tha CcNHD NI DNOLI IThao reply
tot-timesWHMRDB - WUSH—eetet-durations,—ef+eceipt—ot—the—GB-—BLRBU—Fhe 1
a.selected|direc-
* | CEP,

[~

DLPDU shall be a DT DLPDU in the format negotiated for the DLC fq
tion of transmission, and shall contain SD-parameters appropriate 1
but shall not contain DLS-user data.

d) |f neither a) nor b) applies, and the destination DL-addpe
desgignates an active DLCEP-address of a DLC for which
publisher, then

1) the received DLPDU shall be forwarded tp” the "RLE 8 (see

-delay
X reply
DLPDU shall be a DT DLPDU in th 3 i aVg direc-
tion of transmission, shall contai 9 P, and
shall contain DLS-user data, if a

—can reply

delay;

y contain information about the state of the requsting
permitted, but is not required, to reflect that state|infor-

DY shall be forwarded to the DLE’s upper-level functions (see 942.2.9)

e) If @) does not apply, and the destination DL-address specified by the DLPDU designates
anlactive DI CEP-address of a DI.C for which the receiving DLE is a subscriber, then

1) the non-DLS-user data portion of the received DLPDU shall be forwarded to the DLE’s
upper-level functions (see 9.2.2.9) for further processing;

2) the receiving DLE shall record the destination DL-address from the received ED
DLPDU in V(RA) for subsequent association with the expected immediate reply DT
DLPDU, which should be the next DLPDU received,;

3) the receiving DLE shall monitor the local link for a reply and then act based on the
result of that monitoring, all as specified in 6.2.7.3.
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7.6.4.2 Additional actions required of a Link-Master class DLE

None.

7.6.4.3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in 7.6.4.2
also apply to a Bridge class DLE.

b)

If all of the following conditions hold

the

A) the destination DL-address specified in the DLPDU is one which—the bridge)g
forward but to which the bridge DLE itself would not otherwise generate™an-imm
reply DLPDU;

B) the immediately-prior DLPDU was transmitted as an im
ED DLPDU with the same destination DL-address;

E) a period of link inactivity of im 3 ecovery-delay plus one slot
(V(IRRD)+1) x V(ST) octet-duratjons, has surred since receipt of that pri
ceived ED DLPDU,

n the bridge

1) shall disgaxd the recel
further pro '

i) if.the destination DL-address specified in the DLPDU is one which the bridge §
forward but which the bridge DLE itself would not otherwise receive, then the bridgé

hould
pdiate

teived

5 also

d ED

-time,

pr re-

ns for

J, un-

DLPDU

hould
e shall

orm ana send an sk DLFDU

— within a period of maximum-response-delay slot-times, V(MRD) x V(ST)
durations, of receipt of the ED DLPDU;

octet-

— with status indicating whether or not the bridge was able to buffer the received

DLPDU.

ii) if the destination DL-address specified in the DLPDU is one which the bridge should
forward, and the bridge was able to receive and buffer the DLPDU without error, then the

received DLPDU shall be forwarded with modification of the frame-control field
forwarded DLPDU as appropriate (see 6.1.1.3).

in the
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iii) if the DLPDU contains an explicit source DL-address, then the bridge shall attempt to
update its routing table entry for the source DL-address specified in the DLPDU to reflect

the bridge port from which the DLPDU was received.

c) It is a protocol error for a bridge DLE which will forward the received ED DLPDU not to

send an SR reply DLPDU when a reply is required.

NOTE At most one bridge DLE on the local link should be forwarding the received ED DLPDU.

7.6.4.4 Additional actions required of the current LAS DLE

Th., LAS DLE bila“ dbt asS apcbificd ill 6272
7.7 DATA (DT) DLPDU
A DATA (DT) DLPDU is used to transfer a limited amount of transpare

DLS-yser to one or more other DLS-users; to acknowledge the
assist|in the synchronization of DLCEPs and of DLS-users.

It is aJso used by a responding DLE when replying to a
the time permitted by V(ST) and V(MRD) (see 5.7.1.1 &
generpte the required response to the received DLPD

It is also used by a DLE to send an SP,

7.7.1 |Structure of the DT DLPDUs

Table 10

/TN Q\
¢ ¢ frame \stﬁestinatio sou d
orma con?}ﬂ\ adress address parameters user data

1L /.[\Ql &{PP HL.N»Q > HL.N.S SD-p 0-pDLSDU

1S W}A@QDA \Nx§ \ N.S SD-p 0-pDLSDU

2L 00 1F§F\ \ﬁ'ﬁ\hh) — SD-p 0-pDLSDU

2S \9\00}\0 P \N/é — SD-p o-pDLSDU

3|_§ \OJQ:L\ES\PP > HL.N.S SD-p 0-pDLSDU

~N
3\N B0t OFP\ N.S SD-p 0-pDLSDU

103{31500/ [PSA] — SD-p 0-pDLSDU
5 WFOO [PDA] SD-p 0-pDLSDU
Key
tPEATH s thedestmatiom Bt=addressfromthe-mmedtatety=-prior €A €bor £ED-btPBY

[PSA] is the implied source DL-address from the immediately-prior CA, CD or ED DLPDU

7.7.1.1 Frame control field

The frame control field shall specify
a) the DLPDU'’s function;
b) the DLPDU's priority;

c¢) the length, number and type of DLPDU addresses;
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d) whether or not transmission of the current DLPDU terminates use of a delegated token.

7.7.1.2 Address field

The address field shall consist of either

a) an explicit destination DL-address and an explicit source DL-address, in that order, for

formats 1L and 1s,

b) only an explicit destination DL-address, for formats 2L and 2s,

¢) pnly an explicit source DL-address, for formats 3L and 3s,
d) pnly an implied destination DL-address, for format 4, or

e) pnly an implied source DL-address, for format 5.
addrepses shall be sHORT; for formats 4 and 5 all addre
(that i, implicit).

7.7.1.B Parameters field

When| the destination DL-address e
paranjeters (SD-parameters) field is null

When| the first Pl -ad
paranjeters fielcies s
DL-address (formats

in 8.4|2. The size S

the aqdressed DIKC

7.7.1.4 User\data fie

The user

7.7.84b);

3, 2S and 3s, all
ORT (see 6J2.1.1)

iescaNgroup /DL-address, the status-data-

When| the destination DL- i Qr IR specifies a DLSAP-address, the
SD-parameters field specifies\a tr, ion-dcand status (formats 2L, 2s, 4), or is null (fgrmats

Qr implicitly specifies a DLCEP-address, the SD-

orf for the DLCEP addressed by the destipation
orsource DL-address (formats 3L, 3s, 5), as desgribed
i€ld is dependent on the QoS attributes associate[d with
ed during DLCEP establishment.

hall consist of a single or partial optional DLSDU whose maximum size is

a) the (maximum DLS-user data size permitted for a DLPDU of the priority specii[ed in

b) when the DLPDU’s explicit or implied destination (or source) address is a DLCEP-
address, the maximum DLSDU size negotiated on the DLC for this direction of data trans-

mission to (or from) that DLCEP.

7.7.2 Content of the DT DLPDU

The frame control field shall be encoded as specified in table 10.
Either the DL-addresses shall be

a) the first a group DL-address and the second a DLSAP-address,
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b)
c)
d)

7.7.2.

When

a)

b)

When

d)

all DLSAP-addresses,
all DLCEP-addresses, or
the first a DLCEP-address and the second a DLSAP-address.

1 Content of the DT DLPDU when specifying a destination DL(SAP)-address

the first address is a group DL-address as in 7.7.2a), then

Hthe DtPBDUformmat s formmattrortsthen

ited t0 the maximum s

the priority specified in 7.7.1.1b), and shall not be null.

fthe DI PDU format is format 21, 2s or 4, then

ze for

ze for

1) this DLPDU conveys an acknowledgment or reply as part of the unitdata transfer (with

remote-DLE-confirmation) service, or the unitdata exchange service;

2) the DL(SAP)-role for the destination DLSAP-address shall be BASIC or INITIATOR;

3) the DL(SAP)-role for the implicit source DLSAP-address is BASIC or CONSTRAINED

RESPONDER O UNCONSTRAINED RESPONDER;

4) the SD-parameters field shall specify a transaction-id and reply status for the ad-

dressed DLSAP, and the contents of this field shall be as described in 8.4.1;
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5) the user data either shall be a single DLSDU whose size is limited to the maximum
size for the priority specified in 7.7.1.1b), or shall be null, as follows:

— formats 2L may be null or non-null;
— format 2s shall always be non-null;
— format 4 shall always be null.

e) No other DLPDU format may be used.

7.7.2.p Content of the DT DLPDU when specifying a destination or source
addreps

When|the first address is a DLCEP-address, as in 7.7.2c) and 7.7.2
a) this DLPDU can convey a single or partial DLSDU

— from one peer DLCEP to its corresponding peeg

and
b)
— shall be the e same DLC as the destination DILCEP-
address, or
alling-DLSAP-address
c) : pecify state information for the addressed DLCEP, apd the
comtents df thi s described in 8.4.2;

iZg.and stiycture of this field is dependent on the QoS attributes associated with the DLCEP
estingtion DL-address specified in this DLPDU, and is determined during DLCEH estab-

d) the (user data“shall specify those octets of a DLSDU consistent with the negaqtiated
DLSDU size and the segmentation information specified in the accompanying SD-

+ &l 12N Ll
pa alricitlo, arftuimay v 1iurl.

NOTE 1 Formats 1L, 2L, 1s and 2s are used for peer-to-peer and subscriber-to-publisher communications; 1L
is used when the DLPDU-authentication attribute is SOURCE or MAXIMAL, 1S is used when the DLPDU-
authentication attribute is SOURCE, 2L and 2s are used when the DLPDU-authentication attribute is ORDINARY.

Format 3L is used for publisher-to-subscriber communications when the DLPDU-authentication attribute is
MAXIMAL. Formats 3L and 3s are used for publisher-to-subscriber communications when the DLPDU-
authentication attribute is ORDINARY Or SOURCE.

The specific format to be used (of formats 1L to 3s) is determined as part of DLCEP establishment.

NOTE 2 Formats 4 and 5 can be used instead of formats 2s and 3s, respectively, only when the sending DLE
holds a reply token and when the DLPDU-authentication attribute is ORDINARY.
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7.7.3

A DT

Sending the DT DLPDU

DLPDU may be selected for transmission on the link when the sending DLE

a) has just received a reply token in a CA, CD or ED DLPDU, permitting a single transmis-
sion of a DT or SR DLPDU; or

b) holds a scheduler token or delegated token which is the dominant token on the local link,
and when the remaining allocated duration of token usage, C(RD), permits completion of the
DT DLPDU'’s transmission prior to expiration of the token.

Each

7.7.3.

a)
DL

an

at

b)
ad

an
DT

When
the rdg
slot-ti

explicit DL-address in the DLPDU shall be delocalized (see 6.2.2) bef

I Transmission when the reply token is dominant

A DT DLPDU may be sent on the link when the sending DLE
PDU addressed

— to one of its active DLSAP-addresses, or

atd reply a DT DLPDU which may include

NOTE This restriction prohibits th DLPD 9
ceived DLSDU. This restriction is nec ssanab B migration from prior national standards.

A DT DLPDU may
iressed

— to one(@

mes, V(MRD) x V(ST) octet-durations, of receipt of the requesting CA, CD or ED DI

or ED

medi-
ueued

the re-

, then
-delay
LPDU.

If the CA, CD or ED DLPDU which required the reply was addressed to a DLCEP, then that CA,
CD or ED DLPDU may have contained SD-parameters which conveyed information about the
state of the sending DLCEP to the receiving DLCEP. The receiving DLE is permitted, but is not
required, to reflect that state information in its reply DT DLPDU; immediate processing of that
state information before sending the immediate reply shall be permitted but shall not be

requir

ed.

The final-token-use subfield of the reply DT DLPDU shall have the same value as that in the
requesting CA, CD or ED DLPDU.

Each explicit DL-address in the reply DT DLPDU shall be delocalized (see 6.2.2) before
transmission.
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It is a protocol error for the addressed DLE not to send a DT reply DLPDU when a reply is
required.

NOTE At most one DLE on the local link should be sending a reply to the received CA, CD or ED DLPDU. That

repl

y may be either a DT or SR DLPDU.

7.7.3.2 Transmission when the delegated token is dominant

A DT DLPDU may be sent on the link when the sending DLE holds a delegated token which is
the dominant token on the local link, and when the remaining allocated duration of token
usage, C(RD), permits completion of the DLPDU'’s transmission prior to expiration of the token.

If no 1dditional use of that token after sending this DLPDU is needed at tha

e, thenthe DLE

may get the final-token-use subfield of the DT DLPDU to the value FINA e_thatysybfield
shall lhave the value NOT-FINAL.
Each pxplicit DL-address in the DLPDU shall be delocalized (see 6.2} ; sipn.
7.7.3.B Transmission when the scheduler token is dominan
The LAS DLE may send a DT DLPDU on the link when both.t ion of
token| usage before the next scheduled activity, 3 on of
scheduler token usage for link maintenance, whigh ig s the
amouft of link capacity used for link maintenanfe \duri ent cycle of “circulatipg the
token i i i
Each DN.
7.7.4
Each
A recgived DT D@U shall bebtre
7.7.4
7.7.4.

a) nates

If the-Teceived DLPDU has format 2L or 2s, and its destination DL-address desig
DLSAP-address of the receiving DLE, and the transaction-id reported by the

nates
b SD-

pa

ameéters indexes an assigned transaction in the outstanding-transaction-array, V

OTA)

(see 5.7.1.15), then

— the DLE shall consider the prior transmission to have been error-free;

— the information in the indexed entry in V(OTA) shall be associated with the received

DT DLPDU;

— the received DT DLPDU and that associated information shall be forwarded to the

DLE’s upper-level functions (see 9.3) for further processing;

— the indexed entry in V(OTA) shall be unassigned.
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c)

If the received DT DLPDU

1) has format 1L, 1s, 2L or 2s, and its destination DL-address designates a DLCEP-

address designating a peer or publisher DLCEP of the receiving DLE; or

2) has format 3L or 3s, and its source DL-address designates a DLCEP-address desig-

nating a subscriber DLCEP of the receiving DLE,

then the received DLPDU shall be forwarded to the DLE’s upper-level functions (se
for further processing.

e 9.2)

d)

NO
DL
ess

e)

DL

7.7.4.
the re

a)

thg

If the received DT DLPDU has format 1L or 1S, and its destination DL/address desig
DE.O DL-address, V(TN).O, of the receiving DLE’s DL-support functiogs, then\there

1.2 Actions required when the reply token
ceiving DLE sent the CA, CD or

If the received DT DLPDU

— has format 2L or 2s, and its
the receiving DLE; oy,

— has format 4,[a
DLPDU was a D

NOTE The DLE should expect to receive another DT DLPDU at a later time, with the same des
DL-address and format, as a delayed reply.

nates
ceived
proc-

local

pss of

or ED

has a

fination

2) If 1) does not apply, then

— the DLE shall consider the prior transmission to have been error-free;

— the information in the V(LTI)’th entry in V(OTA) (see 5.7.1.16 and 5.7.1.15) shall be

associated with the received DT DLPDU;

— the received DT DLPDU and that associated information shall be forwarded
DLE’s upper-level functions (see 9.3) for further processing;

— the V(LTI)’th entry in V(OTA) shall be deassigned.

to the
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b) If the received DT DLPDU has format 1L, 1s, 2L or 2s, and its destination DL-address
designates a DLCEP-address of a peer DLCEP of the receiving DLE, then

— the DLE shall consider the prior transmission to have been error-free;

— the received DT DLPDU shall be forwarded to the DLE’s upper-level functions (see
9.2) for further processing.

c) If the received DT DLPDU has format 4, and the explicit or implicit source DL-address
from the immediately-prior CA, CD or ED DLPDU was a DLCEP-address of a peer DLCEP

of thereceiving DLE then

— the DLE shall consider the prior transmission to have been errorffee;

— the received DT DLPDU shall be forwarded to the DLE’s \uppemleveK functions (see

9.2) for further processing, with its implied destination D p to be

the explicit or implicit source DL-address from that imkpedi i br ED

DLPDU.
d) [If the received DT DLPDU has format 3L or 3s, and its e DL-address designatgs the
publisher's DLCEP-address of a subscriber DLCEP ing/DLE, and this gource
DLtaddress is equal to the destination DL-addre® immediately-prior CA, CD|or ED
DLPDU, then

— the DLE shall consider the prior ixs been error-free;

— the received DT DLPDU shall\be othe DLE’s upper-level function$ (see

e) [f the received D v , ard the explicit destination DL-address frgm the
immediately-pyiox CA ’ s a DLCEP-address of a subscriber DLJQEP of
thg receiving 4

— the DLE
— the tecelve LPDY shall be forwarded to the DLE’s upper-level function$ (see
9.2 urther progessivig, with its implied source DLCEP-address assumed to be the

i ion D\-address from that immediately-prior CA, CD or ED DLPDU.

f) If none\of’a)to e) applies, then the DT DLPDU shall be reported to local DL-managgment
as [an unexpectedresponse, and shall be discarded.

NOTE _This report may take the form of incrementing a DL-management error_counter.

7.7.4.1.3 Actions required when the reply token was dominant at start-of-reception and
the receiving DLE did not send the CA, CD or ED DLPDU which created the reply token

a) If the received DT DLPDU has format 3L or 3s, and its source DL-address designates a
publisher's DLCEP-address of a subscriber DLCEP of the receiving DLE, and this source
DL-address is equal to the destination DL-address, V(RA), from the immediately-prior CA,
CD or ED DLPDU, then

— the DLE shall consider the prior transmission to have been error-free;

— the received DT DLPDU shall be forwarded to the DLE’s upper-level functions (see
9.2) for further processing.
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b) If the received DT DLPDU has format 5, and the explicit destination DL-address from the
immediately-prior CA, CD or ED DLPDU was the publisher’'s DLCEP-address of a subscriber
DLCEP of the receiving DLE, then

— the DLE shall consider the prior transmission to have been error-free;

— the received DT DLPDU shall be forwarded to the DLE’s upper-level functions (see
9.2) for further processing, with its implied source DLCEP-address assumed to be the
explicit destination DL-address from that immediately-prior CA, CD or ED DLPDU.

7.7.4. 2—-Additienal-actionsreguired-ofatink-MasterclassBLE

None,

7.7.4.B Additional actions required of a Bridge class DLE

a) [Since every Bridge class DLE has Link Master capability, 1.7.4.2
alsp apply to a Bridge class DLE.

b) If the first DL-address specified in the DLPDUAs am explici ess to whig¢h the
briflge should forward the DLSDU and the bridgé the DLPDU without
errpr, then the DLPDU shall be forwarded wit ificati ame-control field|in the
forivarded DLPDU as appropriate (s€ )

c) If the DLPDU contains an explici én the bridge shall attempt to

upglate its routing table entry for the ecified in the DLPDU to feflect

thg bridge port from which the DLPDU w

d) Otherwise, if neither\ e e DLE shall not forward the DLPDU.

the receiving bridge D

7.7.4.B.1 Actions iqu ed c token was dominant at start-of-reception and
which|created the -,o

a) [The DLE shall prior/transmission to have been error-free.

b) If

— thetdestinatign DL-address from the immediately-prior CA, CD or ED DLPDU was a
DLSAP-address;

— the status reported by the SD-parameters is other than “DR — delayed reply” (that is,
has a value other than F1g);

— the user data field is null,
then the DLE shall form a DT DLPDU

1) with format 2L when the previous CA, CD or ED DLPDU was format 1L, or format 2s
when the previous CA, CD or ED DLPDU was format 1s;

2) with the explicit destination DL-address equal to the source DL-address in that imme-
diately prior CA, CD or ED DLPDU;
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3) with an SD-parameters field equal to the SD-parameters field of the received DT

DLPDU;

4) with a null user data field;

and shall forward the just-formed DT DLPDU as if it had just been originated by the upper-

level functions of the bridge DLE.

NOTE This means that the bridge DLE originates the FCS for the newly-formed DT DLPDU as in 6.1.1.1,

rather than just modifying a previously received FCS during normal forwarding as in 6.1.1.3.

7.7.4 8 Additional actions required of the current LAS DLE

If the|final-token-use subfield of the received DLPDU has the value FINAL
shall

a) pssume that the current use of the delegated token is
been returned by an RT (see 7.17) DLPDU;

b) pssume that the scheduler token is again doming | K and resume

opération as the LAS.

7.8 STATUS RESPONSE (SR) DLPDU

A STATUS RESPONSE (SR) DLPDU is se

a) o indicate the receipt of the imm
wopld normally forward
DLE that no error occudred

b) to reject an atten
mgster DLE.

7.8.1 |Structure of the S

¥ — Structure of SR DLPDUs

\ frame destination source
\ coniol address NODE-address parameters
\00016F11 [PSA] N o-SR-p

R

[PSA] is the implied DL-address equal to the implied or explicit
source DL-address of the immediately prior DLPDU on the link

b DLE

n had

active

which
nding

r link-

7.8.1.1 Frame control field

The frame control field shall specify

a) the DLPDU'’s function;

b) the DLPDU'’s implicit priority, which is that of the immediately-prior DLPDU on the local

link (to which the SR DLPDU is an immediate response);

c¢) the length, number and type of DLPDU addresses;

d) whether or not transmission of the current DLPDU terminates use of a delegated token.
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7.8.1.2 Address field

The address field shall consist of an explicit source NODE DL-address.

7.8.1.3 Parameters field

The delayed-reply-parameters (SR-parameters) field specifies an optional transaction id and
status. When non-null, this field shall be structured and encoded as described in 8.5.

7.8.1.4 User data field

The userdatafield-shall-be-nruh-

7.8.2 |Content of the SR DLPDU

The flame control field shall be encoded as specified in table 11:

— When sent as an immediate reply to a TL DLPDU, the fing c he SR

— When sent as an immediate reply to a CA, CD ¢ \ bfield
of the SR DLPDU shall have the same value & i ' br ED
DLPDU.

The address field shall be the replying nder’'s

node-|d, V(TN).

NOTE  The primary purposes for the inglusiofi of the
assumed the reply token to agwobserving link ana

When| sent as an imme

-address is to identify the DLE which has

a) the SR-pa
acgept the tra

e DLE is a bridge DLE which has been gble to

b) ptherwise, y, the SR-parameters shall be encoded as descriped in

a) ADCSR DLPDU may be sent on the link when the sending DLE is a bridge DLE whig¢h has
jus . Teply tokemima A, CDor EDDtPDUpermittingthat DtEtotramsmit a
single DT or SR DLPDU, and the DLE is replying as specified by 7.4.4.3, 7.5.4.3 or 7.6.4.3.

It is a protocol error for a bridge DLE which will forward the received CA, CD or ED DLPDU
to not send an SR reply DLPDU when a reply is required.

NOTE At most one bridge DLE on the local link should be forwarding the received CA, CD or ED DLPDU.
b) An SR DLPDU may be sent on the link when the sending DLE is a link master or bridge

DLE which has just received a reply token in a TL DLPDU, and the receiving DLE needs to
reject the transfer of the LAS role (see 7.20.4.2).
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The final-token-use subfield of the reply SR DLPDU shall have the same value as that in the
requesting CA, CD or ED DLPDU, or shall have the value FINAL for a reply to a requesting TL
DLPDU.

When an immediate reply to a CA, CD, ED or TL DLPDU is required, then the DLE shall reply
within a period of maximum-response-delay slot-times, V(MRD) x V(ST) octet-durations, of
receipt of the requesting CA, CD, ED or TL DLPDU.

7.8.4 Receiving the SR DLPDU

7.8.4.1 Actions required of all DLEs

a) A received SR DLPDU, received as a reply to an immediately prior Dnor ED,DLPDU
whjch was originated by the receiving DLE and which was addressed dress,
shall cause the receiving DLE

1) to consider the prior transmission to have been error-frg

2) to forward that received DLPDU to the DLE’s uppé see 9.3 for flurther

processing.

b) A received SR DLPDU, received as a reply TL DLPDU whidh was

originated by the receiving (LAS) DLEshall

7.8.4.

None,

7.8.4.

a) [Since‘every Bridge class DLE has Link Master capability, any actions specified in 7.8.4.2
alsjo dpply to a Bridge class DLE.

b) A received SR DLPDU

1) which reports a status other than “BOK — bridge OK” (that is, has a value other than
E1e);

2) which was received as a reply to an immediately prior CA, CD or ED DLPDU which
was forwarded (and therefore not originated) by the receiving DLE and which was ad-
dressed to a DLSAP-address

shall cause the receiving DLE to form a DT DLPDU
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i) with format 2L when the previous CA, CD or ED DLPDU was format 1L, or format 2s
when the previous CA, CD or ED DLPDU was format 1s;

ii) with the explicit destination DL-address equal to the source DL-address in that imme-
diately prior CA, CD or ED DLPDU;

iii) with an SD-parameters field equal to the SR-parameters field of the received SR
DLPDU;

iv) with a null user data field;

angl shall forward the just-formed DT DLPDU as if it had just been origi d by the ||1pper-
leviel functions of the bridge DLE.

c)

7.8.4.

a) b LAS

DL

n had

active

b) h was

ori

7.9 C

A ComrPeL~TIME (CT) DLPDU is used by the current holder of a delegated token to requgst the
LAS DLE to transmit as an immediate response a TIME DISTRIBUTION (TD) DLPDUf thus
enabling all other DLEs on the local link

— to update their sense of DL-time;

— to synchronize the rates of advance of their senses of time.
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Structure of the CT DLPDU

Table 12 — Structure of CT DLPDUs

frame
control

0001 OF00

1 Frame control field

The fi
a)
b)
c)

d)
req

7.9.1.

The a

7.9.1.

The p

7.9.1.

The u

7.9.2

The fi

7.9.3

A DLE

of ad
reque

" b ol 1 '
AlTIT CUTTUTUT TITTU STiall SPTUITY

the DLPDU'’s function;

the DLPDU’s implicit priority, which is URGENT;

the length, number and type of DLPDU addresses;

whether or not transmission of the current DLPD
ly or the appropriate link-idle timeout, terminate

D Address field

ddress field shall be null.

B Parameters field

arameters field shalNp |

1 User data field
Ser data fie 2

s5ts that the LAS DLE send a TD DLPDU in immediate reply.

ediate

S rate

ance of the cufrent DL-time, may result in transmission of a CT DLPDU. A CT DLPDU

A CT DLPDU may be sent on the link when the sending DLE holds a delegated token whose
remaining allocated duration of token usage, C(RD), permits completion of the implied
transaction — sending the CT DLPDU, which requires an immediate reply, and awaiting the TD
reply DLPDU — prior to return of the token.

If the DLE holds a delegated token, and no additional use of that token after sending this
DLPDU and awaiting its immediate reply is needed at that time, then the DLE may set the final-
token-use subfield of the CT DLPDU to the value FINAL; else that subfield shall have the value

NOT-F

INAL.

After sending a CT DLPDU, the sending DLE shall monitor the local link for a reply as specified
in 6.2.7.1. The permissible reply DLPDU is a TD DLPDU.
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7.9.4 Receiving the CT DLPDU

A received CT DLPDU shall be treated as follows by the receiving DLE:

7.9.4.1 Actions required of all DLEs

None.

7.9.4.2 Additional actions required of a Link-Master class DLE

None.

7.9.4.B Additional actions required of a Bridge class DLE

a) [Since every Bridge class DLE has Link Master capability, any a .9.4.2

alsjo apply to a Bridge class DLE.
b) [The DLE shall not forward the DLPDU.

7.9.4.4 Additional actions required of the current LAS D

The DLE shall reply immediately with a TD DLPDU.

If the|final-token-use subfield of the <\ T D @ thesvalue FINAL, then the LAS
DLE ghall

a) pssume that the current use of the delegate
ulgr token is again dominant on the IcaI

b) treat that termination a

R_has terminated and that the gched-

c)
7.10

A Tim
local |

3" transmitted by the LAS DLE to enable the DLEs ¢n the
gchronize the rates of advance of their senses of DL-tim4q.

7.10.1

Table 13 — Structure of TD DLPDUs

frame source
control NODE-address parameters
0001 OF01 N TD-p

7.10.1.1 Frame control field

The frame control field shall specify
a) the DLPDU'’s function;
b) the DLPDU'’s implicit priority, which is URGENT;

c¢) the length, number and type of DLPDU addresses;
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d) whether or not transmission of the current DLPDU terminates use of a delegated token.

7.10.1.2 Address field

The address field shall consist of an explicit source NODE DL-address.

7.10.1.3 Parameters field

The parameter field shall be structured and encoded as specified in 8.6.

7.10.1.4 User data field

The uper data field shall be null.

7.10.4 Content of the TD DLPDU

The flame control field shall be encoded as specified in table 13

The afdress field shall specify the node designator of the -resident with the

LAS DLE.

The TD-parameters field shall be encoded as specifi f \ urrent
value$ of the DLE’s time-related variables and decti at the moment of DLPDU
formation, which shall be less than 1 : i

The uper data field shall be null.

7.10.3 Sending the TD DLP

A TD PLPDU may be s

a) has just regeive aTD
DLPDU; or
b) holds a sche¢ ; [ ink, i ired to
send a TD DLRD ifi n 9.4.1.6, and the remaining allocated duration of|token
usage before led activity permits completion of the DLPDU’s transmlission
pripr to~expiration

If the [TD DLRDWN s a reply to a received CT DLPDU, then the final-token-use sybfield

of the[reply TD_DLPDU shall have the same value as that in the requesting CT DLPDU.

If the titn€-~synchronization class of the sending DLE is not NONE, then after transmitting the TD
DLP I, t:IC LAS DLE D:Ic{“ ab:lcduic clllUt:lCl tlallblll;bbiull Uf [=} TD DLPDU asS Dpcbilied |n

9.4.1.2.

Reception of a CT DLPDU by the LAS DLE shall cause the LAS DLE to reply immediately with
a TD DLPDU, sent to all other DLEs on the local link.

7.10.4 Receiving the TD DLPDU

A received TD DLPDU shall be treated as follows by the receiving DLE.
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7.10.4.1 Actions required of all DLEs

a) Each DLE that supports the variables, timers and counters defined in 5.7.1.19 to
5.7.1.26, other than the sending DLE, shall append to the received DLPDU the low-order
24 bits of the local node-time C(NT), known thereafter as Nr(NT), at which the TD DLPDU

reception completed (that is, receipt of the END-OF-DATA Or END-OF-DATA-AND-ACTIVITY

PhIDU).

b) Each DLE other than the sending DLE shall process the received DLPDU as specified in

9.4.1.3.

7.10.4

None.

7.10.4

a)
7.1

b)
po
sp
tio

7.10.4

If the
deact

If the
shall

7.11

A ROl
initiatg

7.11.1 Structure of the RQ DLPDU

.2 Additional actions required of a Link-Master class DLE

.3 Additional actions required of a Bridge class DLE

ND-FRIP-DELAY'QUERY (RQ) DLPDU is sent from one DLE to another on the local
e {he“measurement and computation of the round-trip delay intrinsic to their

communicCation. Its receipt results in the return of a complementary ROUND-TRIP-DEI AY REPLY

(RR) DLPDU completing the measurement.

Table 14 — Structure of RQ DLPDUs

ifled in

at the
bridge

event to the bridge ¢pera-

n and

b DLE

n had

active

ink to
inter-

frame destination source
control address address parameters
1100 OF00 N.O N.O RQ-p
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7.11.1.1 Frame control field

The frame control field shall specify

a)
b)
c)

d)

7.11.1.2 Address field

The address field shall consist of two explicit SHORT DL-addresses

that o

7.11.1.3 Parameters field

The p

7.11.1

The u

7.11.2

The fi

The a
where

and t
Vg(TN

The R

the DLPDU'’s function;
the DLPDU’s implicit priority, which is NORMAL;

the length, number and type of DLPDU addresses;

regly DLPDU or the appropriate link-idle timeout, terminates use of a defegated token)

rder.

arameters field shall be structured and encoded

.4 User data field

Ser data field shall be null.

Content of the RQ DLPDU

), and-an/octet of zero, thus specifying the sending DLE’s DL-support functions.

Q:-parameters field shall be encoded as specified in 8.7, and shall reflect the value

pdiate

ce, in

brmat,

nd an

de-id,

of the

DLE’s node-time counter, 1T maintaied by the DLE, at a moment of DLPDU formation which is
a constant time offset from the moment when the END-OF-DATA-AND-ACTIVITY PhIDU will be
transmitted for the DLPDU. Otherwise, the DLE shall use any value for this field.

The user data field shall be null.

7.11.3 Sending the RQ DLPDU

An RQ DLPDU may be sent on the link when the sending DLE

a) holds a delegated token which is the dominant token on the local link, and when the
remaining allocated duration of token usage, C(RD), permits completion of the implied
transaction — sending the RQ DLPDU, which requires an immediate reply, and awaiting the

RR

reply DLPDU — prior to expiration of the token; or
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b) holds a scheduler token which is the dominant token on the local link, and when both

— the remaining allocated duration of token usage before the next scheduled activity;

— the remaining allocated duration of scheduler token usage for link maintenance,
is V(LTHT) octet-durations minus the amount of link capacity used for link mainte
during the current cycle of “circulating the token”,

which
nance

permit completion of the implied transaction — sending the RQ DLPDU, which requires an
immediate reply, and awaiting the RR reply DLPDU — prior to expiration of the token.

The RQ DLPDU shall be sent at NORMAL priority.

set th
have

After

7.11.4

A recei

7.11.4.

If the

a)
do
DL

b)

s not maintain ' :
PDU the 2va e zerg; 0

ing this

= may
shall

bly as

then

b DLE
ceived

T), at
ID-OF -

tation

AT
NOTLE T Frts aujubllllclll vt pluuauly vary lllvclacly witthrthre—BtEs—actuat-mstantaneous—rate

transmission.

NOTE 2 The objective of this adjustment is to ensure that V(MD), as computed in 9.4.1.5, is a

f data

s close

as possible to double the sum of the one-way transmission, propagation, and reception delays incurred

in transmission of a TD DLPDU between the addressed source node and the local DLE.

In either case the receiving DLE shall initiate a reply within a period of maximum-response-
delay slot-times, V(MRD) x V(ST) octet-durations, of receipt of the RQ DLPDU. The reply
DLPDU shall be an RR DLPDU with a destination DL-address equal to the source DL-address
of the received RQ DLPDU, and with a source DL-address specifying the replying DLE’s

DL-su

pport functions.

7.11.4.2 Additional actions required of a Link-Master class DLE

None.
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7.11.4.3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in

7.11.4.2 also apply to a Bridge class DLE.
b) The DLE shall not forward the DLPDU.

7.11.4.4 Additional actions required of the current LAS DLE

The LAS DLE shall act as specified in 6.2.7.2.

7.12 Round-Trip-Delay Reply (RR) DLPDU

A ROUND-TRIP-DELAY REPLY (RR) DLPDU is sent from one DLE to anothe
permit completion of the measurement and computation of the round-#
inter-gommunication. It is only sent as an immediate reply to a recei¥ed

7.12.1 Structure of the RR DLPDU

Table 15 — Structure of RR DL

control address

1101 OF00 (1@)\ N\ >NO Q ‘\pk-p

frame destination C<urc

7.12.1.1 Frame control field

The fi i 2 j Q

a)

7.12.1.

The address-fieldhshal} consist of two explicit SHORT DL-addresses, destination and sou
that ofder;

ink to
b their

en.

ce, in

7.12.1-8Parameters fietd

The parameters field shall be structured and encoded as specified in 8.8.

7.12.1.4 User data field

The user data field shall be null.

7.12.2 Content of the RR DLPDU

The frame control field shall be encoded as specified in table 15.
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The address field shall specify two NODE DL-addresses expressed in SHORT DL-address format,
where the destination DL-address is equal to the source DL-address received in the immedi-
ately prior RQ DLPDU, and the source DL-address has the value formed by concatenating the
sender’s node-id, Vg(TN), and an octet of zero, thus specifying the sending DLE’s DL-support

functions.

The RR-parameters field shall be encoded as specified in 8.8, and shall reflect the value of the
DLE’s node-time counter, if maintained by the DLE, at a moment of DLPDU formation which is
a constant time offset from the moment when the END-OF-DATA-AND-ACTIVITY PhIDU will be

transmitted for the DLPDU. Otherwise the DLE shall use the value zero for this field.

The uper data field shall be null.

7.12.3 Sending the RR DLPDU
An RR DLPDU may be sent on the link when the sending DLE ha

an RQ DLPDU, permitting a single transmission of an RR DLPR
of the|reply RR DLPDU shall have the same value as that in

7.12.4 Receiving the RR DLPDU

A recg¢ived RR DLPDU shall be treated as follows b

7.12.4.1 Actions required of all DLEs

If the [destination NODE DL-address spegi t
if the [mmediately prior DLPDU was ah RQ-DLRBE
shall ¢onsider the prior trapsmission to ha
then the DLE shall

a) pppend to the received ¥ aw-order 24 bits of the local node-time, C(N

whjch the RR PD
DATA-AND-AC q
b)

bet
tio

end system;

transmission of a TD DLPDU between the addressed destination node and the local DLE.

c)

7.12.4.2 Additional actions required of a Link-Master class DLE

None.

7.12.4.3 Additional actions required of a Bridge class DLE

designates the receiving DLE
py the receiving DLE, then th

e\to\remove any systemic difference in the DLE-internal time
K _and—+receive paths, caused by known implementation cons

possible~to” douhlethe sum of the one-way transmission, propagation, and reception delays incy

ken in
bfield

F, and
e DLE
C(NT),

T), at
ID-OF -

delay
idera-

pf data

ose as
rred in

a) Since every Bridge class DLE has Link Master capability, any actions specified in

7.12.4.2 also apply to a Bridge class DLE.

b) The DLE shall not forward the DLPDU.
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7.12.4.4 Additional actions required of the current LAS DLE

If the final-token-use subfield of the received DLPDU has the value FINAL, then the LAS DLE
shall

a) assume that the current use of the delegated token is terminated as if the token had
been returned by an RT (see 7.17) DLPDU;

b) assume that the scheduler token is again dominant on the local link and resume active
operation as the LAS.

7.13 Probe Node DL-address (PN) DLPDU

A PRQBE NODE DL-ADDRESS (PN) DLPDU is used by the LAS DLE to p axistence of
previdusly unrecognized DLEs on the local link. A PN DLPDU creates’a token
to any DLE(s) which may have their V(TN) (see 5.7.1.7) equal to _the ifj Wfigured but
inactiye) NODE DL-address. The only permissible reply is a PR ich must
be an|immediate reply.

7.13.1 Structure of the PN DLPDU

Table 16 — Structure of (PN

frame destination
control NORE-addres

0010 0110 /A \N\\

DU
A\
ey
PN-p

7.13.1.1 Frame control fié

The flame control field

the DLPD@

a)

b)

7.13.1

The a

7.13.1.

The pprameters field shall be structured and encoded as specified in 8.9.

7.13.1.4 User data field

The user data field shall be null.

7.13.2 Content of the PN DLPDU

The frame control field shall be encoded as specified in table 16.

The address field shall specify the NODE DL-address which is being probed.
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The Probe NODE DL-ADDRESS parameters (PN-parameters) field shall convey, as specified in
8.9, the then-current values for the local link of those DLE and PhE parameters necessary for a
receiving DLE to configure itself and its associated PhE so that they can reply to this or a
subsequent PN DLPDU.

The user data fields shall be null.

7.13.3 Sending the PN DLPDU

The LAS on its own, at the beginning of each cycle of link maintenance-related transmissions,
and possibly during what otherwise would be unoccupied periods of link capacity, probes
configured but apparently-unused NODE DL-addresses by sending PN PDUs te |those
DL-addresses and awaiting a reply. Should such a reply occur, it is an i iQn _that'p new
DLE H

PN Dl

The |
assoc
by thg LAS DLE when

a) the LAS DLE is using the link
10J2.1b)1), 10.2.1c)2); or

b)
du
tra

Befor
probe

drdsses, mitnus the\set of active DLE addresses, and minus the set of excluded unusefd DLE
adgiresses

2){E815 .. FF15} — V(LL)
which is the set of visitor DLE addresses, plus the set of DLE addresses for non-visitor
DLEs which do not know their proper DLE addresses, minus the set of active DLE ad-
dresses.

After sending a PN DLPDU, the LAS DLE shall monitor local link activity for a period of
immediate-response-recovery-delay slot-times, V(IRRD) x V(ST) octet-durations, waiting for a
reply. After this interval, as soon as the link is inactive, the LAS DLE shall continue with its
other activities. Even when a response has been received, the LAS shall wait until the end of
the immediate-response-recovery-delay slot-times, V(IRRD) x V(ST) octet-durations, after the
PN transmission, and then wait for the link to become inactive, before continuing with its next
transaction, to provide for a potential second response from another DLE which has the same
NODE DL-address.
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NOTE This requirement imposes timer considerations which differ subtly from all other uses of slot-time-based
timers in the DL-protocol. For this timer, the timing action does not stop when ACTIVITY or DATA is reported on
the link, but rather continues even after such reports.

If the LAS receives a DLPDU, which is not a PR DLPDU, during this monitoring interval, then
the LAS DLE shall drop its scheduler token and inform local DL-management of the event.

7.13.3.

1 Additional considerations

From the LAS DLE’s perspective, the maximum overhead link capacity required by any PN
DLPDU and an upper bound on the maximum permitted responses may be pre-computed as

4
4

+ + + +

7.13.4
Recei

those
link.

Recei

A recgived PN DLPDU

7.13.4
The O

10.1.9
the re

a)

b)
slo

1 x PN-size

1 x V(IRRD) x V(ST)
1 x maximum-PR-size
1 x V(MID)

x framing-overhead

Receiving the PN DLPDU
the DLE td

i Actions@l'

/If those procedures require the receiving DLE to rd

learn

ysmission on the local

PDU in the DLE-initialization procedures of 10.1.2.1 or

ply to

-delay

hall tneliida o nroho racnoncn CDNIL Ac Aacoribhad 10 D 2 92 1 1 tha oy data f

eld of

c) shal-relude—a—proberesponse—SPbU—as—deseribedirB-3-24—theuserdata

that PR DLPDU, and shall ensure that any randomly chosen fields of that SPDU are chosen
in a manner that is statistically independent of similar choices made by other DLEs.

7.13.4.2 Additional actions required of a Link-Master class DLE

None.

7.13.4.3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in

7.1

3.4.2 also apply to a Bridge class DLE.

b) The DLE shall not forward the DLPDU.
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7.13.4.4 Additional actions required of the current LAS DLE

If the DLE did not just send the DLPDU, then the DLE shall drop the scheduler token and
deactivate its role as LAS; and shall inform local DL-management of the event.

7.14 Probe Response (PR) DLPDU

A PROBE RESPONSE (PR) DLPDU is sent to the LAS in response to the immediately-prior PROBE
NoDE DL-ADDRESS (PN) DLPDU, to convey probe-response information to the LAS.

7.14.1 Structure of the PR DLPDU

Table 17 — Structure of PR DLPDUs

frame

control user data

0010 0111 SPDU

7.14.1.1 Frame control field

The frame control field shall specify the DLPDU'’s fu T,
7.14.1.2 Address field

The afdress field shall be null.

7.14.1.3 Parameters field

The pprameters field shall

7.14.1.4 User daf:fiel
The uper data fiel A
NO
dur

resses

7.14.2

The fi final-

token

The afddress field shall be null. The generic LAS NODE DL-address of 04 is implicitly addressed
as thg DPDU'’s destination, and the destination address from the immediately prior PN DLPDU
sent on the local link is implicitly the PR DLPDU’s source address.

The parameters field shall be null.

The user data field shall convey a higher-level probe-response SPDU whose maximum size is
limited as specified in 7.14.1.4.

7.14.3 Sending the PR DLPDU

A PR DLPDU shall result from receipt of a PN DLPDU. The PR DLPDU shall be sent as
specified in 10.1.2.1 and 7.13.4.
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7.14.4 Receiving the PR DLPDU

A received PR DLPDU shall be treated as follows by the receiving DLE:

7.14.4.1 Actions required of all DLEs

None.

7.14.4.2 Additional actions required of a Link-Master class DLE

None.

7.14.4

a)
7.1

b)

7.14.4

If the

redei
DL}

DL

b)

op¢

If the
was r
then t

If the
the D

.3 Additional actions required of a Bridge class DLE

Since every Bridge class DLE has Link Master capability,
4.4.2 also apply to a Bridge class DLE.

The DLE shall not forward the DLPDU.

.4 Additional actions required of the current LAS D

1) within

Lmesppnse-delay slot-times, V(MRD) x V(ST)
durations, 3

e PR DLPDU, as measured at the receiving [

| E_shall drop the scheduler token and deactivate its role as LAS; and shall inform

DLE had not sent a PN DLPDU as the immediately prior non-PR DLPDU on the link,

iffed in

been
NODE
nt PN

active

octet-
LE,

speci-

LPDU
L PDU,

then
local

DL-m

hnagement of the event
~J

7.15

Pass Token (PT) DLPDU

A Pass ToKEN (PT) DLPDU is used to pass a delegated token from the DLE functioning as an
LAS to a DLE on the local link. By doing this repeatedly, the LAS DLE provides a delegated
token which “circulates” successively, usually in NODE DL-address order, to all active DLEs on
the local link which are included in the link’s token-circulation list, V(TCL) (see 5.7.5.3).

NOTE This usage also supports migration from previously existing national standards.

This DLPDU provides the receiving DLE with the right to initiate DL-transactions for a period of
time specified in the delegating DLPDU.
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7.15.1 Structure of the PT DLPDU

Table 18 — Structure of PT DLPDUs

frame destination
control NODE-address parameters
0011 OFPP N DD-p

7.15.1.1 Frame control field

£ " b ol 1 '
The ManTe CoITirorT rretd-sitailt SHPELITY

a) the DLPDU'’s function;
b) the minimum required priority of token use;
c¢) the phase (initial or continuation) of the token delegati

d) the length, number and type of DLPDU addresses:

7.15.1.2 Address field

The afdress field shall consist of an eXplicitdé

7.15.1.3 Parameters field

The pprameters field shall

7.15.1.4 User data fiel

The uper data fi

7.15.4 Content of

The ffame coptroNfield s oded as specified in table 18. The value of the priority
subfigdld detefmines_t i y permitted priority of DLPDU which may be transmitted py the
receiing \ s he' final-use subfield shall be interpreted generally as specified in
6.2.1.pchH . anchsyg

RESTART <= is Is the initial token delegation within the current cycle of “circulating the
token” cand so any repetitively scheduled transactions should be restarted,;

CONTINUE — IS 15 a SUDSEqUeEnt (that 15, Secondary) toRen detegation withimm the current
cycle of “circulating the token”, and so the previously initiated sequence of queued transac-
tions should be continued.

The address field shall specify the NODE DL-address to which the token is being delegated.

The Delegation-Duration-parameter (DD-parameter) field shall convey, as specified in 8.10, the
duration for which the token is being delegated to service Q(US), measured in octet-durations.
Its permitted values are 0 to 65 000, measured in units of the transmission-duration of one
octet (that is, in octet-durations).

NOTE The lower bound of zero is required to permit probing of node DL-addresses for DLEs which are
included in the local link’s live-list, V(LL), but not in the local link’s token circulation list, V(TCL). The minimum
practical value for use of this duration is about 16.
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A duration of zero shall be used only when the addressed DLE’s NODE DL-address is in the live
list, V(LL), but not in the list of DLEs, V(TCL), to be polled with PT DLPDUs. In this case the
addressed DLE indicates its continued presence by responding with an RT or Rl DLPDU.

The user data field shall be null.

7.15.3 Sending the PT DLPDU

The LAS DLE sends a PT DLPDU to “circulate the token”, usually in NODE DL-address order,
through all of the active DLEs on the local link.

7.15.3.1 Determination of the PT DLPDU fields and related “token-rotation”

a)

b)

tio

parameters

A PT DLPDU may be sent on the link

— when the sending DLE (the LAS) holds a scheduler token
on the local link;

2) V(IRRD)

ii)-any implementation-dependent period, measured in units of link capacity, re
1o recover the token upon expiration of the link capacity actually delegated

token

— when the number of octet-durations of link capaci aing e next scheduled
activity permits sending the PT DLPDU, plus the-minim QUi Usg by the regeiving

mina-

initial

termi-

h fol-

uired

c) The maximum number of octet-durations of link capacity which can be delegated is
computed as the smaller of

1) 65 000 octet-durations,

2) the number of octet-durations of link capacity remaining until the next scheduled ac-

tivity minus the overhead in delegating the token specified in b), with the result re

duced

to account for possible differences in the two DLESs’ data rates (that is, multiplied by the
minimum possible ratio between the LAS DLE’s and receiving DLE’s Ph-data rates, as

reported in 5.4.1.1).
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d) The minimum number of octet-durations of link capacity which a DLE requires shall be
computed as follows:

1) zero, when the DLE’s NODE DL-address is not a member of the set V(TCL), indicating
that the DLE does not require use of the token;

2) V(DMDT) (see 5.7.5.7), when 1) does not apply, and when

— the PT DLPDU'’s final-use subfield specifies RESTART, or

— the fasttokenm sent by a PT DCPDU o the same DE-address was ot returmned] by an
RI DLPDU; or

n sent

d to a

cating

when

when

in this

{ s¢ DLE
L), beginning with the lowest-numbered SuclriTNODE
LPDU

C ome the LAS, it shall commence token-passing with this
caddress, and shall restart token-passing with the I¢west-
DLE’s represented in the set V(LL) have terminated their

— by being unable to use the token without exceeding the maximum number of|octet-
dufations of link capacity determined in e).

A DLE can, but need not, be temporarily bypassed in this ascending order while its require-
ments, as computed in d), exceed the link capacity momentarily available for token delega-
tion, as computed in ¢). Any such bypassed DLE shall be delegated its remaining allocated
link capacity before a PT DLPDU whose final-use field specifies RESTART is again delegated
to that DLE.

NOTE This bypassing is an implementation choice, since it's existence merely improves the momentary
efficiency of the link and does not affect interoperability.

It is a protocol error to specify any DL-address other than a valid NODE DL-address, or to
explicitly address a DLE which is known to be not active on the local link.
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g) The actual period of token delegation shall be computed to be the lesser of the values
computed in ¢) and e), and the delegation shall occur only if that period is at least as great
as the value computed in d).

h) The initial PT DLPDU sent to each DLE on the link during one cycle of “circulating the
token” shall specify RESTART in its final-use field; all subsequent PT DLPDUs sent to the
same DLE during the same cycle, if any, shall specify CONTINUE in that final-use field. When
RESTART is specified, the DLE also shall initialize the relevant member of V(RTHA) to the
value of the corresponding member of V(MTHA).

j) The actual period of token rotation, V(ATRT), shall be measured by the LAS DLE as the
intljzrval between successive occurrences of the LAS DLE’s sending the R DLPDU, with a

token-use subfield specifying RESTART (see 7.15.2), to the lowg NODE
DLtaddress represented in V(LL).
k) [The DLL priority specified in the PT DLPDU shall be det ycle of

“cifculating the token” as follows:

1) After the LAS DLE has just assumed the schedul
receiving a TL DLPDU), the priority shall be NORI#

ing a CL DLPDU or

then

ible.
3) If 1) and 2) do na{ ual to
V(TTRT), then th ncy, if
possible.
NOTE y.
On mitted
du
7.15.3.
When m the
DLPD ise in
case or RT
DLPD
After serdimgaPTFDtEPBUthe tAS BtE—shattmonitor-thetocattimk—forapertodof-mmrediate-

response-recovery-delay slot-times, V(IRRD) x V(ST) octet-durations, waiting for a response:

a) If a PhL-indication (see 5.4.3) reporting DATA is received, then the DLE shall proceed as

in c).

b) If a) does not apply, and the monitoring period of immediate-response-recovery
slot-times, V(IRRD) x V(ST) octet-durations expires, then

-delay

1) if the bus is not active at that moment (that is, the last-received PhL-indication re-

ported END-OF-ACTIVITY), then the DLE shall proceed as in d);
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2) if 1) does not apply, implying that the link is still active at that moment (that is, the
last-received PhL-indication reported START-OF-ACTIVITY), then

A) for implementations that were not demonstrable on or before 31 December 1995,
the DLE shall monitor the local link for a period of one additional slot-time, V(ST) oc-
tet-durations, waiting for a PhL-indication:

i) if a PhL-indication reporting DATA is received, then the DLE shall proceed as in c).

ii) if a PhL-indication reporting END-OF-ACTIVITY is received, and i) does not apply,

NOTE Without provision ii), ill-timed low-level noise can cause the LA$ DLE to not'retry|the to-
ken pass, resulting in omitting a DLE from the current cycle of circuldtis sion ii)

iii) if neither i) nor ii) applies, and the monitg ore a

B) Implementations that were demonstrable o ber 1995 alterna-

tively may just proceed as in c).

c) Until the delegated token is returped, the bl link

acfivity, and if it observes

1) a period of token-recovery-del i f con-

2) for implementatidoqs t : D95, a
period of token-rk im which
any continuous RT-OF-

ACTIVITY a e DATA-
IAND-ACTIVI

of im-

thgn it shall

-—.assume that the scheduler token is dominant on the local link;

— inform local DL-management of the event;
— commence transmission on the link.

d) If the monitoring period of immediate-response-recovery-delay slot-times,
V(IRRD) x V(ST) octet-durations expires and a) does not apply; or, for implementations that
were not demonstrable on or before 31 December 1995, the additional monitoring period of
one slot-time, V(ST) octet-durations, expires and c) does not apply; then the LAS DLE shall
retry sending the PT DLPDU and monitoring the local link, up to the number of times
specified as the maximum-retry-count, V(MRC) (see 5.7.1.5), of the local link, each time
using as the value for its duration parameter the smaller of
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1) the value originally sent; or

2) the number of octet-durations of link capacity remaining until the next scheduled ac-
tivity minus the overhead in delegating the token specified in 7.15.3.1b), with the result
reduced to account for possible differences in the two DLES’ data rates as specified in
7.15.3.1¢)2),

provided that the retry and attempted re-delegation shall occur only if that period is at least
as great as the value computed in 7.15.3.1d).

The rn+v-\1 nhnll commenRee \u|+h|n +r\| eRtecovery nlr\l—n: elr\f +|mne RPN \LSTN octet_
Fy Y Tty o L Vo)

durations, of the beginning of the current period of link non-activity.

If gll attempted retries are unsuccessful, then the LAS DLE shall

— inform local DL-management of the event;

tion by
rences

V(ST)

es of
LAS’s

Aft]
“Ci
loc

7.15.4

foken”
55, by

Recei
as fo|

e DD-

A recegi

7.15.4.1, Actions required of all DLEs

If the destination DL-address speciiied by the DLPDU designates ihe NODE DL-address of the
receiving DLE, then if the receiving DLE, due to its construction, does not use the delegated
token, then the receiving DLE shall initiate transmission of an RT DLPDU within a period of
maximum-response-delay slot-times, V(MRD) x V(ST) octet-durations, of the end of reception
of the PT DLPDU, as measured at the receiving DLE; else the receiving DLE shall

a) copy the value of the duration parameter from the DLPDU into its local remaining-
duration down-counter, C(RD);

b) assume the delegated token;

c) initiate transmission within a period of maximum-response-delay slot-times,
V(MRD) x V(ST) octet-durations, of the end of reception of the PT DLPDU, as measured at
the receiving DLE;
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d) repeatedly employ the following selection criteria until the delegated token is returned to
the LAS, each time initiating transmission within a period of maximum-response-delay slot-
times, V(MRD) x V(ST) octet-durations, of the end of the prior transmission (unless that was
a CA, CD, CT, ED or RQ transmission), as measured at the PT-receiving DLE.

The counter C(RD) shall decrement and be managed as specified in 5.7.1.11.

Trans

1)

actions of the priority specified in the delegating PT DLPDU, or of higher priority

shall be initiated successively;

2)

3)
tio
the

peginning as follows:

— starting from the first transaction and including all REPETITIVE'S
use subfield of the received PT DLPDU specified RESTART, or

subject to the constraint that the DLE shall linfit i
ns which is guaranteed to complete within the

7.15.4.1.

If the
immedgi
of the
the re

a)

ii)-await anNrhmediate reply;

NOTE The maximum DLPDU size of that immediate reply can be determined solely on the |

oken-

TITIVE
T was

gnsac-

pter of

ait its

, |f any,
idrity of

T
=

a)1)),

eying

2.2.4;

asis of

e negotiated DLUEF pPalaltieters.

iii) delete the referencing member from the DLE’s unscheduled-service queue, Q

(US).

2) if the member is a reference which signals the need to compel an instance of unitdata

exchange with a specified DLSAP-address at a specified service priority
5.7.1.17a)2)), then the DLE shall

(see

i) transmit an ED or CD DLPDU to that remote DLSAP-address, at the specified

service priority, as appropriate, as specified in 9.2.2.1 and 9.2.2.4;
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ii) await an immediate reply;

NOTE The maximum DLPDU size of that immediate reply can be determined solely on the basis of

the negotiated DLCEP parameters.

iii) delete the referencing member from the DLE’s unscheduled-service queue, Q

(US).

3) if the member is a reference which signals the need to transmit the contents of a
sending buffer which is bound to a local DLCEP (see 5.7.1.17a)3)), then the DLE shall

i) transmit the DLPDU appropriate to the state of the DLCEP;

Q(US).

1) if the member is a reference which signals {
ing queue which is bound to a local DLCEP ¢

NOT 0
not reflect’ status.informati

ii).-%fthe reswtant transmitted DLPDU completes the transmission of a DLSDU (s
ne/segments of that DLSDU remain to be transmitted), then the DLE shall

o that

ueue,

send-
L or to
ber of
ed for

lows:

ments

ed may

to the
ber of

o that

— advance that member of Qa(UR) to the already sent partition, or remove
appropriate to the type of member;

— notify the DLS-user of the request’s completion, if appropriate;

it, as

— delete the referencing member from the DLE’s unscheduled-service queue,

Q(US).

If no such member of the referenced DL-address request queue, Qa(UR), exists, then
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b)

thg

iii) if the DL-address is a DLCEP-address of a local peer or publisher DLCEP, then the
DLE shall

A) transmit a DT or RC DLPDU, as appropriate for the state of the DLCEP, with a
null user data field, to convey the state of the DLCEP to the correspondent peer or
subscriber DLCEP(S);

B) delete the referencing member from the DLE’sS unscheduled-service queue,

Q(US).

otherwise—whe s —the ldress
and the DLE shall repeat the selection process.

1) if there are one or more active members of the seque at i S py the

2) if one or more of those active members has _net be X j E last
received a PT DLPDU specifying RESTART,

n the DLE shall

liately
rence

i) continue as in the_precedi S serted

NOTE Atmsompletion oft
the REP
REPETITIVENS£( :

action, the next member of Q(US) will be the refergnce to
of the

ection

not a
hall

mertt, jSo that the same member of Q(US) now is the element reference;

2) Issue a DL-SCHEDULE-SEQUENCE confirm primitive if it has not already been confirmed,;
3) delete the sequence;

4) continue as in the preceding case a), as determined by the type of the sole element of
the selected and just-deleted sequence.

All other cases are erroneous and are not permitted.
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7.15.4.1.2 Additional considerations

The following considerations also apply:

i)

del

If there are no additional members, of the priority specified in the received PT DLPDU, or
of any higher priority, in the DLE’s unscheduled-service queue, Q(US), and if immediate
retry of the currently-selected transaction is not possible, then the final-token-use subfield in
that non-RT DLPDU can be set to the value FINAL before transmission, thereby returning the

egated token to the LAS DLE at the end of the current transaction.

i) If there are no members, of the priority specified in the received PT DLPDU, or of any

higher priority, in the DLE’s unscheduled-service queue, Q(US), and the

wal
tra
DL

ii)

theg

5 not returned by setting a final-token-use subfield to the value FINA
hsmitted by the DLE, then the DLE shall return the delegated toke
PDU.

If at any time

A) the remaining duration of token usage — as indicd
counter, C(RD) — is inadequate to permit any further

B) the DLE’s unscheduled-service queue,
priority is equal to or higher than the priorjty

n the receiving DLE shall return th

delegated [token

LPDU

an RT

down-

whose
Jl

the’ LAS by sending an RI DLPDU

specifying the minimum delegation 1\ use required when the token i next
returned.
NOTE An RI DLPDU, 5 to the
receiving LAS that additioral se ubfield
specifying CONTINUE, he total
link capacity allocated to
iv) |[f none of i with a
final-token-use syb
7.15.4.2 Additignalactjorns
The OQLE n hs the
delegatitn-addre token
should the tw {LAS fajt'and this LM DLE become the new LAS. The DLE may also uge that
recorded V(DT# gtect additions to, but not deletions from, the set of DLEs receiving the
circulgted -token, update its copy of the token circulation list, V(TCL) (see 5{7.5.3)
accorgingly:
NOTE — These actions opiimize recovery of the token circulation process In the event of fallure of the DLE

currently functioning as LAS.

7.15.4.3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in
7.15.4.2 also apply to a Bridge class DLE.

b)

The DLE shall not forward the DLPDU.
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7.15.4.4 Additional actions required of the current LAS DLE

If the DLE did not just send the DLPDU, then the DLE shall drop the scheduler token and
deactivate its role as LAS; and shall inform local DL-management of the event.

7.16 Execute Sequence (ES) DLPDU

An EXECUTE SEQUENCE (ES) DLPDU is used to pass a delegated token from the DLE
functioning as an LAS to a DLE on the local link which has previously requested or scheduled
local link capacity, or for which such a schedule has been configured by DL-management.

NOILE—This usage-supports miaration-from nreviouslv-existing national standards.
=) ™1 ) T Y )

This DLPDU provides the receiving DLE with the right to initiate DL-transa farCa, petiod of
time, ppecified in the delegating DLPDU; the destination DL-address of is used to
deterrmine which set of transactions to initiate.

7.16.1 Structure of the ES DLPDU

Table 19 — Structure of ES DL

; X frame destinat \)
orma control DLSE/Q dre paramet

L 1000 1F92f\ N>S ( () RD}
1S 1000 OF&)\ x )bD-p

7.16.1.1 Frame control field

The frlame control field sha

the DLPDU“@n

a)

b)

c)
7.16.1.

The a

7.16.1.

The p

7.16.1.4 User data field

The user data field shall be null.

7.16.2 Content of the ES DLPDU

The frame control field shall be encoded as specified in table 19. The value of the final-use
subfield shall be interpreted generally as specified in 6.2.1.2c), and specifically as:

RESTART — this is the initial token delegation within the current cycle of scheduled se-
guence execution, and so the indicated sequence and any repetitively scheduled transac-
tions should be restarted;


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

CcO

— 154 - 61158-4 © IEC:1999

NTINUE — this is a subsequent (that is, secondary) token delegation within the current

cycle of scheduled sequence execution, and so the previously-initiated sequence of sched-
uled transactions should be continued at the point where execution was last suspended and
the ES DLPDU was re-requested (see 7.18.3).

The address field shall specify the DLSEP-address to which the token is being delegated. For

forma

t 1L, the address shall be LONG; for format 1s it shall be SHORT.

The Delegation-Duration-parameter (DD-parameter) field shall convey, as specified in 8.10 the

durati
meas
the lo

The u

7.16.3 Sending the ES DLPDU

The L
in res|
token

7.16.3

An ES
is the
The fi

LAS
follow|

b)

sp
tio

on for which the token is being delegated to execute the addressed scheduled sequence,
Jred in units of the transmission-period of one octet on the local link (that is, eight times
Cal link’s nominal bit period). It has the range 0 to 65 000 octet-durati

Ser data field shall be null.

AS DLE sends an ES DLPDU when so instructed by the i ile, or
ponse to requests to extend the time allocated for &an_earli Cuted)
delegation.

.1 Sending the ES DLPDU as instructed b

DLPDU may be sent on the link wken tR ‘ > which
Hominant token on the local link, and™ 3 : | PDU.
al-use subfield of such an ES DLPDU

DLPDU shall only™Ne~ss ¢ If the
LE sends ahE ich en the
ng proced

' ched-
r token whit M octet-
ations C i 3 he ES
DU, pls thesmin in an

he overheathin'delegating the token, which is not included in the delegated link capacity
cified’in the DD-parameters of the ES DLPDU, but which is factored into the detefmina-
of*whether to send the ES DLPDU, is computed as the sum of

1) the link capacity required to send the ES DLPDU;
2) V(IRRD) x V(ST) octet-durations for token acceptance and commencement of initial use;

3) the link capacity required for the delegated-token-holder to send an Rl DLPDU termi-
nating token usage;

4) the larger of

i) the minimum inter-DLPDU delay, V(MID) octet-durations (see 5.7.1.12), which fol-
lows the RI DLPDU; or
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ii) any implementation-dependent period, measured in units of link capacity, required
to recover the token upon expiration of the link capacity actually delegated.

¢) The maximum number of octet-durations of link capacity which can be delegated is
computed as the smaller of

1) 65 000 octet-durations; or

2) the number of octet-durations of link capacity remaining until the next scheduled ac-
tivity minus the overhead in delegatmg the token specmed in b), W|th the result reduced

d)
thg
DL}

7.16.3.
tions

It is protocol error to specify any DL- addre s~ Othes id¥DLSEP-address,| or to

However, an LAS |which
receiles a DLSEP-address from anotRKer . ated SPDU may presume that
such an address is valid.

LPDU
5e the
DU.

When|sending the ES DLPDU, the LAS
as thg delegation-address,
tokenl|is lost and not returne
After $ending an E diate-
respofpse-recove

h-

a) C).
b) -delay
slo
1) if §\ S ipn re-
ported ENR:OF-ACTIVITY), then the DLE shall proceed as in d)

2)/if*¥) does not apply, implying that the link is still active at that moment (that is, the
last-received PhL-indication reported START-OF-ACTIVITY), then

A) for implementations that were not demonstrable on or before 31 December 1995,
the DLE shall monitor the local link for a period of one additional slot-time, V(ST) oc-
tet-durations, waiting for a PhL-indication:

i) if a PhL-indication reporting DATA is received, then the DLE shall proceed as in c).

ii) if a PhL-indication reporting END-OF-ACTIVITY is received, and i) does not apply,
then the DLE shall stop further monitoring and proceed as in d);

NOTE Without provision ii), ill-timed low-level noise can cause the LAS DLE not to retry the to-
ken pass, resulting in omitting a DLE from the current cycle of schedule execution. Provision ii)
enables the LAS DLE to distinguish probable noise events from actual transmissions.
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iii)if neither i) nor ii) applies, and the monitoring period expires before a

PhL-indication is received, then the DLE shall proceed as in c).

B) Implementations that were demonstrable on or before 31 December 1995 alterna-

tively may just proceed as in c).

¢) Until the delegated token is returned, the LAS DLE shall continually monitor local link

activity, and if it observes

1) a period of token-recovery-delay slot-times, P(TRD) x V(ST) octet-durations, of con-

tinioic nan actnadvs A
T oo o actrvity; OT

thgn it shall
— assume that the

— inform local D

—comme@
of immediate-response-recovery-delay  slot-

V(IRRD) x V(ST | ations_expires and a) does not apply; or, for implementatiorn
wefe not dée S ‘ efore 31 December 1995, the additional monitoring pef

2) for implementations that were not demonstrable on or before \ 995, a

which

any continuous period of activity (that is, between a PhL-indicatioh Ihg RT-OF-

DATA-

of im-

fimes,
s that
iod of

t shall
times

specified _as>the\maximum-retry-count, V(MRC) (see 5.7.1. 5) of the local link, each time

using as the value or its duration parameter the value originally-sent, and the re-dele
shall oceur-onty_if/that period is at least as great as the value specified in 7.16.
7.16.3.2d).

gation
8.1 or

This retry shall commence within token-recovery-delay slot-times, P(TRD) x V(ST)
durations, of the beginning of the current period of link non-activity.

If all attempted retries are unsuccessful, then the LAS DLE shall
— inform local DL-management of the event;

— start the next transmission within token-recovery-delay slot-times, P(TRD) x
octet-durations, of the beginning of the current period of link non-activity.

octet-

V(ST)
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7.16.4 Receiving the ES DLPDU

Receipt of an ES DLPDU by the addressed DLE enables the DLE to execute all or part of a
previously scheduled sequence whose initiation is synchronized by the LAS, either

— until the sequence has been completed, or

— until the portion of the local-link’s transmission capacity which was allocated by the DD-
parameters of the received ES DLPDU requires return of the delegated token.

NOTE This latter situation can occur

A) on sequences which permit interruption;

B) on sequences which permit dynamic appending of DL-COMPEL-SERVICE requg

C) when retransmission of the initiating ES DLPDU, or possibly of anothe ined se-

guence, caused link capacity beyond that allocated to be needed.

A recgived ES DLPDU shall be treated by the receiving DLE 2

7.16.4.1 Actions required of all DLEs
7.16.4.1.1 When addressed to a DL-address of the D)

If the destination DL-address specified eiving

DLE qther than a DLSEP-address, then\the D

%
maximym<response-delay slot-times,

a) jnform local DL-management of the e

b)
V()

7.16.4 ddress of the DLE
If the ied by the DLPDU designates a DLSEP-address pf the
receivi *
a) copy thk e duration parameter from the DLPDU into its local rem3ining-
du

b)

C) nitiate transmission within-a period of maximum-response-delav slot-times
T Ll 7 T

V(MRD) x V(ST) octet-durations, of the end of reception of the ES DLPDU, as measured at
the receiving DLE;

d) repeatedly employ the following selection criteria until the delegated token is returned to
the LAS, each time initiating transmission within a period of maximum-response-delay slot-
times, V(MRD) x V(ST) octet-durations, of the end of the prior transmission (unless that was
a CA, CD, CT or ED transmission), as measured at the ES-receiving DLE.

The counter C(RD) shall decrement and be managed as specified in 5.7.1.11.
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Transactions in the sequence associated with the designated DLSEP-address
1) shall be initiated successively;
2) beginning as follows:

— starting with the initial transaction of the sequence if the token-use subfield of the
received ES DLPDU specified RESTART, or

— continuing from the point at which the sequence was previously suspended if the to-
[ken-use subfietdof the Teceived ES DEPDU SpPecCified CTONTINUE;

3) pubject to the constraint that the worst-case link capacity reguire
trapsaction be less than the then-current value of the remainipg
C(RD).

amplete the
duratiQn M own:cdunter,

7.16.4.1.2.1 Selection of the next transaction to be executed

The receiving DLE shall execute the transactions in the

If that next member of the sequence is a referepce(tq QS ueue,
QA

criber

eying
2.2.4,

asis of

ceived

hange
. then

1)-transmit an ED or CD DLPDU to that remote DLSAP-address, at the specified

2) await an immediate reply;

NOTE The maximum DLPDU size of that immediate reply can be determined solely on the basis of
the negotiated DLCEP parameters.

3) advance to the next element of the sequence which was addressed by the received
ES DLPDU.

Otherwise, the DLE shall select the first member of the referenced Qa(UR) which has been
released for transmission and which requires full or partial transmission or retransmission.

c) If such a member exists, then
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1) the DLE shall transmit the DLPDU appropriate to the state of that member of that
QA(UR);

2) if the resultant transmitted DLPDU completes the transmission of a DLSDU (so that
no segments of that DLSDU remain to be transmitted), then the DLE shall

— advance that member of Qa(UR) to the already-sent partition, or remove it, as
appropriate to the type of member;

— notify the DLS-user of the request’s completion, if appropriate;

— advance to the next element of the sequence which was 4 sed_by-the re-
ceived ES DLPDU.

then

U (so
all no-

s of a
U, as
state

mem-

All oth

7.16.4.12.2 Additional considerations

The following considerations also apply:

i) If there are no additional members in the sequence, and if immediate retry of the cur-
rently-selected transaction is not possible, then the final-token-use subfield in that non-RT
DLPDU can be set to the value FINAL before transmission, thereby returning the delegated
token to the LAS DLE at the end of the current transaction.

i) If the sequence is completed, and the delegated token was not returned by setting a
final-token-use subfield to the value FINAL in the last DLPDU transmitted by the DLE, then
the DLE shall return the delegated token by transmitting an RT DLPDU.

iii) If at any time
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A) the remaining-duration down-counter, C(RD), is inadequate to permit any further use

by the receiving DLE;

B) the sequence contains additional members,

then the receiving DLE shall return the delegated token to the LAS by sending an Rl DLPDU
specifying the minimum delegation interval for token use required when the token is next

returned.

NOTE An RI DLPDU, which is sent to terminate use of a token delegated by an ES DLPDU, indicates to the
receiving LAS that sequence execution was incomplete and that another ES DLPDU, with a final-token-use

whfiald - cnaci L IVITaV ONT A chaould ba cant to thao cama NI CED ~ddracc

5P HyHG LAmEIAa-s—

7.16.4.2 Additional actions required of a Link-Master class DLE

None.

7.16.4.3 Additional actions required of a Bridge class DLE

a) [Since every Bridge class DLE has Link Master
7.16.4.2 also apply to a Bridge class DLE.

b) The DLE shall not forward the DLPDU.

7.16.4.4 Additional actions required of\the AS(DR

If the[DLE did not just send the DLPPU, then\the E shall drop the scheduler toke

deactjvate its role as LAS; and shall inform % ement of the event.

7.17 Return Token (RT) DAPDU

ions specif

ed in

n and

A RET i yrn the token delegated by a PT or ES DLPDU to
the LA PT or
ES Dl
NO PDU to
the

7.17.1

Table 20 — Structure of RT DLPDUs

frame
control

0011 0100

7.17.1.1 Frame control field

The frame control field shall specify the DLPDU'’s function.

7.17.1.2 Address field

The address field shall be null.

7.17.1.3 Parameters field

The parameters field shall be null.
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7.17.1.4 User data field

The u

ser data field shall be null.

7.17.2 Content of the RT DLPDU

The frame control field shall be encoded as specified in table 20.

The address, parameters and user data fields shall be null.

7.17.3_Sending the RT DI PDLJ

An Ri DLPDU results only from receipt of a PT or ES DLPDU. The RT DLP all-be's
specified in 7.15.4 and 7.16.4.

7.17.4 Receiving the RT DLPDU

A recg¢ived RT DLPDU shall be treated as follows by the receiying

7.17.4.1 Actions required of all DLEs

None.

7.17.4

None,

7.17 .4

a)

7.18

ent as

ed in

et the
(see

k and

Request Interval (RI) DLPDU

A REQUEST INTERVAL (RI) DLPDU is used to return a token delegated by a PT or ES DLPDU to
the LAS and to indicate the minimal useful delegation interval required for the next delegation.

NOTE The delegated token also may be returned by setting the final-token-use designator in any DLPDU to
the value FINAL, and then ceasing use of the delegated token after transmitting that DLPDU, or by sending an

RT

DLPDU.
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7.18.1 Structure of the Rl DLPDU

Table 21 — Structure of RI DLPDUs

frame
control parameters
0010 0000 DD-p

7.18.1.1 Frame control field

61158-4 © IEC:1999

The fi

7.18.1

The a

7.18.1

The p

7.18.1

The u

7.18.2

The f
null.

The p
curren

7.18.3

An RI

7.18.4

A recgived RI

7.18.4

ame control field shall specify the DLPDU’s function.

.2 Address field

ddress field shall be null.

.3 Parameters field

arameter field shall be structured and encoded as. s

.4 User data field

Ser data field shall be null.

Content of the RI DLPDU

ame control field sha

LPDU shall be treated as follows by the receiving DLE:

.J/Actions required of all DLEs

all be

of the

PNt as

None.

7.18.4.2 Additional actions required of a Link-Master class DLE

None.

7.18.4.3 Additional actions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions specified in
7.18.4.2 also apply to a Bridge class DLE.

b)

The DLE shall not forward the DLPDU.
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7.18.4.4 Additional actions required of the current LAS DLE

When the scheduler token is not dominant on the local link, then the DLE shall

a) if the token being returned was delegated by a PT DLPDU, then the DLE shall set the
value of the V(DTA)'th member of the remaining-token-holding-time-array, V(RTHA) (see
5.7.5.13), to account for the link capacity just used by the DLE;

b) if the token being returned was delegated by an ES or PT DLPDU, then the DLE shall
forward the DD-parameter field of this DLPDU, together with V(DTA), to the LAS DLE’s
upper-level functions (see 10.2.2) for attempted rescheduling;

c) the DLE shall assume that the scheduler token is again dominan ink and

requme active operation as the LAS.

7.19 CLAIM LAS (CL) DLPDU

A CLAIM LAS (CL) DLPDU is used by an LM DLE to initialize
prolorjged period of silence on the local link indicative of th

7.19.1 Structure of the CL DLPDU

Table ZZNUCM P@s
cfm \NSQSE\?&C;}&
OOOb 00 \& >

7.19.1.1 Frame contro| Yield

The fi
a)
b)

7.19.1.

The a

7.19.1.3, Rarameters field

The parameters Tield shall be null.

7.19.1.4 User data field

The user data field shall be null.

7.19.2 Content of the CL DLPDU

The frame control field shall be encoded as specified in table 22. The address field shall be the
NODE DL-address of the DLE which has detected the prolonged link inactivity, whose value is
the sender’s node-id, V(TN). The parameters and user data fields shall be null.

NOTE The primary purposes of the NODE DL-address in the CL DLPDU are

a) to permit improved detection of collisions during the LAS claiming procedure;
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b) to identify the DLE which detected inactivity to observing DLEs, which may have utility in real open systems

for identifying DLEs with particularly obstructive classes of PhE or DLE faults, sometimes character
“faulty transmitter” or “deaf receiver”.

7.19.3 Sending the CL DLPDU

A CL DLPDU shall result from the detection in an LM DLE of a period of node-id slot-

V(TN) x V(ST) octet-durations, of continuous link inactivity, implying failure of the previou
DLE, if any.

ized as

times,
s LAS

Upon such detection, the DLE shall immediately send one CL DLPDU, and shall again monitor
the medium for node-id slot-times, V(TN) x V(ST) octet-durations, of continuous link inactivity

after gending the first CL DLPDU.

was jyst sent), then the sending LM DLE shall immediately send a sg
after which the DLE shall choose a uniformly distributed random_i
three,| and shall monitor the medium for that many slot-time
durati
by oth

NO
by i

If no

that w

7.19.4

A recq

7.19.4

a)

7.19.4.

None

7.19.4.3, Additional actions required of a Bridge class DLE

s that
| PDU,
ero to
octet-
made

Choices

dress
e the

bp the

H Rl 1 o I el Lol g " loilik s ' (-
a) QINILT TVCTY DITUYT Uldsos ULL TTdos LITTR WIdSITT Lapauliity, adlly aClulls SPTUITicUu 1T 7

also apply to a Bridge class DLE.
b) The DLE shall not forward the DLPDU.

7.19.4.4 Additional actions required of the current LAS DLE

1.4.2

The DLE shall drop the scheduler token and deactivate its role as LAS; and shall inform local

DL-management of the event.
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7.20 Transfer LAS (TL) DLPDU

A TRANSFER LAS (TL) DLPDU is used by the current LAS DLE to transfer the scheduler token
and the role of LAS to another LM DLE on the local link. The TL DLPDU is sent only after
having been requested by the addressed LM DLE, and may be rejected if the addressed DLE
determines that its own copy of the local link’s schedule is not current.

7.20.1 Structure of the TL DLPDU

Table 23 — Structure of TL DLPDUs

Trame gestnation p
control NODE-address user data
0000 0110 N 5-SPDU

7.20.1.1 Frame control field

The frame control field shall specify

a) the DLPDU'’s function;
b) the DLPDU'’s implicit priority, which.i
c) the length, number and type of DLP

7.20.1.2 Address field

The afdress field shall co NODE DL-address.

7.20.1.3 Parametgys fi
The pprameters fl/:L\d >

7.20.1.4 User data fi

The user data fie of 64
octetdq or Je

7.20.4 Content.ofth

The flamecontrol fietd shall be encoded as specified in table 23. The address field shall be the
NODE |DL~address of the DLE to which the LAS role is being transferred. The parameterg field
shall be-null

The user data field shall convey a higher-level LAS-data-base-status SPDU (see B.3.2.3)
whose maximum size is limited as specified in 7.20.1.4, or shall be null. When present, the
contents of this SPDU shall reflect the most recent schedule construction activities, if any, prior
to sending the TL DLPDU.

7.20.3 Sending the TL DLPDU

The LAS DLE shall send a TL DLPDU in response to the receipt of an explicit scheduling
request received by the LAS from another LM DLE on the local link, requesting transfer of the
scheduling-token and the associated LAS role. It is a protocol error to send a TL DLPDU to a
non-requesting DLE.
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NOTE Such a request can only be made through a higher-level SPDU sent to the current LAS’ DL-support
functions. DL-management is not permitted to command such a transfer, though it may be able to prompt the
requesting LM DLE to request the transfer directly.

A TL DLPDU may be sent on the link when

a) the sending DLE, the LAS, holds a scheduler token which is the dominant token on the
local link;

b) the LAS DLE has completed the last cycle of “circulating the token”, and would otherwise
initiate the next cycle of “circulating the token” by explicitly sending a PT DLPDU to the

lo

c)
pe
of

immediate response from the addressed DLE.

After
respo

1)

2)

est-numbered NODE DIl -address rplnrpepntprl in \/(I ] );

NOTE

the remaining allocated duration of token usage before the
mits the LAS DLE to repeatedly send a TL DLPDU and mefitQr Y

value of the array V(RTHA) just before sending the TL DLPDU.

This restriction on transferring the role of LAS eliminates the need to transfer (reliably).the [current

gctivity
beriod
Dr any

sending a TL DLPDU, the LAS DLE shall monitg 8 diate-
hse-recovery-delay slot-times, V(IRRD) x V(ST) octet;durations,waiting for a response:

If a PhL-indication (see 5.4.3) r

— stop further monitoring;

— then wait for receip i ' END-
OF-ACTIVITY;

— then procged

If 1) does noj: )

i) if the bus i i at_that moment (that is, the last-received PhL-indicatipn re-
ported en the DLE shall proceed as in 4).

i<f i) dors RN implying that the link is still active at that moment (that is, the last-
receiv \ feapion reported START-OF-ACTIVITY), then

o) ROr impte
the DLE shall monitor the local link for a period of one additional slot-time, V(S[I) oc-
fet-durations, waiting for a Phl -indication:

entations that were not demonstrable on or before 31 December|1995,

A) If a PhL-indication reporting DATA is received, then the DLE shall proceed as in
1).

B) If a PhL-indication reporting END-OF-ACTIVITY is received, and A) does not apply,
then the DLE shall stop further monitoring and proceed as in 4).

C)If neither A) nor B) applies, and the monitoring period expires before a
PhL-indication is received, then the DLE shall
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— wait for receipt of the PhL-indication reporting END-OF-DATA-AND-ACTIVITY oOr
END-OF-ACTIVITY;

— then proceed as in 3).

B) Implementations that were demonstrable on or before 31 December 1995 alterna-
tively may just proceed as in a).C) when neither a).A) nor a).B) applies.

3) If the link activity was sufficient to infer that DATA was received as in 1), 2)ii)a)A) or
2)ia)C), then

Op itsScheduler

i) If the link activity did not result in a DLPDU, then the LAS DLE shg
S 3)i)B)

token and shall continue or resume monitoring the local link unii
oCCurs.

NOTE This monitoring provides for recovery of the LAS role when

A) If the monitoring DLE observes a DLPDU (wit e monjtoring

DLE shall cease monitoring for LAS role inform | local
DL-management of the event.
B) If the monitoring DLE observes a octet-
durations, of continuous non-a€tivity gm\ hall
k.
- LAS

me active operation as the LAS, and commence transmission on the lipk.

B) else if the received DI PDU is any other DI PDU _then the maonitoring DI H shall
cease monitoring for LAS role recovery, and shall inform local DL-management of the
event.

4) If there was no link activity, or the link activity was not sufficient to infer that DATA was
received as in 2)i) or 2)ii)a)B), then the LAS DLE may retry re-sending the TL DLPDU, up to
the number of times specified as the maximum-retry-count, V(MRC) (see 5.7.1.5), of the
local link.

If all attempted retries are unsuccessful, then the LAS DLE shall

— retain the scheduler token and continue active operation as the LAS;
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— inform local DL-management of the event;

— start the next transmission within token-recovery-delay, P(TRD) x V(ST) octet-

durations, of the beginning of the current period of link non-activity.

7.20.4 Receiving the TL DLPDU

A received TL DLPDU shall be treated as follows by the receiving DLE.

7.20.4.1 Actions required of all DLEs

The OLPDU shall be reported to the DLE’s local DL-management.

7.20.4.2 Additional actions required of a Link-Master class DLE

If the |[destination DL-address specified by the DLPDU designates<the
then

a) |f

3) if the schedule construction and |

et o

delay slot-tim
status of “failur

b) Otherwise, S 5t_apply, then the receiving DLE shall assume the sch

token, ac faits s, and re-commence operation as the LAS.

7.20.4.2-also apply'to a Bridge class DLE.

b) [Che’ DILE shall not forward the DI PDU

thgn the receigg} L ¢ | n SR DLPDU within a period of maximum-resg

dress,

com-
] con-

base-
2S not

onse-
with a

eduler

ed in

7.20.4.4 Additional actions required of the current LAS DLE

If the DLE did not just send the DLPDU, then the DLE shall drop the scheduler token and

deactivate its role as LAS; and shall inform local DL-management of the event.

7.21 Wakeup (WK) DLPDU

A WAKeUP (WK) DLPDU is used by the current LAS DLE to stimulate a class B or class C
fractional duty cycle (FDC) DLE on the local link (see 3.3.32) to transition to a fully operational

state, capable of direct communication.
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Transmission of the WK DLPDU usually occurs as a result of previous explicit scheduling,
either by the addressed FDC DLE or by DL-management. However, the LAS DLE, which must
also be a bridge DLE to support FDC DLEs, may transmit the WK DLPDU on its own initiative,
typically when its bridge-function’s queue of DLPDUs waiting for transmission to the FDC DLE
exceeds some internal threshold.

7.21.1 Structure of the WK DLPDU

Table 24 — Structure of WK DLPDUs

frame destination
COTILrol NODE-aUUress
0000 0000 N

7.21.1.1 Frame control field

The frame control field shall specify
a) the DLPDU'’s function;

b) the DLPDU'’s implicit priority, which is URGENT;

c¢) the length, number and type of DLPDU

7.21.1.2 Address field

The afdress field shall co ODE DL-address.

7.21.1

The p

7.21.1.

The u

7.21.2

The f be the
NODE |DL-address<of the DLE which is to receive the WK DLPDU. The parameters and user
data flelds shall be null.

NO[EL"The specific encoding of the WK DLPDU minimizes the amount of active DLPDU-recognition gircuitry
required within a “sleeping” FDC DLE.

7.21.3 Sending the WK DLPDU

The LAS DLE shall send a WK DLPDU when requested by prior explicit scheduling. The link
capacity used for sending the WK DLPDU shall be deducted (to the extent possible) from the
remaining allocated duration of scheduler token usage for scheduled traffic, which is
V(MST) x V(TTRT) octet-durations, within the current cycle of “circulating the token”.

A bridge DLE may also send a WK DLPDU when so requested by the DLE’s own bridge-
forwarding functions when the DLE holds a scheduler token or delegated token which is the
dominant token on the local link, and when the remaining allocated duration of token usage
prior to the next scheduled activity permits completion of the DLPDU’s transmission prior to
expiration of the token.
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7.21.4 Receiving the WK DLPDU

A received WK DLPDU shall be treated as follows by the receiving DLE:

7.21.4.1 Actions required of all DLEs

If the destination DL-address specified by the DLPDU designates the DLE’'s NODE DL-address,
then the DLE shall activate the remainder of its DLE functions and prepare for active
communication on the local link.

NOTE Receipt of this DLPDU has no impact on non-FDC DLEs.

7.21.4.2 Additional actions required of a Link-Master class DLE

None.

7.21.4.3 Additional actions required of a Bridge class DLE

a) [Since every Bridge class DLE has Link Master capabi ed in

7.21.4.2 also apply to a Bridge class DLE.
b) [The DLE shall not forward the DLPDU.

7.21.4.4 Additional actions required ofthe cur S D

None.

7.22 |pLE (IDLE) DLPDU %
An IDIE DLPDU is used byxthe surrent token hotdento’place a DLPDU on the local link which is

ignorgd by all DLEs, ofher than tor its img : which
may donvey informatio i

7.22.1 Structure

Structure of | bLe DLPDUs

frame
control user data
0001 OF10 o-DLSDU

7.22.1.1, Frame control field

The flalllc bUIItIU: fu::d D:ICA“ apcuif_y

a) the DLPDU'’s function;
b) whether or not transmission of the current DLPDU terminates use of a delegated token.

7.22.1.2 Address field

The address field shall be null.

7.22.1.3 Parameters field

The parameters field shall be null.
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7.22.1.4 User data field

The data field shall consist of a single DLSDU whose maximum size is the maximum permitted
for an URGENT priority DLPDU. This data field may be null.

7.22.2 Content of the | bLE DLPDU

The frame control field shall be encoded as specified in table 25. The address and parameter
fields shall be null.

The contents of the user data field, possibly null, is not specified by this standard.

7.22.3 Sending the | bLE DLPDU

An IDLE DLPDU may be sent on the link when the sending DLE
delegated token which is the dominant token on the local link,\and

sion pgrior to expiration of the token.
NOE The LAS DLE uses the IDLE DLPDU to fill otherwise unused linR\Cg y i i he next

schieduled link activity, thereby preventing other DLEs from jn 3 \ 'sNa lack of
activity on the link. To facilitate this use, the IDLE DLPDU has/a m|n|mu n_sizelof one\octet.

A locgl management request may result in the tr

b sent
of the

If the DLE holds a delegated token, andthi
on this use of the delegated token, then
IDLE DLPDU to the value FINAL; else that su

7.22.4 Receiving the | DLE

A recegived IDLE DLPDU

A Actions@'

7.22.4

The D ing or

.3 Additional™attions required of a Bridge class DLE

a) Since every Bridge class DLE has Link Master capability, any actions speciffed in
7.22.4.2 also apply to a Bridge class DLE.

b) The DLE shall not forward the DLPDU.

7.22.4.4 Additional actions required of the current LAS DLE

If the final-token-use subfield of the received DLPDU has the value FINAL, then the LAS DLE
shall

a) assume that the current use of the delegated token is terminated as if the token had
been returned by an RT (see 7.17) DLPDU;
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b) assume that the scheduler token is again dominant on the local link and resume active
operation as the LAS.

7.23 Spare DLPDUs

A SPARE DLPDU is reserved for future standard use, and may not be sent by any DLE.

7.23.1 SPARE DLPDU code points

Table 26 — Assumed structure of undefined (spare) DLPDUs

format frame
control

1 0000 O0x11

2 0010 0x01

3 00xx 1xxx

4 0100 xxxx

5 101x xx00

A SPARE DLPDU shall consist of a frame control f ed for

future| standard use.

The flame format and contents of spare cs i sed in
a revision of this technical specification im

7.23.1.1 Frame control fié

The ffame control fiel specify\the™NDLRDY’s function — reserved spare. No DLPDU
priority is implied.
7.23.1.2 Address ;I

The a

7.23.1.

The p

7.23.1

The upefdata field shall be null.

7.23.2 Content of a S PARE DLPDU

The frame control field shall be encoded as specified in table 26. The address, parameters and
user data fields shall be null.

7.23.3 Sending a S PARE DLPDU

SPARE DLPDUs may not be sent or forwarded.

7.23.4 Receiving a S PARE DLPDU

A received SPARE DLPDU shall be treated as follows by the receiving DLE.
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7.23.4.1 Actions required of all DLEs

The DLE shall ignore the DLPDU on receipt, except for possible local management reporting or
special instrumentation purposes.

7.23.4.2 Additional actions required of a Link-Master class DLE

None.

7.23.4.3 Additional actions required of a Bridge class DLE

a) Bince every Bridge class DLE has Link Masier capablility, any aciions specifled in
7.23.4.2 also apply to a Bridge class DLE.

b) [The DLE shall not forward the DLPDU.

7.23.4.4 Additional actions required of the current LAS DLE

None.

7.24 Reserved (not to be used) DLPDUs

A REYERVED (NOT TO BE USED) DLPDU i
by any DLE.

P sent

7.24.1 RESERVED (NOT TO BE USED) DLP.

>0000 0010

0000 010x

0010 001x

0010 0100

0011 0000

0101 1x00

1001 1x00

110x 1x00

The FC code point for a RESERVED (NOT 1O BE USED) DLPDU shall not be used; these code
points are reserved to simplify decoding of the FC octets of other defined DLPDUs. The set of
such reserved code points is shown in table 27.

The frame control field shall specify the DLPDUs function — reserved (not to be used). It shall
not be used.

NOTE Since these FC code points are reserved to simplify DLE FC-code-point decoding, their recognition as
being distinct from structurally related FC code points cannot be mandated.

7.24.2 Content of a R ESERVED (NOT TO BE USED) DLPDU

No content is defined, since DLPDUs with these code points may not be originated.
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7.24.3 Sending a R ESERVED (NOT TO BE USED) DLPDU

DLPDUs specifying RESERVED (NOT TO BE USED) FC code points shall not be originated.
However, they may be forwarded by a bridge if they were not discarded upon receipt.

7.24.4 Receiving a R ESERVED (NOT TO BE USED) DLPDU

If the receiving DLE distinguishes between RESERVED (NOT TO BE USED) and other DLPDUs,
then the DLE should ignore the RESERVED (NOT TO BE USED) DLPDU on receipt (except for
possible local management reporting or special instrumentation purposes). However, the ability
to make such a distinction and to perform such discarding is not required.

@%
S
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8 DLPDU-parameter structure and encoding

Boolean variables are all encoded with a common representation:

0: FALSE

1: TRUE

The 3-bit DL protocol version number (VVV), which is used in a number of the DLPDU
parameters and SPDUs (see annex B). shall have the value one (1).

8.1 §

An E(
betwe]

tructure and encoding of EC-P  ARAMETERS

[ DLPDU is used to establish a peer DLC between two DLS-us
en a publishing DLS-user and subscribing DLS-users.

er DLC

Table 28 — Structure of an EC DLPDU’ rameters

DLC basic attributes DLC attributes when SW\Wi ute\s\vMeceiving

The ¢onnection parameters (EC-para wn in
table P8, shall specify the parameters
a) [The first two octets, ordered as shown in tahle of the
DLIC, beginning with the DL protocol veru
Table 29 —
N o\
Rleply ublisher-DL caddpress Path )
Repuest (%Re se Disefimingtor Diversity DL Protocol Version Number

AN

2) a-3-bit pu
cufrent set of EC-parameters associated with a PUBLISHER DLCEP-address

i
@,
c
[9>)
—
[%2]
c
i
o

—~
2y

“\/
[%2]

©
D
o
=

=.
=]

(o]
=
>
0]
—
=0
D
=
o]
=
D

=2

<
&
—
(1]

Qo
c
D
2]
—
D
o

—~

1
[y
~
o
=
>
]
—
—~
1l
o
}/

ovided to ensure proper action independent of any state of the receiving DLICEP.

isher-DLCEP-address reuse-discriminator subfield (NNN), designating the

i) encoded as zero, when the sender’s DLCEP-class (CC) is not PUBLISHER,;

ii) assigned by the DLE, when the sender’s DLCEP-class (CC) is PUBLISHER

NOTE The DLE assigns a value to this subfield whenever it receives a request to initiate a new
PUBLISHER DLCEP from either a local DLS-user in a DL-CONNECT request primitive, or from a remote
DLS-user in an EC DLPDU. The choice of value can be random, or can be based on knowledge of re-
cently used values which the DLE avoids.

This subfield is used to discriminate between two different DLCs using the same publisher-DLCEP-
address. This could happen when the first DLC had been disconnected and the publishing DLE used the
same DLCEP-address for establishing the second DLC, which is different from the first DLC. If a sub-
scriber to the first DLC did not receive the DC DLPDU for that DLC, it could use this field of the just re-
ceived EC DLPDU to determine that the received EC DLPDU is for a different DLC. Therefore, if the
publisher-DLCEP should send an EC DLPDU for the same DLC, it does not change this subfield.
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3) a one-bit DLL path-diversity subfield (Q), encoded as:
0: ANY-PATH;

1: THIS-PATH — use the path on which this EC DLPDU was received;

NOTE This subfield provides a means by which a DLE can restrict all communications at a DLCEP to a
specific DL-path, thereby providing a means for testing the specific DL-path. The means by which the
THIS-PATH value is selected, and by which the actual path employed is chosen, is a DLE-local issue.

4) a 3-bit DL protocol version number (VVV), whose value is specified at the beginning of
tause 8,

Table 30 — EC-parameters: 2nd octet

ARG

sender’s DLCEP class DLL Priority DLL Address Size & \NUNN%)}

cc PP ss< \ x>§

AN

5) a two-bit sender’'s DLCEP-clag

00: reserved for future standa

01: PEER DLCEP

10:

11:

11: TIME-AVAILABLE (low) priority;

7) a two-bit DLL address size subfield (SS), encoding the proposed DLL address size
(see 6.2.1.1) as:

00: VERY-SHORT — addresses are omitted where possible;
0l1l: SHORT;
10: LONG;

11: reserved for future standard use;
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b)

confirm delay, in units of 1ms, for the sender's DL-Co (
DLt SUBSCRIBER-QUERY request primitives, and DL-DATA reque imi peg
The DLS-user value UNLIMITED shall be encoded as the value FF ¢

8) a two-bit DLPDU-authentication subfield (XX), encoding the required DLPDU authenti-

cation (see 5.2.4) as:
00: ORDINARY;
01: reserved for future standard use;
10: SOURCE;

11: MAXIMAL,;

The next four octets, ordered as shown in tables 31 and 32, specifythe (ma

Table 31 — EC-parameters: 3rd and

imum

and

tively.

$ender’s Maximum Confirm Delay for DL-C  ONNECT, DL-R;S’Eﬁn\}BJ\-S&SC\MERY requests

MCD_CRS ( N )

5] 14 18 12 11 10 9 8 (\\6/ 5 N 3 2 1
ang
T?}#\SZ ﬁaras: d 6th octets
,S{enc%*'\s M\AxirPJ.(n (%Q\\fmkDela)Jfor DL-D ATA requests
NN N
15 1413&}2{11& 79 \8/ 7 06 | 5 4 | 3 | 2 |1

c)

attfi der’s se€nding direction of data flow:

NOTE Each{wo-gctet m delay is sent most-significant-octet first.

Table 33 — EC-parameters: 7th octet

posed

Sender’s Sending DLC Attributes

DICEP Data Residual Queue / L L .
Delivery Features Activity Buffer T GATTIIT TR =1es
TTg As Bsg WWWWg
7 6 5 4 3 2 1 0

1) a two-bit sending DLCEP data-delivery features subfield (TTg), encoded as:
00: UNORDERED DLC;
01: ORDERED DLC;

10: DISORDERED DLC;
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11: cCLASSICAL DLC;

2) a one-bit residual activity subfield (As), indicating whether residual activity in the

specified (sender-to-receiver) direction will be provided when there are no unacknow-
ledged DLSDUs, encoded as a Boolean;

NOTE Residual activity is required when MAXIMAL DLPDU-authentication is specified, or upon DLS-user
or DL-management direction. Other methods of requesting residual activity are for future study.

3) a one-bit buffer/queue subfield (Bs), indicating whether the source in the specified
(sender-to-receiver) direction is a buffer (=1) or a queue (=0);

1) a four-bit window-size subfield (WWWWsg), indicating the maxi umber-_gf pre-

viously sent DLSDUs which will be available for retransmission ed as zero
when transmission in that direction is not permitted on the DLC;

Table 34 — EC-parameters: 8th oct

TS
Sender’s Sending DLC Attributes (@t.\\ \ \
i in&

. 2-way data i \/
basic-DLC-parameters format exchange reseryed helu Time stamp format

FFFg Es r\v A C& HHg

the\ desired format of the basictDLC-
(SD-parameters) in the specified di-

mat D — [8.4.2.1D)];

format E — [8.4.2.1E)];

P

format & 12 42 1K\
ro+HHattt o VAE

Chm ey~

7 format G — [8.4.2.1G)].

6) a one-hit 2-way data exchange subfield (Eg), indicating whether DLSDU data may be
sent in the sender-to-receiver direction by ED DLPDUs, encoded as a Boolean;

7) a one-bit subfield reserved for future standards use, encoded as zero;

8) a one-bit timeliness-included subfield (Gs), indicating the presence of a timeliness

parameter (see 8.4.2.1B)3) and 8.4.2.1C)5)) associated with transmitted DLSDUs in
transmitted DLPDUs, encoded as a Boolean;
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9) a two-bit time-stamp-format subfield (HHg), indicating whether a DL-time-stamp (see
8.4.2.2) is included in SD-parameters which accompany transmitted DLSDUs, encoded
as:

00: format J — [8.4.2.2J)], which is a null field with no time stamp;

01: format K — [8.4.2.2K)], which is a two-octet field with a time stamp
period of over 2 s;

10: format L — [8.4.2.2L)], which is a three-octet field with a time stamp

HP | £ o
PETTUU UT UVTT O TITITT,

11: format M — [8.4.2.2M)], which is a six-octet fie ith axtime ptamp
period of over 100 years;

Table 35 — EC-parameters: 9th and 10th<(c\l‘e&

N
Sender's Sending DLC Attributes (@t.) \ \ \
Maximum DLSDU S)'ze/\ N \
M...Mg \/

N e NTNB/IRY | B [ 2 [ 2 |1 []o
_

15[ 14 | 13 | 12 | 11 | 10

10) a two-octet subfield (M... maximum size DLSDU that can be

sent on the DLC.
EN zero

wn in

d) [The next fonr o
flow:

talles 36 to 38,

@N

Tabkle 36 — EC-parameters: 11th octet

/\ \\ \ Sender’s Receiving DLC Attributes
DL P&a& \)%esidual Queue / . ) )
Delivery tares Activity Buffer Maximum Window Size
TIR AR Br WWWWR
7 6 5 4 3 2 1 0

1) a two-bit receiving DLCEP data delivery features subfield (TTR), encoded as specified
in c)l);

2) a one-bit residual activity subfield (AR), indicating whether residual activity in the
specified (receiver-to-sender) direction is required, encoded as specified in ¢)2);

NOTE See NOTE after c)2).

3) a one-bit buffer/queue subfield (BR), indicating whether the sink in the specified (re-
ceiver-to-sender) direction is a buffer or a queue, encoded as specified in ¢)3);
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4) a four-bit window-size subfield (WWWWR), indicating the maximum number of unac-

knowledged DLSDUs which can be usefully received;

Table 37 — EC-parameters: 12th octet

Sender’s Receiving DLC Attributes (cont.)
. 2-way data Timeliness .
basic-DLC-parameters format exchange reserved included Time stamp format
FFFR ErR 0 GR HHR
Z 6 5 4 3 2 1 .

included in SD-par
€)9);

ab

heters

ay be

ceived
1 with

ified in

/\ Se%c@r‘s:%ce}ing DLC Attributes (cont.)

/\ yaximum DLSDU Size

M...MR

15}4\13\\&\11\4098765432

received on the’DLC.

NOTE See notes following ¢)10).

an be

8.2 Structure and encoding of DC-P ARAMETERS

A DISCONNECT CONNECTION (DC) DLPDU is used to disconnect an existing or proposed DLC.

The Disconnect-Connection-parameters (DC-parameters) field shall specify the desired DLC-
support action and reason, together with any associated operational parameters. This

parameter field is two octets, ordered as shown in tables 39, 40 and 41.
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Table 39 — DC-parameters and RC-parameters: 1st octet

Reply

Request reserved DL Protocol Version Number

R 0000 VvV

7 6 | 5 | 4 | 3 2 !

a) a one-octet subfield, coded as in table 39, consisting of

1) a one-bhit subfield (R) snecifvinawhether a renlv is reauested (=1) or not (=0)
7 \ 7 L P4 ~J | il 4 | \ 7 \ 77

NOTE This field is provided to ensure proper action independent of any state df the rev

clause 8;

Table 40 — DC-parameters and RC-pafam

iving/DLCEP.

3) a 3-bit DL protocol version number (VVV), whose valugi ifiedhatthe Weginning of

Reason forpl:f&u)/ A

7 6 5 NN N S 1

b) g one-octet subfield, s
on|18.2.3 and 18.2.4 of
unbised reason codes i

equested DLC support action, pased
exadecimal as specified in table 41. All
al range 40 to 7F are reserved for [future
to 3F may be used as desired, and dan be

int
8.3 S
A RES DLC.
The R € ipport
action with any associated operational parameters. This parameter field is

fou

ro n in tables 39, 40, 42, 43 and 43b:
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a) A one-octet subfield, coded as specified in 8.2a).

Table 41 — Disconnect reasons

61158-4 © IEC:1999

. Reason Class | Mapping to
code Reason for disconnect IEC 61158-3

00 [user-originated disconnection — normal condition user-originated | 18.2.5b)1)

02 |user-originated disconnection — abnormal condition disconnection 18.2.5b)2)

1E |user-originated disconnection or connection rejection — reason (00 .. 1F) 18.2.5b)7)
unspecified

20 [|user-originated connection rejection — connection not authorized, ted 18.2.9b)4)
permanent condition

21 ||user-originated connection rejection — unacceptable QoS, permanent .5b)4)
condition

22 ||user-originated connection rejection — non-QoS reason, permanent 5b)5)
condition

24 ||user-originated connection rejection — transient condition \ . .5p)6)

40 |[provider-originated disconnection — incorrect DLCEP pairin e an&n\ \) 18.2.58)1)
condition }J—K N

41 |[provider-originated disconnection — wrong publisher DLUCEPFaddres 18.2.9a)1)
reuse-discriminator, permanent condition

42 ||provider-originated disconnection — offiergerm t cenditigh provider- 18.2.5a)1)

)\/ originated

43 ||provider-originated disconnection — wro mat disconnection 18.2.5a)1)
parameters, permanent condition

44 ||provider-originated dISCO ectlon — wrang Wﬂent (40 .. 5F) 18.2.5a)1)
condition

45 || provider-originated F\sc%c% — traandmo 18.2.5@a)2)

46 provnder-ongmated@s}&xfhe\éug Xr}sgut 18.2.5a)3)

5E provider-orl@d conneg€tion Qf, €0 \NQ}/rejectlon — reason 18.2.58)12)
unspecified

60 ||provider- ong;;vﬁ\\su:o\gcmrejec Z— DL(SAP) address unknown 18.2.5R)5)

62 ||provider-grigihated connection Mn — DLSAP unreachable, provider- 18.2.5p)6)
permar{eﬁt\so\ itio originated

64 || proxider-Qrigi a\§\00 necMe]ectlon — DLSAP unreachable, connection 18.2.58)7)
transie n&QQ

65 || provi -orémat Mctlon rejection — inconsistent DLCEP state, rejection 18.2.5p)8)
permanentyconditi

66 provider-originM connection rejection — QoS unavailable, permanent (60 .. 7D) 18.2.5p)8)
condition

68 plUViu‘t:l'UligillcllULj LUIIIICLliUII ICjCLliUII — YUo uuavaiia'uic, LIcllIbiCIIL J.O.L.Z):l)g)
condition

7E |disconnection or connection rejection, unknown origin — reason unknown origin 18.2.5¢)

unspecified

or type
(7TE .. 7F)

b) A one-octet subfield, specifying the reason for the requested DLC support action, based
on 19.3.2.3 and 19.3.2.4 of IEC 61158-3, and coded in hexadecimal as specified in table 42.
All unused reason codes in table 42 in the hexadecimal range CO to FF are reserved for
future standards use; the other codes in the range 80 to BF may be used as desired, and
can be interpreted as reason unspecified (by this part ofthis technical specification).
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Table 42 — Reset reasons

high-order three §
bit$

c) A one—oct%;\\;? ,
segj]uence num ~
of NDS) and sha

© 43b — RC-parameters: 4th octet

Reason Class | Mapping to
code Reason for reset IEC 61158-3
80 |user-originated reset — resynchronization after user timeout 19.3.2.4b)1)
82 |user-originated reset — resynchronization after user-detected user-state | US€r-originated | 19.3.2.4b)2)
inconsistencies reset
9E [user-originated reset — reason unspecified (80 .. BF) 19.3.2.4b)3)
CO |provider-originated reset — resynchronization after activation of a 19.3.2.4a)1)
DL-management-established DLCEP
C2 [[provider-originated reset — resynchronization after timeout 19.3.2.4a)2)
C4 ||provider-originated reset — resynchronization after maximum number of 19.3,2.4a)3)
retransmission requests or attempts
C6 ||provider-originated reset — resynchronization after detected sequence 19.3.2.4a)4)
number error
C8 ||provider-originated reset — resynchronization after other detected >19.3.2.4a)5)
DLCEP state inconsistencies
FC ||provider-originated reset — reason unspecified \ 19.3.2.4a)7)
FE |[|reset, unknown origin — reason unspecified “mg:*gwnlgg)gi” 19.3.2.4a)1)
Table 43 @&{@s é @e?
Modulus Number Pre}eémg M\&kSD\\o be\Se/nt, if any
any value \) NDS mod 25
7 6 - \\,3> 2 1 0

pf the

edingcthe sequence number of the next DLSDU to be sent. The
have any value (for example, the next highertorder

\ \ \\WJdu@s Number of Last Complete DLSDU Received, if any

\w'% NDR mod 2°
7 6 5 4 3 2 1 0

d) A one-octet subfield, specifying, in its low-order bits, the five low-order bits of the
sequence number NDR of the last DLSDU received, if any. The high-order three bits of this

octet may have any value (for example, the next higher-order bits of NDR)
ignored on reception (see table 43b).

8.4 Structure and encoding of SD-Parameters

8.4.1 SD-Parameters in DLPDUs addressed to a DL(SAP)-address

and shall be

A COMPEL ACKNOWLEDGMENT (CA) DLPDU addressed to a DL(SAP)-address is used as the first
phase of the remotely confirmed unitdata transfer service to transfer (or retransfer) a limited
amount of transparent user data from one DLS-user to another DLS-user and to request the

status of the transfer from the receiving DLE.
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A CoMPEL DATA (CD) DLPDU addressed to a DL(SAP)-address is used as the first phase of the
unitdata exchange service to request the immediate transfer (or retransfer) of a limited amount
of transparent user data from one DLS-user to another DLS-user. A CD DLPDU always
contains a non-null SD-parameters field.

An EXCHANGE DATA (ED) DLPDU addressed to a DL(SAP)-address is used as the first phase of
the unitdata exchange service to transfer (or retransfer) a limited amount of transparent user
data from one DLS-user to another DLS-user, and to request the immediate transfer (or
retransfer) of a limited amount of transparent user data from that second DLS-user to the first
DLS-user. An ED DLPDU always contains a non-null SD-parameters field.

A DA (DT DtPDU=addressettoa DE(SAP)address s used

1) to transfer a limited amount of transparent user data from one S DUS-user to
onge or more other DLS-users without establishing or later releasing’\a\D

2) s the second phase of the unitdata exchange service of re , tdata-
trapsfer service to acknowledge the transfer of such data withos later
releasing a DLC.

The OLPDUs of 1) always contain a null SD-parametg bntain
a noninull SD-parameters field.

NOJE These DLPDUs are also used withipr'the
The vprious SD-parameter formats, and i ¢ i i hd ED

DLPDUs addressed implicitly or explicitfy to a DL
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Table 44 — Structure of connectionless-mode CA, CD, DT and ED DLPDUs

Connectionless-mode DLPDUs
format frame d-DLSAP- s-DLSAP- parameters user data
control address address
1 CA [HL.IN.S [HL.IN.S format R DLSDU
2 cD [HL.IN.S [HL.IN.S format R —
3 ED [HL.IN.S [HL.IN.S format R DLSDU
4 DT 1 [HL.IN.S [HL.IN.S format P DLSDU
5 DT 2 [HL.IN.S — format U /o’-DhiDU
6 DT 3 implied PSA — format U/\ * =
format SD-pa@m{t%
nomDLC-

It ip always used in D3
angl 1s).

b) [The initiator orms
phase of the tw S
unitdata-transfer gerwi
haye two expligi

a) [The null format, for IO % S sed for the unitdata transfer service.

ats 1L

e first
irmed
lways

Table 45 —
DLSDU priority o , Lo
reserve and presence initiator’s transaction index
2z > PP N(LTI)
7 L6 5 4 3 L2 1

The octet comprises

1) a two-bit reserved subfield, reserved for future standards use, which shall be zero;

2) a two-bit DLSDU-priority-and-presence subfield, specifying the presence and DLL

priority of the accompanying DLSDU (see 6.2.1.3), encoded as
00: no accompanying DLSDU;

01: URGENT (high) priority accompanying DLSDU;
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10: NORMAL (medium) priority accompanying DLSDU,;
11: TIME-AVAILABLE (low) priority accompanying DLSDU,;

3) a four-bit transaction-index subfield, specifying the transaction index assigned during
CA, CD or ED formation and transmission as specified in 7.4.3, 7.5.3 and 7.6.3.

c) The responder format, format U (see table 46), of length one octet, is used for the
second phase of the two-phase transaction required for unitdata-exchange and remotely-
confirmed unitdata-transfer services. It is always used in DT DLPDUs which do not have an

ex Leit caorea-addrace (caa 7 7 1 farmate 21 2¢ and 4)-
eSO U e aareSS( S e—— =10t === are—4-

status

XXXX
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Table 47 — Reply status for unitdata-acknowledgment and
exchange-unitdata-reply DT DLPDUs

Short o hexadecimal Mapping to
Name Definition coding IEC 61158-3
OK success — no reply data available at responder or service does not 0 24.1.2.6a)

provide this information 24.2.2.5a)

OK_U |success — URGENT priority reply data available at responder 1 24.2.2.5a)
OK_N |success — NORMAL priority reply data available at responder 2 24.2.2.5a)
OK_TA |success — TIME-AVAILABLE priority reply data available at responder 3 24.2.2.5a)
RR failure —resource limitation in responder — no reply data available at 4 24.1:2.6j))

responder or service does not provide this information (note 1) f\ 24¢2:2:5m)

RR_U (failure —resource limitation in responder — “5 4/2.2.5c)
URGENT priority reply data available at responder (note 1) /\ Q

RR_N [failure —resource limitation in responder — \24\;2 bc)
NORMAL priority reply data available at responder (note 1) /\

RR_TJA [failure —resource limitation in responder — \ 7 24.2.2.5c)
TIME-AVAILABLE priority reply data available at responder (nol<1\ \
RF failure —fault in responder N \W 24.1.2.6k)

A~ 24.2.2.%e)
RI failure —responder DL(SAP)-role incompatible wi h\igl&P Ui (not 9 24.1.2.69)
2) 24.2.2.5h)

RA failure — response restricted to a differen LS P-ad ess A 24.2.2.59)
(note 3)

— reserved for compatibility with the SRFDLPDU’s status — not B
available for other use (\

BE | |failure — fault in inte{é&ij{lry/b’rmge\\ \) \> c 24.2.2 bf)
BR failure — resourcg limi tiorN] interme 'W D 24.1.2.6n)
F\ 24.2.2.5f)
BOK] reservedf I'terig succe inte Widge is forwarding E
transacti
DR interim success — delayed. ’re tion needs more time to F
prepare re

NOTE amaddfessed responder cannot buffer the received DLSDU (possibly
becau iOR). In'such a case the responder is not perm|tted to send a DLSDU in reply
NOTE i
DLSAH

NOTE
DLSAH

rated only when the DL(SAP)-role associated with the received destination
RESPONDER.

8.4.2 |SD+-Parameters in DLPDUs addressed to a DLCEP

A COMPEL ACKNOWLEDGMENT (CA) or EXCHANGE DATA (ED) DLPDU addressed to a DLCEP is
used to transfer (or retransfer) a limited amount of transparent user data from one DLS-user to
one or more other DLS-users and to request the status of the remote DLCEP.

A COMPEL DATA (CD) or EXCHANGE DATA (ED) DLPDU addressed to a DLCEP is used to
request the immediate transfer (or retransfer) of a limited amount of transparent user data from
one DLS-user to one or more other DLS-users. A CD DLPDU may contain an SD-parameters
field; a CA or ED DLPDU always contains an SD-parameters field.

A DATA (DT) DLPDU addressed to a DLCEP is used to transfer a limited amount of transparent
user data from one requesting DLS-user to one or more other DLS-users within the context of a
DLC; or to acknowledge the transfer of such data within the context of a DLC. These DLPDUs
always contain an SD-parameters field (which may be null).
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All four types of DLPDU assist in the synchronization of DLCEPs and of their DLS-users:

NOTE These DLPDUs are also used outside the context of a DLC to provide DL-UNITDATA services.

a) When a CD DLPDU is being sent by an LAS DLE, or such a DLPDU is being forwarded
by a bridge, then the DLPDU shall not contain an explicit source DLSAP-address and its
parameter field (SD-parameters) shall be null.

b) When a CA, CD, DT or ED DLPDU is being sent from a DLCEP, or being forwarded by a
bridge, and the DLPDU does not contain user data, then the negotiated parameter field shall
be present, and shall have two subparts:

1) the first shall have fixed structure and length [formats A — G] as dg
DLC establishment process (see 8.1c¢)5) or 8.1d)5));

ing the

2) the second either

— shall have the fixed structure and length [formats J e DLC

establishment process (see 8.1¢)5) or 8.1d)5)), or.
— shall be the null format, format J.

c) In all other cases, the negotiate i , e two
subparts each Wlth fixed struct i rmats

d) JAll DLEs shall support formats A,(C,

e) PDLEs which sup other

thgn none sh UpPE

The vjrious SD-para nd ED

DLPDUs, are sho
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Table 48 — Structure of connection-oriented CA, CD, DT and ED DLPDUs

Connection-oriented DLPDUs
format frame d-DLCEP- s-DLCEP- Parameters user data
control address address

1 CA1l [HL.IN.S [HL.IN.S parameters o-pDLSDU
2 CA 2 [HL.IN.S — parameters o-pDLSDU
3 Ch1 [HL.IN.S [HL.IN.S o-parameters —
4 CDh 2 [HL.IN.S — o-parameters —
[ ED 1 [HI IN S [HI IN S parameters pDI SDU
6 ED 2 [HL.IN.S — parameters PﬁtSD\U
7 DT 1 [HL.IN.S [HL.IN.S parameters /\i-pI?J\SDU
8 DT 2 [HL.IN.S — parameter o-pb\Sbl{
9 DT 3 [HL.IN.S param/eQrs oﬁxQL&w
10 DT 4 implied PSA — paraﬂw\eters c\QDbS@U>
11 DT 5 implied PDA | parametersy, [“o-pRLSDU

7N

format

SD-

basic-DLC- pararpéas\

}

/ A\
( w ‘\ygDU source-time-stamp

—(null)>

c NDR RSN N

NDR RSN |
E NDR RSN
F

DL-%%time

8.4.2.1 Parameters conveying DLCEP state and DLSDU timeliness

The formats for the first subpart of the SD-parameters have been given names that reflect their

expected usage. These formats are:

A) the null format, format A, of zero octets in length;

B) the short format, format B (see table 49), of length one octet, is as follows:
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Table 49 — Short format SD-parameters for DLCEP state
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Modulus Number of Modulus Number of

Retransmit Acknowledg Timeliness Post-acknowledged Associated DLSDU or of
e or Requested DLSDU Highest-numbered DLSDU Sent
J K T NDR mod 22 NDS mod 23
7 6 5 4 |3 2 1 | o

1) a one-bit retransmission-request (selective-reject) subfield, requesting (when J=1)
retransmission of the NDR’'th DLSDU;

C)

were met;

NOTE DLSDUs sent frg
transmission.

The long f(@,

Table —

1) a two-bit subfield, specifying the low-order t
the DLSDU being requested, or of the DLSDU 3

2) a one-bit acknowledgment subfield, acknowledging (when K=1) that at DLSD
fore the NDR’th have been received and reported to the DLS-use

s be-

origi-
riteria

¢ number NDR of
knowledged, o

both;

NDS
bered

zZero.

before

AN —
PJst-acknm&eqﬂezte DLSDU Zero-based Requested Segment Number
NN,
7 RN 4 3 2 1 0

1)/a-four-bit subfield, specifying the low-order four bits of the sequence number
thevDLSDU being requested, or of the DLSDU after the one being acknowledged, o

N’IDR of
both;

2) a four-bit subfield, specifying the zero-based segment number of the DLSDU segment
being requested, or zero when no segment is being requested,;

Table 51 — Long format SD-parameters for DLCEP state: 2nd octet

Retransmit |Acknowledae  Timeliness Modulus Number of Associated DLSDU or
9 Highest-numbered DLSDU Sent
J K T NDS mod 2°
7 6 5 4 3 2 1
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3) a one-bit retransmission-request (selective-reject) subfield, requesting (when J=1)
retransmission of the NDR’th DLSDU;

4) a one-bit acknowledgment subfield, acknowledging (when K=1) that all DLSDUs be-
fore the NDR’th have been received in their entirety and reported to the DLS-user;

5) a one-bit timeliness subfield, indicating (when T = 1) that the associated DLSDU origi-
nated in a buffer with associated timeliness criteria, and that those timeliness criteria
were met;

}a—five-bit-subfield—specifving-thelow-orderfivebits—of-the-seguence—numberNDS of
7 N T o g N <

the associated DLSDU (if this DLPDU contains user data) or of the highest-numbered
DLSDU which has been sent (if this DLPDU does not contain user dg

NOTE If this DLPDU contains no user data, then all previously-request
in their entirety.

en sent

Table 52 — Long format SD-parameters for DLCEP state:

Zerp-based Total Number of Segments in DLSDU

TNS

SSOCi-

ciated

hre the

record

5t two

ormat
see(table 50), with implied values for the fields J, K and T of the absent second|octet.
Thedmplied values for the J, K and T fields of 8.4.2.1C), which are omitted from 8.4.R2.1E),

VALY LOV pu | LOW i l
ar UITC (1), ZCTU (U) Altud ZTTU (U], TCTOPTULUVTTY.

F) The publisher format, format F, of length two octets, consists of the last two octets of format C
(see tables 51 and 52). The values for the J and K fields of 8.4.2.1C) shall be zero (0).

G) The unsegmented publisher format, format G, of length one octet, consists of the
second octet of format C (see table 51). The values for the J and K fields of 8.4.2.1C) shall
be zero (0).

Only formats A, C, F and G need be supported; support for formats B, D and E is optional.
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2 Parameters conveying DLSDU time-of-production

The formats for the second subpart of the SD-parameters are

J)

the no-time format, format J, of zero octets in length;

K) the 2-second format, format K, of length two octets, consists of the third-lowest-order
and second-lowest-order octets of the originating DLE’'s DL-time at the moment of DL-Put
request execution, in that order. It is adequate to distinguish the timing of events less than

2 s apart, and provides a potential resolution of 2> ms;

ev

M)
of
sig

a fotential resolution of 2° ms.

8.5 Sjtructure and encoding of SR-para

There

a)
an

CA,
this

he originating DLE’s DL-time at the moment of DL-P
Inificant-octet first. It is adequate to distinguish the ti

are two SR-parameter formats:

order,
at the
ing of

pctets
most-
bvides

mat P
ceived
using
53.

/\< SO it
RR fallurwégu%\\Wa\QlMonder 4
RI fallur%\— rgp%je\\DLE\{;gs incompatible with this request 9
RTR| QIMLMnsfe\Xrejected B
BF failure %ult}\intermediary bridge C
BR temporaryM—resource limitation in intermediary bridge D
BOK]| « }jinterim success — intermediary bridge is forwarding transaction E

NOTE This table is necessarily a subset of table 47.

b)

The error format, format Y (see table 54), is based on SD-parameter format U

table 46), and so is of length one octet. Format Y is used

(see

— to indicate that a bridge which should have forwarded a received CA, CD or ED
DLPDU was unable to buffer the received DLPDU, when the reply token was created by

that received DLPDU (reasons BF or BR);

— to reject a CA, CD or ED DLPDU received at a DLCEP under certain error conditions;
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— to reject an attempt to transfer the LAS role to the replying DLE, when the reply token

was created with a TL DLPDU (reasons RR, Rl and RNC).
The subfields of the SR-parameters field’s error format are.

1) a four-bit status subfield, XXXX, encoded as specified in table 53;

NOTE The only two values possible for the returned status are “BF” and “BR".

2) a four-bit subfield, ZZZZ, coded as zero and reserved for future standard use.

Table 54 — Short format SR-parameters
status must b<ze?o
N (\
XXXX GZZ\Z\ >
7 6 5 4 3 N \ 1 0
N
8.6 Sfructure and encoding of TD-parameters
The T|D-parameters field shall be composed of four subfields (see tab
Table 55 < Structute of TD-p&d aler
TD-parameters aﬁe vari Wansmitted
(RN
fieldlivoe link originating -time D% DL-time prior to DL-time
yP DL-time quaNity| off N end-of-transmission adjustmen
N
value as Vg(TSL) V§(TQ) w Vg(DLTO) + Vg(LSTO) Pg(TD) =
s¢nt + Cg(NT)1 Cs(NT)20Cs(NT)1
nanje at N@) Ns@Q) NS@(TO) Ns(DLT) Ns(DLTA)
recpipt
>
field|size twoy&%*s\ \@e ctet \ seven octets seven octets three octetp
a) [The link\desi L-time-source DLE — the DLE which originates the sepse of
DL}Hi link — shall be expressed in two octets as specified in annex|A.
NOTE ena bNdge™nterconnects two or more single links into an extended link, this is the link-i¢l of the
root link, of ing tree formed by the bridges which interconnect the links of the extended lifk. It is
the local~tink-i y for DLEs on that root link, or when no bridges interconnect the local link with other
links\.in this latter case, the link-id may have the value zero.

b) The quality of DL-time shall be expressed in one octet as follows (see table 56):

Table 56 — Structure and encoding of the DL-time-quality measures

limiting time-synchronism class number of intervening links

time-source type

TTT LLL

SS

7 6 5 a4 32

1) a three-bit subfield, TTT, specifying the least-capable time-synchronism class (see
11.3a)) of all of the DLEs on the DL-time propagation path from the DL-time source to

the DLE, inclusive, encoded as:


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

- 194 - 61158-4 © IEC:1999

000 NONE;
001 1s;
010 100 ms;
011 10 ms;
100 1 ms;

O T—100Ts;
110 10 ps;

111 1 ps;

and so forth;

3) a two-bit subfi
DLE with Univer

NOTL 1 Raliakl ] troal e aedd Prw- H L HVP-v foraational oo
LB A~ - cerapre—ereettrote—Souree Ss—heraae—rato—feeceverS—ror—ratoRar—tih

hpaga-

ource
as

-DLS-

elec-
a reli-

11 UTC continuously received (directly or indirectly) from a reliable electronic soyrce.

breadeastss atomic

clocks, and similar sources which provide intrinsic worldwide time coordination.

NOTE 2 The mechanisms for synchronizing a DLE which originates the extended link’'s sense of
DL-time with an external time source is necessarily implementation-specific and beyond the scope of

standardization.

c) The DL-time-offset, Vg(DLTO), of the sending DLE during DLPDU formation shall be
expressed as a signed seven-octet integer encoded most-significant-octet first, where the
least significant bit represents a time granularity of approximately 2-13 ms as shown in

table 57.
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d) The DL-time, Cg(NT)1 + Vg(LSTO) + Vg(DLTO), of the sending DLE at a moment during

DLPDU formation, less than 1 s prior to transmission, shall be expressed as a seven-octet
non-negative integer encoded most-significant-octet first (see table 57), where the most
significant bit is always zero and the least significant bit represents a time granularity of

approximately 213 ms.

NOTE The granularity of encoded DL-time does not imply that a DLE increments DL-time at that granular-

ity, but rather that each time the DLE increments its sense of DL-time, it does so by an amount that

causes

the average rate of incrementation to be approximately 213 counts per millisecond (which is

213 % 103 counts per second).

T okl | e 4 A H + H H H £ bt £ tat Il 4+
TauIic Ji7r I—\PPIU/\IIIIC{I.C LA LRLAANAY] DIuIIIII\JCAII\.’U UT UITC VUIto UT OoUVUETITITULULU L LU
/N
octet of DL-time symbolic approximate weight ofthe
in transmission order contents low-order bit ofm octet(\
1 OYYYYYYY 1,09 &ea
2 DDDDDDDD {EE\@\ \
3 HHHHHMMM é@ Qin
4 MMMSSSSS 2\0§\s\
5 Smmmmmmm / Em\ms \
6 mmme PUPHPE ] \)/ /\31\,9\5 Hs
7 > U @ns
e) [The time-adjustment, Pg(TD) 1, is a small adjustment to agcount
for| systemic offsets in the i ield d), caused by known implemen-
tatjon con5|derat|0ns / i end system when sending a TD DLPDU| such
as ormation and transmission, such thfat the
sum of the values s he DL-time
Vs(DLTO) 3
at yhich the Q S HIDU (see 6.1) will be sent to the associated PhE.
The 2ssed as a three-octet unsigned integer encoded |most-
sighi , Where the least significant bit represents a time granu-
lar
luded to avoid the requirement that the DLE perform an equivalent real-time ad-
even octet DL-time specified by c)
adjustment will vary inversely with the DLE’s actual instantaneous rate of data transmigsion.
Table’58 — Approximate numeric significance of the bits of three-octet short time
octet of short time symbolic approximate weight of the
in transmission order contents low-order bit of the octet
1 Smmmmmmm 8,00 ms
2 mmme LU 31,25 ps
3 MHUHUHRNNN 122 ns

NOTE The objective of the computation of d) and e) is to ensure that sum of subfields d) and e) is larger than

the

sender’'s VG(NTO) such that

A) were the sender to measure its round-trip-delay, Vg(MD) (see 9.4.1.5), when communi-
cating with itself through the PhE and medium, then
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B) if the sender were to receive its own transmissions of TD DLPDUs by receiving while
transmitting, then

C) the sum of subfields d) and e) and EZM—Dl, as computed by the sender from the received

TD DLPDU, would be equal to the current value of

Vg(DLTO) + Vg(LSTO) + Cg(NT)
at the sender at the moment that the sender’s PhE reports completion of reception of the TD
DLPDU from the local medium.

8.7 Structure and encoding of RQ-parameters

The RQ-parameters field shall be composed of one subfield (see table 59):

Table 59 — Structure of RQ-parameters

RQ-parameters

Cs(NT)

short-timeq

three octets

a) [The parameter subfield shall equal i of the
sefnding DLE at the moment of RQ ) i ssion,
regresenting the low-order three octets nits of
218 ms.

If the sending DLE’$ H (see 11.3a)) is NONE and the DLE dogs not

uay use any value for this subfield.

mgintain even e
Table|58 shows th: iISSIOR er aihd approximate numeric significance of the ocfets of
this stibfield. It is 8 3 et unsigned integer sent most-significant octet fifst.

8.8 Sfructur iy -parameters

The RRx [ all be composed of four subfields (see table 60):

Table 60 — Structure of RR-parameters

RR-parameters
NsFyr=—= NN NN SN
measurement short-timeg short-timep short-timeg
quality
one octet three octets three octets three octets

a) The first parameter subfield shall be encoded as specified in table 61, and shall specify
1) the time-synchronism class of the replying DLE, TTT, encoded as in 8.6b)1);

2) whether a DLE with a time-synchronism class of NONE maintains an estimated C(NT),
E, encoded

i) as a Boolean (0=FALSE, 1=TRUE) when TTT has the value 000;
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ii) as 1 (TRUE) when TTT has a value other than 000;
3) a 4-bit subfield, encoded as zero.

Table 61 — Structure and encoding of the RR-time-quality measures

DLE
oo . . maintains
limiting time-synchronism class estimated reserved
C(NT)
TTT E
7 6 | s 4 3 2

b) [The second and third parameter subfields shall equal the rece bnded

parameter subfields, respectively, of the received RQ DLPDU.

c) [The fourth parameter subfield shall equal the low-order24 Xi e N §(NT),

of the replying DLE at the moment of RR DLPDU formation J+ i trans-
misgsion, representing the low-order three octets of ) QroVi me in

units of 2-13 ms.

NOTE The contents of this subfield reflect the relati f e bd. The
resulting round-trip-delay computationg iy 3 internal delays within thg DLEs,
provided that the sum of the propagatiomdelays be is less than 2 s.

If the sending DLE’s time-synchroni ES not

m4gintain even an estimated C(NT),

Table[58 shows the tr3 ets of
each pf the last three $ igned
integdr sent most-signi

8.9 §

The R neters
neces reply
to a s anged
while DU as
specified

NOJE Theoretie he current LAS DLE could change the link's parameters by sending a PN DLPDU }o each
of the other-DLEs ® e local link, forcing each of them OFFLINE, after which they would learn the new link
parpmeters in the process of again coming ONLINE. But this DL-protocol does not specify a means of reguesting
thig LAS action.

The PN-parameters field shall be composed of seven subfields (see tables 62 to 67):

Table 62 — Structure of PN-parameters

PN-parameters and the variable values transmitted
PhL maximum PhL post- PhL maximum- minimum-
inter-channel version [transmission-gap | Preamble slot-time response- inter-DLPDU-
signal skew extension units | extension delay delay
units
V(PhIS) ovVV V(PhGE) V(PhPE) V(ST) V(MRD) V(MID)
one one one one
quartet quartet quartet quartet two octets one octet one octet
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The PN-parameters field, which partitions as shown in table 62, shall specify the parameters

needed to reply to the PN DLPDU:

a) The first two octets, ordered as shown in tables 63 and 64, specify the DL protocol
version number and the PhL-parameters of the local link, defined in table 1 of IEC 61158-2,
required for generating a reply to a received PN DLPDU:

Table 63 — PN-parameters: 1st octet

PhL maximum inter-channel signal-skew Zero version
\V(PhIS) 0
7 6 ' 5 4 3

2) a 1-bit subfield, encoded as zero;

clause 8;

Table 64 szé%

1) a 4-bit subfield which specifies the required PhL maximum
defined in 6.2 and 8.4.2¢) of IEC 61158-2, for the PhEs of

skew,

ing of

PhL post-transmission-gap extension un|t

\PhL preamble extension units

V(PhGE)

V(PhPE)

4) a 4-bit fi
extension )

amé&d “post-transmission-gap-extension” in IEC 61158-2, it is g
-transmission required between any two transmissions on t

ign-gap

link;

meas-
e local
E same
0 “pre-

units,
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b) The next four octets, ordered as shown in tables 65 to 67, specify the DLL-parameters for
the local link required for generating a reply to a received PN DLPDU:

Table 65 — PN-parameters: 3rd and 4th octets

slot-time
V(ST)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Table 66 — PN-parameters: 5th octet f\
maximum-response-delay (\\ aN

V(MRD)

Table 67 — PN-parameteW et
minimum-inter-DLPDlQ-de@ \/

ficant

VIRD),

ue of

8.10

The O bfield

(see't

Table 68 — Structure of DD-parameters

DD-parameters

delegated or requested duration
V(RD)

two octets

a) The subfield shall specify the duration for which the token is being delegated or for which
delegation is being requested. It is measured in octet-durations, and is encoded as a two-
octet unsigned integer sent most-significant octet first. Its range is 0 to 65 000.

NOTE The minimum practical value for using this duration for a transmission is about 16. The value 0 is used
only during maintenance of the local link’s live-list V(LL).
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9 DL-service elements of procedure

NOTE 1 The elements of procedure in this clause correspond generally to the highest DLL sublevel, as

specified in 5.1.3.

Throughout this clause, whenever a conditional action is specified and the specified enabling
condition does not occur, then the corresponding action also does not occur. The net effect is
that events which do not meet any of the enabling conditions specified in a service procedure

will have no consequential actions with respect to that specific service procedure.

Throughot clausethe value NRC is—used-as—a-link-independen dication
maxinpum number of times to perform a procedure — once initially, plus V(INRE) repetibic
beforg concluding that an unrecoverable error situation exists and that a mare (
action| is required. When the DLE can ascertain, from the involved<{DL{( -address
DLCEJP-addresses, that all of the DLEs involved in a DLC are locat tg a_singleXink,\th¢
DLE rmay substitute in a consistent manner the link-dependent v ; ;
independent value (V(NRC)+1).
NO[E 2 Throughout this clause, a DLE receives a transmit opport

immediate-reply opportunity or by receipt of an appropriate token.

9.1 (peration of the DL(SAP)-address, buffer and g
The DL(SAP)-address, buffer and qug

buffer] or queue services, the bind
servide, and the get buffer or queue service.

9.1.1 [Receipt of a DL-C REATE request pri

When|the DLE receives a'\DL-CRE

a) pllocate a buffer jof thé™s
maximum nu@ ; i

NOTE Statisticalallosatfon techrigpes\usirig a shared multi-use storage area are permissible.

it to empty;

b) lassign a buffekorguene -identifier, and any provided DLS-user-identifier, t

buffer or qlete;
C) rett jat identifier to the DLS-user, together with a status of “success”.
Alternjatively,an

appropriate failure status shall be returned to the DLS-user.

9.1.2 |Receipt of a DL-D ELETE request primitive

of the
ns —
rastic
es or
bn the
b link-

opriate

delete
buffer

e and

D that

When the DLE receives a DL-DELETE request, if the specified buffer or queue
a) was created by the DLS-user and not by DL-management action;

b) is not currently bound to any DLCEP or DL(SAP)-address

then the DLE shall delete the specified buffer or queue and return a status of “success”.

Otherwise the DLE shall return an appropriate failure status.
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Receipt of a DL-B IND request primitive

the DLE receives a DL-BIND request, it shall check

a) that the specified DL(SAP)-address is a group DL-address not currently in use by the

req

uesting DLS-user, or a DLSAP-address not currently in use by the DLE;

b) that the specified link and node components of the DL(SAP)-address are compatible with
the one or more link address components and one or more node address components
assigned to the DLE (see annex A);

c) ’that any specified explicit bindings to DL-queues or DL-buffers ape—walid and>do not
conflict with other existing bindings to those queues or buffers;
d) that any specified static or dynamic QoS attributes are vai \ local
DLFmanagement.
Failurp shall be reported to the DLS-user with an appropriate
1) the DL(SAP)-address shall be associated to thé requestiig Y pro-
vided DLS-user-identifier;
2) pll explicitly-specified queues a SAP)-
addlress;
3) the static and dynamic QoS attrib tes§ to the DLSAP-address;
4) the specified DL(SAR EUNLE 3
5) g DL(SAP)-addrg hed to
thg DLS-user togeths
6) |f either
i) the D
i) £he RINSAR ss has a link-designator component (see A.2.1) whose value gpeci-
fies™a L-address (between 00011 and OFFF4g, inclusive), and the vari-
able V/(
thgn ghe-DLE shall send a DL-address report SPDU as specified in B.3.6.3, with an appro-
prigteteason for the report SPDU and with a request identifier of zero, to the DL-support

functions of all bridges on the local link (see A.3.2).

9.1.4

When

Receipt of a DL-U NBIND request primitive

the DLE receives a DL-UNBIND request,

a) if the specified DL(SAP)-address currently is not bound to the requesting DLS-user, or if
the specified DL(SAP)-address was bound by DL-management action, then the DLE shall

ign

b)

ore the request primitive;
otherwise the DLE shall

— disconnect any DLCEPs associated with the DL(SAP)-address;
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— confirm with an appropriate error status any unconfirmed connection-oriented or con-
nectionless-mode service requests outstanding at that DL(SAP)-address or its DLCEPSs;

— unbind all queues and buffers from the specified DL-address;

— disassociate the specified DL-address from the requesting DLS-user.

If the DLE has no other DLS-users associated with that DL-address (which is always the
case for DLSAP-addresses) then the DLE shall deactivate reception of that DL-address, in

wh

thgn the DLE shall send a DL-address report SPDU as_specifi

pri

furjctions of all bridges on the local link (see A.3.2)

9.1.5

When
a)

b)

then

c)

Siz

ich case if either

1) the DLE is a fractional-duty-cycle (FDC) DLE, or

2) the DL(SAP)-address has a link-designhator component (see AS
fies a flat non-local DL-address (between 000116 and OFFF

able V(TL) has a non-zero value,

hte reason for the report SPDU and with a request ide » the DL-s
Receipt of a DL-P UT request primitive
Which is associated with the requésting DLS
Which is not bound &S a“xec 0) ffg
1) to a peerors

2) to a DL@

)-role is INITIATOR Or CONSTRAINED RESPONI

, and the size of the DLSDU is less than or equal to the [

1) set.the contents of the buffer equal to the presented DLSDU;

speci-

¢ vari-

ith an @ppro-

ipport

ER Or

uffer-

buffer

2).ndicate for each DLCEP which has a sending binding to the buffer that the

contains a new DLSDU;

3) set the timeliness-status of buffer-writing, Vg(TS) (see 5.7.4.21), to the DLS
specified timeliness, or FALSE if the user did not specify timeliness;

-user-

4) if the timeliness-status of buffer-writing is TRUE, then set the variable time-of-last-

buffer-write, Vg(TW) (see 5.7.4.19), associated with the buffer to the current DL-tim

5) if the timeliness-status of buffer-writing is TRUE, then set the time-of-production
ciated with the buffer, Vg(TP) (see 5.7.4.20), to the current DL-time;

6) return a status of “success”;

€,

asso-
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d) else if ¢) does not apply, and no DLSDU is being presented (that is, the buffer is being
set empty), and the buffer is bound to a DLSAP-address, then the DLE shall set the buffer
empty and shall return a status of “success”;

e) else if neither c) nor d) applies, then the DLE shall return an appropriate failure status.

Any ongoing accesses to the contents of a buffer or to its associated timeliness information,
which are incomplete at the time of a DL-PuT request, shall not be affected by the DL-PuT

reque

st.

NOTE This constraint ensures that each access to a buffer is logically atomic.

9.1.6

a)
DL

b)

with respect to writing the buffer.

Receipt of a DL-G ET request primitive
If the DLE receives a DL-GET request for a buffer which is assogi esting
S-user, then
1) if the buffer was written by a DLCEP which specified RESID PDATE
timeliness or SYNCHRONIZED timeliness or TRANSPAR shall
evaluate the associated timeliness criteria as spe urrent
DL-time as the time of buffer readout, and s -DLE-
timeliness attribute of the request;
2) otherwise, if 1) does not apply local-
DLE-timeliness attribute of the r
3) the DLE shall return the timeliness-sta ) (see 5.7.4.21), associated with the
buffer’'s writing as the sender-an of the
request.

NOTE er was
1) If the s- eliness attribute associated with the buffer is|TRUE,
and the buffeér, - EP which provides DL-time-of-production, thén the
DLE shall : i “production associated with the buffer, Vg(TP) (see
5.7.4.20).
5) the current contents of the buffer, with a status of “succg¢ss” if
th Rty, and a status of “possible failure — buffer empty” if the buffer is
empty
6) If-the bufferds a non-retentive buffer (BUFFER-NR), then the buffer shall be set empty.
7) Rcadillg [} buffcn alld Itb acbuuiatcd t;lllc:illcbb ;IIfUIIIIat;UII aha“ bC :UUILC&::)’ tomIC

NOTE When an implementation provides access to a buffer for an extended period of time during buffer

read or write, then in the worst case this atomicity restriction requires that separate copies of the

buffer’s

contents and timeliness information be provided for each reader and for the one writer, in addition to the
actual buffer with its contents and timeliness. Then each reader may be in the middle of an extended ac-
cess to a different epoch of the buffer’'s contents, and the writer may be writing a tentative buffer during
reception, which will become the current buffer only if a Ph-error or FCS error is not detected before the

end of the reception process.
If the DLE receives a DL-GET request for a DLS-user specified queue which is
— associated with the requesting DLS-user;

— not bound as a sending queue either to a DLCEP or to a DLSAP-address;
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1) return the next DLSDU contained in the queue, together with the called DLC identifier
associated with that DLSDU, or DLL priority and called and calling DL(SAP)-addresses or
DL(SAP)-address-identifiers associated with that DLSDU,;

2) return local- and remote-DLE-timeliness attributes of FALSE;

3) remove that DI SDU from the queue:

Otherwise the DLE shall return an appropriate failure status.

9.1.7

The 0
acces|

where

Computation of DL-timeliness

1) return a status of “success”.

LE shall compute the intrinsic DL-timeliness for buffer
S — writing or reading — and the correspop liness which was

specified on the corresponding local DL-CONNECT reques llows,
Pc(NP.AT) is the appropriate time-wind ponse
ve:

primit

a)

b)

RESIDENCE

DL-timeliness

DL-timeliness

DL-timeliness

UPDATE Q

%€ (VB(TW) — VC(TNA) )
—Vc(TNA) ) < Pc(NP.AT);
herwise.

TRUE when 0 < (Vg(TW) —Vc(TNA))
and (Vg(TW) — Vc(TNA) ) < (current-DL-time — Vc(TNA) )
and ( current-DL-time — Vc(TNA) ) < Pc(NP.AT);

DL-timeliness

d) TRANSPARENT

e)

DL-timeliness

NONE

DL-timeliness

FALSE otherwise.

TRUE.

FALSE.
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9.2 Operation of the connection-mode services

The connection-mode services are the DLCEP establishment and DLCEP release services, the
DLC data transfer and DLCEP reset service, and the DLC subscriber query service.

Figure 16 of IEC 61158-3 shows a conceptual state transition diagram for sequences of DLC
service primitives at a DLCEP. A corresponding state transition diagram for this DL-protocol is
shown in figure 7 and in F.2.1, where similar states have identical state numbers.

Aging Waiting for Waiting for Data Transfer
o DLCEP-address 1 Idle 5 EC DLPDU 4 Connect Completion 5 Ready
< P
o
l q N\ & N

<
Waiting for x\\s
3 Connect Response

— RS

s Waiting for

Q 6 Reset Completion

@ <
DA Qs

< >
e
thransition diagram for a DLCEP
9.2.1|10p R _gstablishment and DLCEP release services
The primit ) DLLEP-establishment service are DL-CONNECT request, indigation,

and DL-CONNECTION-ESTABLISHED indication. The primitives of the
DLCEJP-release’setrvice are DL-DISCONNECT request and indication. The associated local DLS-
user, pr the,;DLCEP’S remote peer or publisher DLS-user, or the DLS provider, may invoke the
DLCEJRP:release service any time after DLCEP establishment has begun.

During DLCEP establishment and release, if the DLCEP is a peer or publisher DLCEP, and the
DLCEP-address used by the DLCEP is not sent as a source DL-address in a DC or EC DLPDU,
and if either

a) the DLE is a fractional-duty-cycle (FDC) DLE, or
b) the DLCEP-address has a link-designator component (see A.2.1) whose value specifies a

flat non-local DL-address (between 00011 and OFFF4g, inclusive), and the variable V(TL)
has a non-zero value,
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then the DLE shall send a DL-address report SPDU as specified in B.3.6.3, including the
specified DLCEP-address, with an appropriate reason for the report SPDU and with a request
identifier of zero, to the DL-support functions of all bridges on the local link (see A.3.2).

9.2.1.1 DLC negotiation rules

The DLS-user-visible aspects of the DLC negotiation rules are specified in IEC 61158-3.
Additional negotiation rules which do not impact DLS-user visible aspects of the DLC are
permitted to be specified in 8.1 of this technical specification. In case of apparent conflict, the
rules specified in this subclause take precedence over any which may be specified in 8.1,
which in turn take precedence over those specified in IEC 61158-3.

NOJE — Where a subscribing DLS-user which is attempting to join an existing DLC Aeq ributes
whith are not provided by the attributes of that existing DLC, then the publishing DLS;user ma

A) indicate its inability to provide the requested attributes by replying with g
tive to the proposed subscriber,

t primi-

C) modify the existing DLC to include the requested charactéristics, wa i is |part of
IEC 61158.
a) [f the publisher, or either peer, of a DLC specifies h ute of

MAKIMAL, then

NOTE DLPDU-authentication of MAXIMAL v i i ason it
maximizes the amount of state informaton exchagged [ ts two-
Wway-user data exchange in a single transasti h which
multiple DLEs need to have consistent stz

Mmitted

ber di-

iv) both two-way data exchange subfields (E) shall specify FALSE;

V) SD-parameter format B (subfield FFF), and time-stamp formais K and L (Subfield
HH), shall not be requested or used in either direction on the DLC;

3) if a DL-SCHEDULE-SEQUENCE request specifies a sequence in which one or more se-
guence elements specify the local or remote DLCEP of this DLC, then that sequence may
be either locally or centrally scheduled, but shall be locally executed (see 9.4.3).

b) If a) does not apply then

i) if the publisher, or either peer, of a DLC specifies a DLPDU-authentication attribute of
SOURCE, then the DLPDU-authentication subfield (XX) in the EC-parameters shall specify
SOURCE, and each DLPDU sent from each DLCEP of the DLC shall contain the maximum
permitted number of explicit addresses;
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ii) if a subscriber of a DLC specifies a DLPDU-authentication attribute of MAXIMA

L in a

DL-CONNECT request primitive, then the DLPDU-authentication subfield (XX) in the re-

sulting EC-parameters DLPDU shall specify MAXIMAL. If the requested DLC was a
established, then

Iready

A) if that DLC was not established with DLPDU-authentication attribute of MAXIMAL
then the publishing DLE shall reject the connection establishment request from that

subscriber;

B) otherwise, when A) does not apply, then the publishing DLE shall attempt to add

that subscriber to the existing DLC;

c)
det

iii) if a subscriber of a DLC specifies a DLPDU-authentication attripute © E in a
DL-CONNECT request primitive, then the DLPDU-authentication stbfield (X he re-
sulting EC-parameters DLPDU shall specify SOURCE. If the re ready
established, then
A) if that DLC was established with a DLPDU-authe INARY
then the publisher’'s DLE shall change the DLPDUW<au each
DLPDU sent from each DLCEP of the DLC imum
permitted number of explicit addresses;
B) otherwise, when A) does ngt apply, g DLE shall attempt to add
that subscriber to the existinggDLC;
iv) else if none of i) to iii) applies, the M-authentication subfield (XX) in the EC-
parameters shall specify ORDINA apd_ea sent from each DLCEP of th¢ DLC
shall contain the minipqum permit er of expficit addresses;
The DLL path-diy of_the -parameters shall specify ANY-PATH as a
ault. Negotiation [of PATH tO THIS-PATH.
NOTE See ue THIS-PATH and choice of the actual path in the THjS-PATH
case.
LONG
NG.
5s (see
2)/Else, when 1) does not apply, and either b)i) applies or any member of the DLC is a
fractional-duty-cycle (FDC) DLE, then the address-size subfield of the EC-parameters

shall specify SHORT.

3) Otherwise, when 1) and 2) do not apply, the address-size subfield of the EC-

parameters shall specify VERY-SHORT.

NOTE The address-size VERY-SHORT applies only to DT DLPDUs sent using a reply token (se
formats 4 and 5); in all other cases the address-size SHORT is actually used.

e7.71

e) The DLCEP-data-delivery-features subfield (TT) of the EC-parameters shall specify,
independently for each direction of the DLC, the provided data-delivery features, as speci-
fied in IEC 61158-3, except that the value NONE shall be replaced by UNORDERED with a
maximum window size (WWWW) of zero and maximum-DLSDU-size subfield (M...M) of
zero in the corresponding direction, indicating a simplex DLC.
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f) The residual-activity subfield (A) of the EC-parameters shall specify TRUE in a publisher-
to-subscriber or sending peer-to-peer direction of data transfer when so required by a)2)iii),
or by DL-management, or by a publishing or peer DLS-user, and shall specify FALSE other-
wise. Negotiation of this subfield is from FALSE to TRUE.

g) Window size negotiation occurs independently for each direction of the DLC. The actual
maximum window size for a given direction of transmission shall be the smaller of the
sender’'s maximum window size and the receiver’s maximum window size in that direction,
and the maximum-window-size subfield (WWWW) of the EC-parameters shall specify zero
only when the maximum-DLSDU-size subfield (M...M) in the same direction is zero, indicat-
ing a simplex DLC.

h) egoti-
ate ctions
of

ecifies

value

Or the

en for
that direction ection

shall be

ZC) specifies SUBSCRIBER, then the format chosen for
or D or E, and the format chosen for the other|direc-

8 C i8 inclnded’in iii) and iv) only because support of formats D and E are not mandatory.

R-Oata-delivery-features subfield (TT) specifies ORDERED, DISORDERED, or
the format chosen for that direction shall contain an NDS subfiel@l, and

) a maximum-DLSDU-size subfield (M...M) specifies a value greater than the amount
of DLS-user data that can be conveyed in a single DLPDU of the DLC’s priority, as de-
termined by the DLC’s DLL priority subfield (PP), then the format chosen for that direc-
tion shall contain TNS and ASN subfields, and the format chosen for the other direction
shall contain an RSN subfield.

5) If a timeliness-included subfield (G) specifies TRUE, then the format chosen for that
direction shall contain a T subfield.

6) The format chosen shall be the shortest (fewest octets in length) possible of those
which the DLE supports and which meets all of constraints 1) to 5).
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NOTE 2 The expected set of formats in the sending direction are as follows.

a) Formats A, and potentially E, from a PEER DLCEP when the sending direction’'s DLCEP-data-delivery-
features subfield (TT) specifies UNORDERED, depending on the corresponding DLCEP-data-delivery-

features subfield (TT) in the other direction;

b) Formats B, C and D, and potentially F and G, from a PEER DLCEP when the sending direction’s
DLCEP-data-delivery-features subfield (TT) specifies ORDERED, DISORDERED, Or CLASSICAL, depending on

the corresponding DLCEP-data-delivery-features subfield (TT) in the other direction;

c) Formats A, F and G from a PUBLISHER DLCEP;

d) Formats A, C, D, E and G from a suBscRIBER DLCEP, where formats D and G are chosen when sub-
scriber-to-publisher DLSDUs have associated timeliness, and format C is chosen when format D would

otherwise be chosen but is unavailable because its _support is not mandatory. For formats C, D

i)

Siz
pe
DL
thi

)

K)
use

and G,

the publishing DLE will ignore the NDS and K subfields within the SD-parameters_of received, A, CD,
DT and ED DLPDUs.
The 2-way-data-exchange subfield (E) shall specify FALSE wh ur-DUSDU-
e subfields (M...M) is zero in one direction of data transmissi6 ' 0 by a
br DLE during negotiation of a PEER DLC, or when requi [ by| local
-management or by DLE construction; and shall specify TRUE i gotiation of
5 subfield is from TRUE to FALSE.
Timeliness attributes of the DLCEP are communicated
1) The timeliness-included subfield (G) of(the shall specify FALSE|when
the specified sender-timeliness ig' N - RUE otherwise.
2) The time-stamp-format subfield
PSS is
i, and
ndow-
i, and
ndow-
d, and
If one) direction of data communication is not required for the DLC, because the| DLS-
br-specified data delivery features for that direction specified NONE, then in that dire¢tion

1) the residual-activity subfield (A) shall be specified as FALSE;
2) the Queue/Buffer (B) subfield shall be specified as QUEUE;
3) the timeliness subfield (G) shall be specified as FALSE;

4) the time-stamp-format subfield (HH) shall be specified as FORMAT J.
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9.2.1.2 Receipt of a DL-C ONNECT request primitive

When the DLE receives a DL-CONNECT request primitive from a DLS-user, the DLE shall
perform the following series of actions, and if any error is detected during the process, then the
DLCEP shall be disconnected as specified in 9.2.1.8.

a) The DLE shall assign a new DLCEP-identifier, and the provided DLS-user-identifier, to
the DLCEP which may result from the request, and provide that DLCEP-identifier to the
DLS-user as the single output parameter of the request.

b) The DLE shall create and start a user-request timer Ty(MCD) with a duration based on

thg user-specified maximum confirm delay for DL-CONNECT, DL-RESET & RIBER-
QUERY primitives. If the specified value was other than UNLIMITED, the ior of this
) Vc(NP).MCD_CRS i , L
timer should be V(NRC)*1 ; otherwise the duration T

DLfmanagement may override these preferred durations.

c) [The DLE shall validate the calling-DLSAP-address on~DL \ by the
DL[S-user; if invalid, the DLE shall reject the DL- i NNECT
indication.

NOTE The structure and value range

d) [The DLE shall validate the self-coqsis , Where
all [static and non-specified dynamic pa S d with
thg calling-DLSAP-address, and where 3 QoS
ocgur.
1) Where any p . then
that parameter sha \at timit, if permitted by the negotiation rules gpeci-

the DL-CONNECT request with a DL-DISCONNECT

fied in 9.2.
indication.

2) If any maxini L size gquals zero or the sending DLCEP data delivery features
specify NONE, t sponding sending DLCEP data delivery features shall pe set
to UNORDER

DLSDU size is greater than the maximum which can be conveygd in a
single _DEPD the specified DLL priority (see 5.2.3), and the sending DLCER data
delivery features in the corresponding direction are UNORDERED, then those sgnding
DLCEP data delivery features shall be set to ORDERED.

e) if the calling address identifier is a DLCEP-identifier for an existing DLCEP, then
1) If the existing DLCEP is a publisher DLCEP, then the DLE shall

i) use the specified DLCEP’s local DLSAP-address as the calling-DLSAP-address for
this new DL-CONNECT request;

ii) set each QoS parameter equal to the corresponding parameter of the specified
DLCEP, if permitted by the negotiation rules of 9.2.1.1, or the proposed DL-CONNECT
request shall be rejected with a DL-DISCONNECT indication specifying “connection re-
jection — QoS not available, permanent condition”, terminating processing of the
DL-CONNECT request;
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iii) use the specified DLCEP’s publisher-DLCEP-address reuse-discriminator in the

EC-parameter,

iv) consider the new DL-CONNECT request to be a request for adding new subscribers

to the existing DLC and continue with j).

2) If the existing DLCEP’s DLCEP-class is PEER Or SUBSCRIBER, then the DLE shall
the DL-CONNECT request with a DL-DISCONNECT indication.

reject

f) Otherwise, if €) does not apply, then the DLE shall determine the maximum send and

re

eivewindaow,sizes hasad on the resnactive huffer-and-aueue hindinas —as follows
N oot < A

9)
DL

def

h)

pre
cu

DL}

WH
thi
i)

V¢

1) If the DLCEP-features are NONE, then the corresponding window’s

2) Otherwise, if 1) does not apply, then

least one (1);

iv)in all cases, DL-management c@ch

If the optional calling-DLEEP-add

E shall assign ths ¢/ DLCEP; if any conflicting assignm
ected, then fﬁ ; p ; ated as specified in 9.2.1.8.

Otherwise, 1¥g if the called address is not a DLCEP-agd
sumed to be fQ 3 £P, then a DLCEP-address allocated to the DLE a
rently in use e\assigned to the DLCEP; where possible this shall be a
addres

address is'a DLCEP-address presumed to be for a publisher DLCER
b aSsi t-is optional.

The BLC™ shall Anitialize the DLCEP’s Vc(NP), Vc(N), Vc(R), Vc(A), Vc(M), V¢
H),\c(HS) and V(L) variables as specified in 5.7.4.

o (0).

e one

be the

be at

cified in the request primitive, then the

ent is

dress
hd not
SHORT

, then

(MS),

)

The DLE shall encode an EC DLPDU as specified in 7.1 and 8.1:

1) If the called-DL-address parameter specifies a DL(SAP)-address or DLCEP-address,
then the DLE shall form an EC DLPDU with three addresses, whose values shall be,

respectively,

i) the called-DL(SAP)-address or DLCEP-address;

ii) the DLCEP-address assigned to the DLCEP, or calling-DLSAP-address if no such

assignment was done as in h);

iii) the calling-DLSAP-address.
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2) If the called-DL(SAP)-address parameter specifies UNKNOWN, then

i) if the DLS-user did not specify a calling-DLCEP-address, then the DLE shall reject
the DL-CONNECT request with a DL-DISCONNECT indication;

ii) else if i) does not apply, and the DLCEP-class is PUBLISHER, then the DLE shall
form an EC DLPDU with two addresses, whose values shall be the DLCEP-address
assigned to the DLCEP, and the calling-DLSAP-address, respectively;

|||) else if i) does not apply, and the DLCEP-class is PEER OF SUBSCRIBER, then the DLE

EC DLPDU from the remote PEER Of PUBLISHER

k) [If the DLCEP class of the DLE is to be either PEER Or SUBSCRIBER

1) if an EC DLPDU was formed, then

i) the DLE shall set the reply-requested field in thé

=)
D
)
—
o
)
=

T

hange

L tha an existing DLCEP, the DLE shall asfsign a
3ss reuse-discriminator subfield (NNN) of tHe EC-

pable of recording the publisher-DLCEP-address feuse-
P mcarnatlons then it should maximize the intervial be-

i) does not apply, the DLE shall choose the discriminator|value

DN tha D
VAL A =4
n

missio

¢

aOMMECT caonfiron f
ONINCEC T COTTIT T 1

5) the DLE shall cancel the user-request timer Ty(MCD);

6) if e) did not apply, then the DLE shall activate recognition of the DLCEP’s local
DLCEP-address and change the DLCEP state, Vc(ST), to DATA-TRANSFER -READY.

9.2.1.3 Receipt of a DL-C ONNECT response primitive

When the DLE receives a DL-CONNECT response primitive from a DLS-user, the DLE shall
perform the following series of actions; if any error is detected during the process, then the
DLCEP shall be disconnected as specified in 9.2.1.8.
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a) The DLE shall validate the DLCEP-identifier, and the responding DLSAP-address or
DLCEP-identifier, provided by the DLS-user, and shall associate the provided DLS-user-
identifier with the DLCEP.

b) If the identified DLCEP is not in the WAITING-FOR-CONNECT-RESPONSE state, the DLCEP
shall be disconnected.

c) The DLE shall validate the self-consistency of the response QoS parameter set, where all
static and non-specified parameters assume their default values associated with the
responding-DLSAP-address, and where the automatic adjustments to that QoS specified in
9.2.1.2d) occur. The DLE shall then validate the consistency of the resulting QoS parameter
sef with the corresponding parameters from the received EC DLPDU, a nce to
thg rules of parameter negotiation specified in 9.2.1.1.

d) |f the responding address identifier in the DL-CONNECT respogp A, then
thg DLE shall consider the new DL-CONNECT response as, requesting jer” pf the
regponse’s attempted DLC with an existing DLC, after which i ¢ idh was

sp¢cified in the associated DL-CONNECT indication will po DLS-
prqvi 3 elated
to

NNECT

B) set eac

equal fo t
negn

nator,
by the

ne ex-

ecified

—the first of the two source DL-addresses from the received EC DLPDU |which
resulted in the DL-CONNECT indication and its consequent DL-CONNECT re-
sponse;

— the DLCEP-address of the existing DLC;

—the DLSAP-address associated with this responding DLCEP-address, re-
spectively;

B) queue the DLPDU at TIME-AVAILABLE priority as specified in 9.4.5;

C) stop the timer which was started in 9.2.1.4.2b)4)iv).
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iii) Otherwise, when i) does not apply because the specified DLCEP is a subscriber
DLCEP, or when ii) does not apply because a negotiation rule violation was detected,
then the DLE shall reject the received DLC-establishment request and terminate proc-

essing of the received EC DLPDU, as follows:

If the destination DL-address of the received EC DLPDU was not a group DL-ad
then

A) The DLE shall encode a DC DLPDU as specified in 7.2 and 8.2, with a rea

dress,

son of

“connection rejection — QoS not available, permanent condition”, and schedule the

DLPDU for transmission at TIME-AVAILABLE priority as specified in 9.4.5.

dication and its consequent DL-CONNECT response,
be identical to the destination DL-address of that re

nected as specified in 9.2.1.8,
available, permanent sondition”.

i) use
which resuitec

+— send a three-address EC DLPDU specifying that a reply is not requested,;

7.2.1
ource
CT in-
shall

er the
non a
nego-
reflect

nding-
jscon-
S not

| PDU,
CT re-
h was

in the
set;

— stop the timer which was started in 9.2.1.4.2b)4)iv);

— start a timer as in 9.2.1.2b), with a duration equal to the value for the maximum
confirm delay on DL-CONNECT as specified in the DL-CONNECT response primitive;

— activate recognition of the DLCEP’s local DLCEP-address;

— change the specified DLCEP’s state, Vc(ST), to WAITING-FOR-CONNECT-

COMPLETION.
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e) If the responding address identifier in the DL-CONNECT response was a DLSAP-address,
then

loc,

f)
theg
tio
rer
DL|

WH
pe

9)

h)

shall assign that DLCEP-address to the DLCEP; if any confi

— that DLSAP-address shall be used as the local DLSAP-address;

— the DLE shall determine the local maximum send and receive window sizes based on
the respective buffer-and-queue bindings, possibly further restricted by DL-management,

as specified in 9.2.1.2.

n the DLCEP shall be disconnected as specified in 9
h — incorrect DLCEP pairing, permanent condition”, Ot saddress n
tly in use shall be assigned to the DLCEP; v . ) ghall be a

Laddress of the local link.
n no reply EC DLP
itutes its calling-DLSAP-addresy
A, CD, ED or DT DLPDU.
If the responding D en the DLE shall
— accept the ne nber of the DLC as the sequence number
first DLSDU;

— stop the ti

Otherwise, if g) does not apply, then the DLE shall

The DLE shall then determine the actual maximum send window size as the smaller of the

bt cur-
BHORT

DU is

where

of the

1) encode an EC DLPDU not requesting a reply, with three addresses as specified
and 8.1, where its addresses are, respectively,

in7.1

— the first of the two source DL-addresses from the received EC DLPDU which re-

sulted in the DL-CONNECT indication and its consequent DL-CONNECT response;
— the DLCEP-address just assigned to the DLCEP;

— the responding DLSAP-address, respectively;

2) assign a publisher-DLCEP-address reuse-discriminator when the responding DLCEP-

class is PUBLISHER;
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3) schedule the DLPDU for transmission at TIME-AVAILABLE priority as specified in 9

4.5.

NOTE This procedure causes a publisher DLCEP to reply to an EC DLPDU from a proposed subscriber

DLCEP by sending an EC DLPDU directly to that subscriber DLCEP’s temporary calling DLCEP-a

ddress.

Alternatively, the publishing DLE can create an independent publisher DLCEP (through use of a

DL-CONNECT request) after receiving the DL-CONNECT indication from the proposed subscriber, a

nd then

merge the subscriber’s requested publishing DLCEP into the one just established. This latter approach

will cause an EC DLPDU to be sent to the publisher’'s Called DL(SAP)-address before the respo
DLPDU is sent to the requesting subscriber.

If the responding DLCEP class is PUBLISHER, then the DLE shall

nse EC

+ +la ' hiclk + taal i O-2 4 42\ A\ o\
DLU'J TC UITTeT VWITIeTT VWwao otlAaltTu InT J.L.J.."".LIJ)"P)IV),

— issue a DL-CONNECTION-ESTABLISHED indication;

— activate recognition of the DLCEP’s local DLCEP-address;

— change the DLCEP’s state, Vc(ST), to DATA-TRANSFER

e value for the maximun|
response primitive;

DLPDU with two addresses

g following series of actions, and if any error is detected duri
S, then the DLC\shall be disconnected as specified in 9.2.1.8:

If the“first (source) address of the received EC DLPDU is a PUBLISHER DLCEP-ad

N con-

of the

ng the

dress

-FOR-

EC-

an nyicting SUBSCRIBER DI CEP. and if that supscRIBER DILCEP is in the \WAITING

DLPDU state, then the DLE shall

i) validate the received DLC parameters against those earlier requested for the

SUBSCRIBER DLCEP (and possibly not sent in an EC DLPDU);

ii) set the parameters of the existing DLCEP to equal the received DLC paramet
permitted by the negotiation rules of 9.2.1.1.

ers, if

If an error is detected, then the DLE shall disconnect the suBSCRIBER DLCEP as specified in
9.2.1.8, with a reason of “connection rejection — QoS not available, permanent condition”.

If no error is detected during this validation, then the DLE shall
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iii) set the publisher-DLCEP-address reuse-discriminator equal to that in the received EC

DLPDU;

iv) cancel the user-request timer Ty(MCD);

V) accept the next received sequence number of the DLC as the sequence number
first DLSDU;

vi) issue a DL-CONNECT confirm to the DLS-user;

of the

b)
ad
DL
lish
EG
exi

c)

dis
DL

9.2.1.

The 0
proce

a)

mg
if t
as

b)

isting DLCEP to that in the received EC DLPDU.

Vi) change the SUBSCRIBER DLCEP to the DATA-TRANSFER-READY state

er-DLCEP-address reuse-discriminator of the existing DKYCER with\ithat inNthe rec
DLPDU. If the two values are equal then the DLE sh he\a

RIBER DLCEP sH
— wrong pub

Otherwise, when a) and b) do not apply, then
connected as specified in 9.2.1.8, with a reason (of

CEP-address reuse-discriminator, permane ondit on@
LE shall perform the following s
5s, then the DLC shall be disconn ecifiedAn 9.2.1.8:

If the first addregss i i PO is a group-DL-address associate
re than one of th g€ DLE shall treat each of those DLS-us

hat user hagnNndiy IVE q € DLPDU. However, no DC DLPDU shall b
a direct re @ 4 ' .

9.2.1.1,(o1: the DLCEP shall be disconnected as specified in 9.2.1.8 with a reaq
'connection Tejection — Qo0S not available, permanent condition”;

| CEP-
RIBER

pub-
eived
Of the

all be
isher-

g the

0 with
brs as
b sent

static

ment-
es of
on of

Nthe DLE shall check whether a DLS-user associated with that DIL. SAP-address h

as an

active DLCEP whose remote DLCEP-address equals the source DLCEP-address
fied in the received EC DLPDU,;

3) if such an active DLCEP exists, then
i) if
—the DLCEP is in the WAITING-FOR-CONNECT-COMPLETION state;

— the received EC DLPDU requests a reply

speci-
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then a return EC DLPDU, addressed to the first source DL-address specified

in the

received EC DLPDU, with source addresses equal to the DLCEP’s local DLCEP- and
DLSAP-addresses, and specifying the parameters of the active DLCEP, and not re-
questing a reply, shall be encoded and shall be queued at TIME-AVAILABLE priority as

specified in 9.4.5;

ii) else when i) does not apply, then the DLE shall disconnect the DLCEP as specified
in 9.2.1.8 with a reason of "connection rejection — inconsistent DLCEP state, perma-

nent condition”;

NOTE This reconfirmation of the existing DLC does not cause a change in the responding DLCEP’s
state
1) if no such active DLCEP exists, then the DLE shall assign a new i ifier to
the DLCEP, and shall apply the negotiation rules of 9.2.1.2d). ati e ne-
gotiation rules occurs, then the DLE shall disconnect the prog cified
in 9.2.1.8 with a reason of "connection rejection — QoS ng condi-
tion”. If no violation is detected, then for each DLS-user assocgia | SAP-
address or group DL-address which was the first addre U, the
DLE shall
i) create a DLCEP, 3(MS),
Vg(H), Vs(HS) and Vg(L) variables as specifiedi
ii) record the source DLCEP-a ceived
EC DLPDU as the DLCEP’s re $s, re-
isher-
- pub_
lisher-DLCEP-addre
iii) report a D
iv) start@ i¢ation,
as specifregd
c(ST), to WAITING-FOR-CONNECT-RESPONSE.
c) Els 3 the received EC DLPDU is a DLCEP-address for an existing
DLCER, and\f. tRe essed DLCEP is in the WAITING-FOR-EC-DLPDU state, then the DLE
shall i eCeived DLC parameters, and the received DLPDU’s sgource
DLtaddresses. wheR their expected values are known, against those sent in an earlier EC
DLPDU,and if an&rror is detected, then
reply

with a DC DLPDU not requesting a reply, addressed to the first source DL-address
specified in the received EC DLPDU, with a source address equal to the DLCEP’s local

DLCEP-address, and shall otherwise ignore the received EC DLPDU.

2) otherwise, when the called address of the DLCEP was a DLSAP-address, then the

DLE shall disconnect the DLCEP as specified in 9.2.1.8 with a reason of "conn
rejection — QoS not available, permanent condition”.

If no error is detected during the validation of the received EC DLPDU, then

ection

3) If the receiving DLCEP’s DLCEP-class is PEER and the received EC DLPDU requests

a reply, then
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i) the two source DL-addresses of the received EC DLPDU shall be noted as the re-
mote-DLCEP-address and remote-DLSAP-address of the DLCEP;

ii) a return EC DLPDU, addressed to the first source DL-address specified in the re-
ceived EC DLPDU, with source addresses equal to the DLCEP’s local DLCEP- and
DLSAP-addresses, and specifying the parameters of the active DLCEP, and not re-
guesting a reply, shall be encoded and shall be queued at TIME-AVAILABLE priority as
specified in 9.4.5;

iii) the DLE shall start a timer as specified in 9.2.1.2b) with a duration equal to the
value for the maximum confirm delay on DL-CONNECT as specified in the DL-CONNECT
request primitive;

iv) the DLE shall change the state to WAITING-FOR-CONNECT-CQ{

ed EC

qource
L CEP-

in the

, With

4.5, to

pt the
b first

iv) the/DLE shall issue a DL-CONNECT confirm primitive, conveying the negaqtiated
DLCEP-attributes, to the requesting DLS-user;

— Vv the DEEShattcance the USer-request tmer Ty (MC D) andchange the DECEP state

t0O DATA-TRANSFER-READY.

d) Else, if the first address of the received EC DLPDU is a DLCEP-address for an existing
DLCEP, and if the addressed DLCEP is in the WAITING-FOR-CONNECT-COMPLETION state, then
the DLE shall validate the received DLC parameters against those sent in an earlier EC
DLPDU, and if an error is detected, then the DLE shall disconnect the DLCEP as specified
in 9.2.1.8 with a reason of "connection rejection — QoS not available, permanent condition”.

If no error is detected during this validation, then
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1) if the received EC DLPDU requests a reply, then

i) areturn EC DLPDU, addressed to the first source DL-address specified in the re-
ceived EC DLPDU, with source addresses equal to the DLCEP’s local DLCEP- and
DLSAP-addresses, and specifying the parameters of the active DLCEP, and not re-
questing a reply, shall be encoded and shall be queued at TIME-AVAILABLE priority as

specified in 9.4.5;

ii) the DLE shall restart the Ty(MCD) timer with the same period as the previous

AY

time.

e)
DL
DA

la} l o <IN | + l +lo
<) CIoT, WIITTT L) UUTO TITUL apply, UIITTT

i) a DT DLPDU not containing DLS-user data,

received EC DLPDU;

— if the DLCEP’s attributes require the DLPDX
source address equal to the DLCEP’s local

iii) else, when ii » ap¥k e state before WAITING-FOR-CON
COMPLETION , \ ESPONSE, and the DLE shall isg
DL-CONNECTIQN-F B E ication primitive to the responding DLS-user;

iv) the [@ g ekthe \useryequest timer Ty(MCD) and change the DLCEH

i)~set each QoS parameter, and the publisher-DLCEP-address reuse-discrim

d|in the

with a

1.5, to

 PDU,
tiated

NECT-
ue a

State

isting
in the

nator,

equal to the corresponding parameter of the specified DLCEP, if permitted by the ne-

gotiation rules of 9.2.1.1;

ii) if necessitated by the rule of 9.2.1.1d), then change the address size of the existing

DLC from VERY-SHORT t0 SHORT or from SHORT t0 LONG.

2) If no negotiation-rule violation is detected, then the DLE shall

i) encode an EC DLPDU not requesting a reply, with two addresses as specified in

7.1 and 8.1, where its addresses are, respectively,

— the DLCEP-address of the existing DLC;

— the DLSAP-address associated with this existing DLCEP-address, respectively;
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f)

9.2.1.

If the

i) schedule the EC DLPDU for transmission at TIME-AVAILABLE priority as specified in 9.4.5.

3) When 2) does not apply, because a negotiation rule violation was detected, then the
DLE shall reject the received DLC-establishment request and terminate processing of the

received EC DLPDU, as follows:

i) The DLE shall encode a DC DLPDU as specified in 7.2 and 8.2, with its

reply-

requested field set to FALSE, with a reason of “provider-originated disconnection —

QoS not available, permanent condition”, and schedule the DC DLPDU for tra
sion at TIME-AVAILABLE priority as specified in 9.4.5.

nsmis-

ii) The DC DLPDU shall have both destination and source addresg
mats 1L and 1s), the destination address shall be identica
DL-address of the received EC DLPDU, and the source addré
the destination DL-address of that received EC DLPDU.

Otherwise, the DLE shall ignore the received EC DLPDU.

b Expiration of the timer T y(MCD)

fimer Ty(MCD) expires, then if the DLCEP state
WAITING-FOR-EC-DLPDU, then

1) if this is the (V(NRC)+1)'th congegsutive\exp

ii) if the use
specifi

unspecified”, to the same DL-address as that to which the previous EC D
had been sent;

(see 7.2|1 for-
gource

cal to

mitive

lection

hd the

eason
LPDU

— shall be queued at TIME-AVAILABLE priority as specified in 9.4.5;

iii) otherwise, when the user-specified maximum confirm delay on the DL-CONNE

CT re-

guest primitive specified a value of UNLIMITED, the DLE shall leave the request
queued, and the DLCEP in its current state, but shall initiate no other action with re-

spect to the request.

NOTE The DLE may still respond to receipt of an EC DLPDU which attempts to establish a connec-

tion with the above DLCEP, by either accepting or rejecting the proffered connection.

2) otherwise, if 1) does not apply, then the DLE shall

i) restart the Ty(MCD) timer with the same period as the previous time;
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ii) requeue the same EC DLPDU for retransmission at TIME-AVAILABLE prior
specified in 9.4.5;

1999

ity as

b) WAITING-FOR-CONNECT-RESPONSE, then the DLE shall disconnect the DLCEP as specified
in 9.2.1.8, specifying a disconnect reason of “provider-originated disconnection — timeout”;

C) WAITING-FOR-CONNECT-COMPLETION, then

1) if this is the (V(NRC)+1)'th consecutive expiration, then the DLE shall disconnect the

DLCEP as specified in 9.2.1.8, specifying a disconnect reason of “provider-orig

iIsconnection timeout’:
t —

d) PATA-TRANSFER-READY, then the DLE shall act as spe
€) WAITING-FOR-RESET-COMPLETION, then the DLE 5
9.2.1.p Receipt of a DL-D ISCONNECT yequest p
When|the DLE receives at a DLCEP a DIXDISsQ om a DLS-user, then the
a) shall encode a DC DLPDU as spe i X &nd 8.2, requesting disconned
spe¢cifying the DLS-usg i 1 haII schedule the DLPDU for transmiss
TIME-AVAILABLE priority a gcified iMO .5, except when the DLCEP
1) is in th \ RESPONSE state, and the destination DL-address
EC DLPD ivat 9 RAs a group DL-address; or
2) is in the DU state, and the called DL(SAP)-address is a
DL-address
3) i
If g DCD

NOTE See the permission at the start of clause 9 with regard to use of V(NRC) versus\V(MRC):

2) otherwise, if 1) does not apply, then the DLE shall resg
DLPDU which was sent when the WAITING-FOR-CONNECT-CQM

i) if'the DLCEP being disconnected is a PEER DLCEP, then the DC DLPDU shal

both, destination and source addresses (see 7.2.1 formats 1L and 1s), and the desti

b)

inated

$s EC

tered,

DLE
t and

ion at

of the

group

have
hation

talled-

DL(SAP) address of the |n|t|at|ng EC DLPDU in aII other cases The reply requested field

shall be set to TRUE in the DC-parameters of the initiating DC DLPDU.

ii) if the DLCEP being disconnected is a PUBLISHER DLCEP, then the DC DLPDU shall
have only a source address (see 7.2.1 formats 2L and 2s). The reply-requested field shall

be set to FALSE in the DC-parameters of the initiating DC DLPDU.

iii) the source address of the DC DLPDU shall be the local DLCEP-address, if one exists;
or the responding or calling local DLSAP-address, if one exists, or the called-DLSAP-

address of the initiating EC DLPDU in all other cases.
shall terminate the DLCEP, including

1) for each outstanding (that is, not-yet-confirmed) DL-DATA request:
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i) remove the request from the appropriate DLCEP user-request queue, Q o(UR
references to the request from all DLE queues;

ii) initiate a DL-DATA confirm with the associated request identifier reporting “fail
reset or disconnection”;

iii) delete the timer Ty(MCD) associated with the request.

), and

ure —

2) if an DL-RESET request is outstanding, then initiate a DL-RESET confirm with the DLS-

user’'s DLCEP-identifier reporting “failure — disconnection”;

3) delete all timers associated with the DLCEP.
After gisconnection, if a local DLCEP-address associated with the DLCE n any
DLPDU sent on the link, then the DLE shall ensure that the DLCEP-g ed for a
period of time exceeding the greater of
1) twice the maximum DLPDU lifetime in the network, V
2) the DLCEP’s D...DcRr delay, when that delay is fiot UNLIM
In thg state machine of figure 7, thi state,
AgingDLCEP-address, which is exited
9.2.1.f Receipt of a DC DLPDU
When|the DLE receives a D€ DLPD | then
a) the DLE shall dete in the
regeived DC DLPDU, and
b) |f the receiv to the
solirce DL-addres | received DC DLPDU, and specifying a discgnnect
regson of “di tion rejection, unknown origin — reason unspegified”,
andl not reguesting\a be encoded and shall be queued at TIME-AVAILABLE priority
as [specified in"9.4.5;
c) |f tp
1) specifies a source address (see 7.2.1 formats 2L and 2s) and the source address
is a(DLCEP-address of a multi-peer DLC to which the DLE is a subscriber; or

2) specifies both destination and source addresses (see 7.2.1 formats 1L and 1s), where

i) the destination address is a DL(SAP)-address, and the DLE has a DLCEP, at a
DLSAP to which that DL(SAP)-address is bound, whose remote DLCEP-address has
the same value as the received source DL-address; or

ii) the destination address is a DLCEP-address, and the remote DLCEP-address of
the identified DLCEP has the same value as the received source DL-address; or

iii) the destination address is a DLCEP-address, and the called DLSAP-address of the
identified DLCEP has the same value as the received source DL-address

then if the DLCEP is known to the local DLS-user, then
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3) the DLE shall report a DL-DISCONNECT indication to the local DLS-user specifying both

the non-local origin and the reason for the DL-DISCONNECT indication as received
DC DLPDU;

4) the DLE shall terminate the DLCEP as specified in 9.2.1.6b);

5) after disconnection, the DLE shall ensure that any DLCEP-address which had
assigned to the DLCEP is not reused for a period of time exceeding the greater of

i) twice the maximum DLPDU lifetime in the network, V(NDL);

in the

been

9.2.1.

When

a)

tio

b)

thg

infiication to the local DLS-user, specifying both the

ii) the DLCEP’s D...DcRr delay, when that delay is not UNLIMITED.

B DLE-initiated disconnection

f the DLCEP is known to the local DLS-user, then th

and that its origin was local.

NOTE The DLCEP will not be known to the local DES-
received EC DLPDU whose receipt had just tri e

| f

RDU which activated the DLCEP was

NNECT
hdica-

ssing a

not a

le the

have
hation
alled-
d field

iinif the DLCEP being disconnected is a PuBLISHER DLCEP, then the DC DLPD

shall

c)

have only a source address (see 7.2.1 formats 2L and 2s) and the reply-requested field

shall be set to FALSE in the DC-parameters of the initiating DC DLPDU,

iv) the source address of the DC DLPDU shall be the local DLCEP-address, if one exists;
or the responding or calling local DLSAP-address, if one exists, or the called-DLSAP-

address of the initiating EC DLPDU in all other cases.

the DLE shall terminate the DLCEP as specified in 9.2.1.6b).

After disconnection, the DLE shall ensure that any DLCEP-address which had been assigned

to the

1)

DLCEP is not reused for a period of time exceeding the greater of

twice the maximum DLPDU lifetime in the network, V(NDL);
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2) the DLCEP’s D...D¢cR delay, when that delay is not UNLIMITED.

9.2.2 Operation of the DLC data transfer and DLCEP reset services

The primitives of the DLC data transfer service are DL-DATA request, indication and confirm,
DL-BUFFER-SENT indication, and DL-BUFFER-RECEIVED indication. The primitives of the DLCEP
reset services are DL-RESET request, indication, response and confirm, and DL-RESET-
COMPLETED indication. A DLCEP reset may be invoked, by any DLS-user or the DLS-provider,

at any time after DLCEP establishment and before DLCEP release.

If the

DLPDUs which convey segments of the DLSDU also specify that/as The
dyna ciated
with thhese identifiers, is also shown in figure 8.

NOE The relationships among the linear (conceptually unlimited LCE ali 3 (.4 and

figu

H-W
previously acknowledged DLSDU:
) ) -- reacknowledge if appropriate
invglid DLSDU

sequence number:

--in

itiate RESET

previously initialized

DLSDU reassembly state:

-- store data segment if new;

-- release DLSDU if approprigte;

-- advance L and
acknowledge if possible

new DLSDU:
-- advance H and
initialize reassembly state
for one or more DLSDUs
-- store data segment if any;
-- release DLSDU if appropriate;
L+W -- advance L and
\ acknowledge if possible

Figure 8 — Projection of the sending and receiving DLCEP sequence-number variables
of figure 3 onto the cyclic sequence-number parameters of CA, CD, DT, ED and RC

DLPDUs, with consequent determination of required actions
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Each DLPDU with non-null SD-parameters can convey to the peer DLE the low-order 2 to 5 bits
of the sender’s V(L) and Vc(M), as the (NDR mod 2R) and (NDS mod 25) subfields of the SD-

param

eters.

9.2.2.1 Selection of the format of a CA, CD, DT and ED DLPDUs

The address format of all CA, CD, ED, and DT DLPDUs sent from a DLCEP shall be chosen as
determined during the DLCEP-establishment process (see 9.2.1.1) and as specified in 7.4.3,
7.5.3, 7.6.3 and 7.7.3, respectively. The SD-parameter format of all such CA, CD, ED and DT
DLPDUs formed by the DLE shall be the same as that negotiated for the sending DLCEP (see
8.1c)5), 8.1d)5), and 9.2.1.1).

All CO
a DLQ
in 9.2

NOJE An address format of VERY-SHORT is always realized by use of SHQ

CD

9.2.2.p Receipt of a DL-D ATA request primitive

EP of the LAS DLE, shall specify an explicit destination address
1.1 and shall omit both source address and SD-parameters.

DC, ED and RC DLPDUs.

DLPDUs sent from an LAS DLE as part of its schedule execution adtivities, andynat from

tiated

ed CA,

If the -DATA
requep E shall
issue in the
corres pondlng DL-DATA request primitj $ user.
The DLCEP source specified in the DL-B ¢ i xplicit
(user4controlled) queue or to an impligit (D if the
specified DLSDU length, Py(L), is invalid SFER-
READY, then the DLE shal ihg the
reasop for failure.
Otherpise
a) er-request timer Ty(MCD) with a duration based on
the delay for DL-DATA primitives. If the specified value was
oth the ddration of this timer shall be equal to that user-specified
mgXxi otherwise the duration should be 60 s. DL-managemeni may
0V§
b) the next unassigned sequence number N = Vc(N) to the rgquest
an
c) the, DLE shall initialize the variable V¢ n(SS) based on the length, Ppy(L), of tHe Nth

DLSDU, to indicate that all segments of the Nth DLSDU, and no other segments of that
DLSDU, need transmission;

d) the DLE shall append the request to the DLCEP-address’s user-request queue, Qa(UR),

as

follows.

1) If the DL-scheduling-policy attribute of the source DLCEP-address is EXPLICIT,

then

the request shall be placed in the third partition of Qa(UR), where it shall await a

DL-COMPEL-SERVICE request to release it for transmission.

NOTE Release of a deferred request applies to DLSDUs, not DLPDUs.

2) Else if 1) does not apply, and
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i) if N > Vc(A) + Pc(WS), and the sending DLCEP is a CLASSICAL or DISORDERED
peer, or

i) if N > Vc(R) + Pc(WS), and the sending DLCEP is oRDERED and V¢(R) exists, or
iS a CLASSICAL or DISORDERED publisher or subscriber,

then the request shall be placed in the third partition of Qa(UR).

3) Else if 1) and 2) do not apply, then the third partition of Qa(UR) is empty, and so the
request shall be placed in the second partition of Qa(UR), and the DLE shall append to
the DLE’s unscheduled-service queue, Q(US), a reference to Qa(UR) riority
as the just-appended request.

NOTE Q(US) never needs to have more references to a QaA(UR) than waiting

for transmission or retransmission.
e) [The DLE shall increment Vc(N).

9.2.2.B Transmission of a DT DLPDU from a DLCEP

In the|following, let MUD be defined as the maximu a octets which npay be
conveyed in a single DT DLPDU of the DLCEP’s [ S

Upon |receipt of a transmission opportini or buffered DLSDU, the DLH shall
form and send a DT DLPDU of the speeifi i i meter
field formats as specified in 7.7, 8.4 282 ' local
(sourge) DLCEP-addresse ‘ n and
contents, and SD-parameter-fi ;
NOJE With the exceptio e fi 5fi obably
of the NDR, RSN, J, K 3 . _pré bn from
the|sending DLCEP bd, and
negd not be forme
9.2.2.
The T ryncated-DL-time subfields of the SD-parameters field, and the
DLPD|
a)

i) thessending.DLCEP is a DISORDERED Ofr CLASSICAL PUBLISHER DLCEP, or an ORPERED
PEER-Or PUBLISHER DLCEP and V¢(R) exists;

i) Vc(M) = Vc(R)+Pc(WS) and V(M) +1 < V(N) and VC'VC(M)(SS) is empty;
iii) a DL-DATA confirm primitive has been issued for the (Vc(R)+1)'th DL-DATA request

then the DLE shall

1) cancel the timer associated with the (V¢c(R)+1)'th DL-DATA request;

2) increment V¢ (R).

b) If the sending DLCEP is bound to a sending queue, and is
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i) a SUBSCRIBER DLCEP, or an UNORDERED PEER or PUBLISHER DLCEP, and there is a

smallest K such that Vc(M) < K< Vc(N)-1 and V¢ k(SS) is non-empty;

NOTE In this case VC K(SS) can contain only a single element, since such DLSDUs cannot
segmentation.

require

ii) a DISORDERED oOr CLASSICAL PEER DLCEP, and there is a K such that Vc(A) < K < min(

Vc(A)+Pc(WS), Vc(N)-1) and V¢ k(SS) is non-empty;

iii) @ DISORDERED OF CLASSICAL PUBLISHER DLCEP, or an ORDERED PEER Of PUBLISHER
' ' ' (WS),

DLCEPR and Ve(R) existsiand-there is a K such that Ve(R) < K < min{ Vo(R)+P
Vc(N)-1) and V¢ k(SS) is non-empty; or

1) The NDS subfield, if present, shall convey
value K, as appropriate.

ntatiomQf this{ Dh:profecol to perform DLSDU segmentation
i tatio appfroach could minimize the DLE’s proceq
vey the value (Px(SDUL) -1)/MUD, ro
psegments in the K'th DLSDU.

of the

(SS),
ssion,

at the
sing of

Lnded

1) the DLE shall increment Vc(N).if the buffer has been written since the last transmis-

sion from the buffer on this DLCEP;

2) the DLE shall let K equal Vc(N)-1;

3) if K is not equal to zero, then the DLE shall form the remainder of the DLPDU as

specified in b)1) to b)4) and as follows.

i) If the DLSDU has no timeliness attribute, then the T subfield shall specify FALSE.

ii) If the DLCEP has a sender’s-DL-timeliness class other than NONE, then the DLE

shall
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A) compute the timeliness of the S'th segment of the K'th DLSDU as specified in 9.1.7;

B) perform a logical AND of that computed timeliness status with the timeliness-
status associated with writing the buffer, Vg(TS) (see 5.7.4.21);

C) convey that result in the T subfield of the DLPDU.

iii) If present, the truncated-DL-time subfield shall convey the appropriate octets of
the time-of-production associated with the buffer.

d) If there is no such K as in b), or if K is equal to zero in c), or ifAf red to
sefnd the DLPDU without user data as in 7.4.4.1c), 7.5.4.1c), and 44.1d),
7.9.4.1d), and 7.6.4.1d), then

1) the T, TNS, ASN and truncated-DL-time subfields of esent,
shall be encoded as zero (0); NDS shall be encoded f low-
order bits of Vc(M);
2) the truncated DL-time subfield may be null (
3) the user data field shall be nu|.
9.2.2.8.2 Formation of the other SD-p
The J| K, NDR and RSN suybfields o
a) [f the sending DLUGSEP s Ids of

thg SD-parameters s
b) [If the sending’D

L at Vc(L) <K <V¢(H) and V¢ k(RRS) is non-empty, then
of the lowest-numbered member of the set V¢ k(RRS),|which
berxaf/a missing segment of the K'th DLSDU, and either K <V¢|(H) or

Il the NDR subfield, if present, shall convey the lowest-order two or four bits of the
value K;

iii) the RSN subfield, if present, shall convey the value of S;

iv) segment S shall be removed from V¢ k(RRS).

2) Otherwise, if 1) does not apply, either the SD-parameter field shall be null, if permitted
by 9.2.2.1; or

i) the J and RSN subfields shall be encoded as zero (0), if present;
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ii) the NDR subfield, if present, shall convey the lowest-order two or four bits of

(Ve(b)+1).

3) If the K and NDR subfields of the SD-parameters are both present, and the va
the NDR subfield equals the value of the corresponding lowest-order bits of (V¢(

lue of
L)+1),

then the K subfield shall be encoded as one (1); otherwise the K subfield shall be en-

coded as zero (0).

9.2.2.3.3 Transmission completion

a)

fthe jllct_francmitfnd DLPDU contained DL S-user data-then the DLE shall ||pdnfn

/c(M)

an

b)

thg

| Vc(MS) from the local variables K and S of 9.2.2.3.1 as follows.

— If K> Vc(M), or K=Vc(M) and S > V¢c(MS), then V(M) sha
Vc(MS) shall be set equal to S.

If the sending DLCEP

D) if the s
DLSDU, theit

~-{s" a publisher DLCEP whose sending DLCEP features are ORDERED, DISORDER

, and

lisher

jment

[ indi-

rwise,

br that

-DATA

ED or

CLASSICAL, Oor1s a peer DLCEF wnose sending DLCEF 1eatures are ORDERED,

— the DT DLPDU has a non-null user data field which contains the last, or only, segment

of a DLSDU;

then

1) if the sending source is a buffer, then the DLE shall issue a DL-BUFFER-SENT indi-

cation primitive specifying the DLS-user-identifier, if known, or the DL-identifier
wise, for the DLCEP; or

other-
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d)

on
b)1
thg

9.2.2.
9.2.2.

Upon
when

b)

then

2) if the sending source is a queue and there is an unconfirmed DL-DATA request for that

DLSDU, then

i) the DLE shall issue a DL-DATA confirm primitive with the same request identifier as

that DL-DATA request, reporting “success”;

i) if Vc(R) exists, and Vc(M) —Pc(WS) > V¢ (R), then the DLE shall set Vc(R)
to Vc(M) — Pc(WS);

iii) the DLE shall retain the DLSDU for potential retransmission to subscribers

equal

— until the expiration of the associated timer Ty(MCD); or

the sénding DLE needs to determine the state of the remote DLCEP;

erDILE shall form and send a CA DLPDIU of the cpnr‘ifinri prinrif\ll; with Dl -addres

c(M),
of the

ent of
bed in
use in

L CEP,

emote

| CEP,
nd the
bmote

5 field

and SD-parameter field formats as specified in 7.5, 8.4 and 9.2.2.2; with the remote (destina-
tion) and local (source) DLCEP-addresses of the DLC, as appropriate; and with SD-parameter-
field contents and user data-field contents as specified in 9.2.2.3.

9.2.2.4.2 Transmission of a CD DLPDU

This subclause does not apply to the LAS DLE when it sends CD DLPDUs as part of its
scheduled activity and not from a DLCEP of the LAS DLE; such DLPDUs are constrained as
specified in 7.5 and 9.2.2.

Upon receipt of a transmission opportunity to compel transmission from a remote DLCEP,

when
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a) the DLC is

b)
se

then t
and S
tion) &
field g

NO
pro
fron
nee

1)
pre

2)
3)

4)

9.4.2.3.2.

9.2.2.4.

Upon
when

1) simplex, with DLS-user data transmission only from the remote DLCEP to the local

DLCEP (and possibly other DLCEPS); or

2) duplex, with DLS-user data transmission from the local DLCEP to the remote DLCEP,
and from that remote DLCEP to the local DLCEP (and possibly other DLCEPS), and ei-

ther

i) the DLCEP attributes do not permit sending an ED DLPDU from the local DLCEP to

the remote-DLCER _or
L

ii) there are no DLSDU segments awaiting transmission to the
specified by the selection criteria of 9.4.2.1a);

the local execution of a DL-COMPEL-SERVICE request primit d cgmpel-
vice action, compels transmission from a remote peer or publishe R

he DLE shall form and send a CD DLPDU of the specifi i Wi 5 field
D-parameter field formats as specified in 7.5, & .21 i stina-
Ind local (source) DLCEP-addresses of the DL 3 iates and with SD-parameter-

e subfields of the SD-parameters, i

The truncati/d D

The user data

a)
DL

b)
DL

c)
by

d)

CEP, and from that remote DLCEP to the local DLCEP (and possibly other DLCEPS);

the DLCEP attributes permit sending an ED DLPDU from the DLCEP to the remote

CEP;

one or more DLSDU segments await transmission to the remote DLS-user as specified

the selection criteria of 9.4.2.1a);

the local execution of a DL-COMPEL-SERVICE request primitive, or of a scheduled compel-

service action, compels transmission from a remote peer or publisher DLCEP;

$er as

's first (frame control) octet; and
r format negotiated for transfnission
ed when the request is queu¢d, and

L CEP,

he DLC is r‘lllplﬂ\(’ with-DLS-user data-transmission-from-the local DLCEP to the remote
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then the DLE shall form and send an ED DLPDU of the specified priority; with DL-address field
and SD-parameter field formats as specified in 7.5, 8.4 and 9.2.2.2; with the remote (destina-
tion) and local (source) DLCEP-addresses of the DLC, as appropriate; and with SD-parameter-
field contents and user data-field contents as specified in 9.2.2.3.

9.2.2.

5 Validation and processing of SD-parameters in a CA, CD, ED or DT DLPDU

received at a DLCEP

If the

1)

2) WAITING-FOR-RESET-COMPLETION,
i) the DLE shall isst
user specifying the
3)
TRA
Otherpise,.the DLE _shall validate and process the SD-parameters of the received D
accorgling\te the SD-parameter format, Pc(NP.FFFR), negotiated for this (receiving) dir|
of DL transmission. This validation and processing shall be as specified in the remain

DLCEP state, Vc(ST), is

WAITING-FOR-CONNECT-COMPLETION, then

i) if the state before WAITING-FOR-CONNECT-COMPLETION was WAK[ING-FOR:EC-DI

 PDU,
tiated
guest

ETION
CTION-
ciated

shall

DLS-

er for

shall

DATA-

LPDU
ection

der of

9.2.2.5, with format-dependent considerations as follows, based on the SD-parameter format
(A = G) and the truncated DL-time format (J — M). The format-dependent value of the sending

modu

lus MODg shall also be used in the procedures of 9.2.2.6.

Format A) The sending and receiving SD-parameters of the DLPDU are implicit and thus
always valid; the implied values of RSN, T, TNS, ASN and truncated DL-time

are all zero; and any accompanying user data is a complete DLSDU.
clause 9.2.2.5.2 does not apply.

Format B) The sending and receiving SD-parameters of the DLPDU are explici
sending modulus MODg equals 23; the receiving modulus MODR equals 22; the
implied values of RSN, TNS and ASN are zero; and any accompanying user

data is a complete DLSDU.

Sub-

t; the
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Format C) The sending and receiving SD-parameters of the DLPDU are explicit; the
sending modulus MODg equals 2°; the receiving modulus MODR equals 24;
and any accompanying user data may be only a partial DLSDU.

Format D) The sending and receiving SD-parameters of the DLPDU are explicit; the
sending modulus MODg equals 2%; the receiving modulus MODR equals 24; the

implied values of TNS and ASN are zero; and any accompanying user data is a
complete DLSDU.

Format E) The sending SD-parameters of the DLPDU are non-existent; the receiving SD-
parameters of the DLPDU are explicit; the receiving modulu ODR equals 24;

value
of NDS is V¢ (H)+1; the implied values of TNS and A ; there

cannot be accompanying user data.

Format F) The sending SD-parameters of the DLPDU
parameters of the DLPDU are non-existent;

y SD-

Fgrmat G) The sending SD-parameters of

29; the implied value of
ASN are zero; and any 3

9.2.2.
receiv

In the
the nd

a)
reg

rzero

(0) of the™ K L.SDU is missing;

iii)’shall process the received user data as specified in 9.2.2.6.

b) Otherwise, when Pc(NP.TTR) specifies ORDERED, DISORDERED Or CLASSICAL, and if the

receiving DLCEP is a subscriber DLCEP, and this is the first DT DLPDU received after the
DLCEP state was changed to DATA-TRANSFER-READY, then the DLE shall set the variables
V(L) and V¢ (H) to the value of the NR(NDS) subfield of the received DT DLPDU.

The DLE shall compute

TEMP = ( NR(NDS) + Pc(NP.WWWWR) — Vc(H) -1) modulo MODg (15)

1) If
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TEMP > ( Vc(L) + 2 x Pc(NP.WWWWR) — Vc(H) —1) modulo MODg
then

i) if Pc(NP.TTR) is ORDERED, then the DLE shall

A) set V(L) equal to
Vc(L) + ((NR(NDS) — (Pc(NP.WWWWR) + Vc(L))) modulo MODg);

B) cancel all timers Tc Ny(RRS) which may exist, where N is less than or equal to
Vc(L). All DLE resources devoted to reception and reassembly th se-

ii) if Pc(NP.TTR) is CLASSICAL or DISORDERED, then the e uence

number is invalid; the procedures of 9.2.2.6 do not appty f ifiate a
reset at the DLCEP (see 9.2.2.19).

2) Else if 1)ii) does not apply, then if either

— TEMP > ( Pc(NP.WWWWR) -1), or

— TEMP = ( Pc(NP.WWWW

then

t pre-
s, fol-

viously iv
lowed b

: ue of
shall be created and shall indicate that all possibl¢ seg-

SDU, based on the negotiated maximum-DLSDU-size, are
;‘and V¢ K(RRS) shall be created and shall indicate that segment nimber

QTE 1 \Alternatively, the DLE can simply set VC K(MRS) to indicate that all (16) segmgnts are

missing; later procedures will correct the number of missing segments to those of the actual
DLSDU.

AT e do : r I r Ak A L B L I
NUTLE £ TS comnmumnativuim Ul vaiucs TUT VL/ RKINVIINO ) ariu VL/ KUNNNO ) TTISUTTS tiat ait- s mentS
1 ’

of the K'th DLSDU will be received before the reassembled DLSDU is delivered to the DLS-user.
NOTE 3 The DLE repeats the above step N times.

B) if the received SD-parameters contain an explicit TNS field, then the DLE shall
modify V¢ k(MRS) to indicate that all segments whose zero-origin number is

greater than the value of TNS are not missing, where K equals the new value of
Vc(H) after step A).

iii) if N = 0, then the DLE shall set K equal the value of Vc(H).
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iv) for all values of N,

A) the DLE shall set the variable V¢ (HS) equal to the value of the NR(ASN) field. If

there is any accompanying user data in the received DLPDU, then the DLE shall
modify both V¢ x(MRS) and V¢ k(RRS) to indicate that the segment whose zero-

origin number is equal to the value of NR(ASN) field is not missing, and the proce-
dures of 9.2.2.6 also shall be applied.

B) if there is any V¢ k(RRS), as created in b)2)ii)A), which is not empty and which
therefore requires a retransmission request, and if the receiving DLCEP is a
CLASSICAL OF DISORDERED DLCCEP, O optionaily 1S an ORDERED DLCEP, Then

—the DLE shall check for a reference to the DLCEP on
service queue, Q(US);

duled-

—if no such reference is found then the DLE sh y fo the
DLCEP onto the DLE’s unscheduled-service g SNgks at an-
other DLPDU requesting retransmission ofd{the™ulssing. seg I from
the receiving DLCEP.

3) Else if 1) and 2) do not apply, and
TEMP < (Vc(L) + Pc(NP.WWWWR) =

then the received DLSDU sequ peer
DLCs previously acknowledged, in the
received DLPDU, and the DLCEPA en the
DLE shall check for a reference fo the DLCE \ ueue,
Q(US), and if not found then add DLCEP to the DLE’s unschegluled-
service queue, QJS) her DLPDU reacknowledging the| just-
referenced DLSDU issen S [

If the DLC s expliciyy or implicitly to a queue, then the procedures of
9.2.2.6 do Qly. If € s\receive binding is to a buffer, then any DL$-user
data in the DLPDW sh . i d and the receipt of the duplicate DLPDU sHall be
reported to : DL-BUFFER-RECEIVED indication specifying that the re-
ported DLSBU s a i ?

1) i % ot apply, then the received DLSDU sequence number ig for a
previoy i 5DU.

If<the” received SD-parameters contain an explicit TNS subfield, then V¢ x(MRS§) and
V'L’K(RRS) botirshattbemodiffectomdicatethat=att DCUIIICIItD whose LCIU'UI;H;II number
is greater than TNS are not missing. If there is any accompanying user data in the re-
ceived DLPDU, and V¢ kx(MRS) indicates that the user data has not previously been

received, then the DLE shall modify both V¢ k(MRS) and V¢ k(RRS) to indicate that the
segment whose zero-origin number is equal to the value of NR(ASN) field is not missing,
and the procedures of 9.2.2.6 also shall be applied.

9.2.2.5.2 Validation of the NDR, RSN, J and K subfields of the received SD-parameters

In the following, Pc(NP.WWWWZR) is the negotiated receive window size and Pc(NP.TTR) is
the negotiated receiving DLCEP data delivery features.
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a) If the DLCEP is a subscriber DLCEP, and the NDR, RSN, J and K subfields, if present, of
the received SD-parameters are not all zero, then the DLE shall disconnect from the DLCEP
as specified in 9.2.1.8 with a reason of “provider-originated disconnection — wrong DLPDU
format or parameters, permanent condition”.

b) If the DLCEP is a CLASSICAL or DISORDERED peer DLCEP, and the J and K subfields of the
received SD-parameters are not both zero, then the DLE shall compute

TEMP = (NR(NDR) — Vc(A)) modulo MODR (16)
N—=——TFEMP——V (A (17)
The received DLPDU is acknowledging a previously unacknowledgex i LSDU
(K=1), or requesting retransmission of a segment of a prevjous 3 LSDU

(J=1), or both.

If K=1, and the DLCEP is a CLASSICAL Or DISORDERED p
Vc(A) < N< V(M) + 1, then the DLE shall

i) setVc(A) equal to N-1;

i) issue, in the order originally re i guest
iii) cancel the set of associated (iser requgst irmed

irmed
n this
know-

c(A) < X¥c(M), which implies that there are unac
ledged DL S alN\qe restarted,;

V) where p8ssik , move DL-DATA requests from the third partition to the
second e f corresponding user-request queue, Qa(UR), as speciflfed in
9.2.2.28
if the \ ocigted with the just-confirmed DL-DATA requests were not empty, then
thg DLE may gl such retransmission requests and set the corresponding V¢ k($S) to
empty.
If —1’ and ALis groafor than \Ib(A), and ecithor

¢ N< V¢c(M), or
« N= Vc(M) and RSN sV (MS),

then the DLE shall add the RSN’th member to the set V¢ n(SS); and if the set V¢ n(SS) was
previously empty, then the DLE shall

— cancel any retransmission timers Tc n(SS) associated with the N'th DLSDU, or T¢(SS)
associated with the DLCEP;
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— add to the DLE’'s unscheduled-service queue, Q(US), a reference to Qa(UR) of the
receiving DLCEP, to ensure that the requested DLPDU is sent from the receiving DLCEP.

NOTE Q(US) never needs to have more references to a QaA(UR) than the number of DLSDUs waiting for
transmission or retransmission.

c) If the DLCEP is an oRDERED DLCEP or a publisher DLCEP, and V¢(R) exists, and the J
subfield of the received SD-parameters is not zero, then the DLE shall compute

TEMP = (NR(NDR)-Vc(R)) modulo MODR (18)
1) If TEMP > (Vc(M) —Ve(R)), or
TEMP = (V¢c(M) - Ve(R) ) and RSN > V(MS),
then the received sequence number residue NR(NDR) for ap a re-
requested DLSDU is obsolete or invalid and shall be ignored.
NOTE Misordering of transmitted DLPDUs, which can result iR thi itiony |1 i en the
communications path between the sending and receiving DLES i agtive F: undant
bridges or DL-paths.
2) Else if 1) does not apply, then the received A ' nh of a
segment of a previously-transmitted DLSDU (J£1).(Lg G 1 and
N is greater than V¢ (R), then the DLE shall adg q \V(SS);
and if the set V¢ n(SS) was préviotislyem 's un-
scheduled-service queue, Q(US), 8 to en-
sure that the requested DLPDU i
NOTE Q(US) never 3 waiting
for transmission or r&transmissi
9.2.2.p.3 Processing Q
paranjeters <>
If the DLCEP’s receil
a) ness-
status, Vg
b)
i) the buffer's associated timeliness-status, Vg(TS) (see 5.7.4.21), shall be set|equal

(0 the T suprield or the received DLFDU,

ii) if that timeliness-status is TRUE, and if the SD-parameter included time-of-
production, format K to M, then the time-of-production of the buffer, Vg(TP) (see
5.7.4.20), shall be inferred as the most recent DL-time whose residue under the nego-
tiated DLPDU format would give rise to the DL-time residue conveyed by the received
DLPDU;

NOTE This inference will cause the current DL-time to be inferred when the SD-parameters field of
the received DLPDU does not convey octets of DL-time.

iii) the DL-time of reception of the DLPDU shall be used as the time of writing the
buffer, Vg(TW) (see 5.7.4.19).
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2) if 1) does not apply, so that the received DLPDU conveyed a not-previously-received
segment of a multi-segment DLSDU for which at least one segment had been previously
received, then

i) the value of the T subfield from the newly received DLPDU shall be ANDed into the
buffer's associated timeliness-status, Vg(TS) (see 5.7.4.21);

ii) any DL-time conveyed in the SD-parameter of the DLPDU shall be ignored;

iii) the DL-time of reception of the DLPDU shall be used as the time of writing the

LIAAL 44

UuIICI, V’lj\l VV) \QCC \J l P i) J.J}
9.2.2.p
In the ay be
conve
If a rg neters
field, | SDU,
where .1R)i) or
9.2.2.h.
The rgceiving DLE shall check whethe 2 i data)
is lesg [ iated for
this (r ffan TNS, then the DLE sha]l also
check 8 s equal to MUD. If either of |these
requirements is violated, th 3 DLCEP as specified in 9.2.1.8, with
a reagon of “provider-originat i 9 ioh wrong DLSDU size, permanent conditiofn”:
If member number AS
a) the receivi . i ether a received-data record has already| been
allpcated to the K i least
mi ecord
wit
b) at re-
cei
c) ! npt to
deliver(the DLSDU as specified in 9.2.2.7.
NOFE—-H—is—posstbletor—antmptementation—etthisBtpretecoltoperformbBESBU—+reasse Abty—at-the-time of

DLPDU receipt. Such an implementation approach could minimize the DLE’s processing of DLS-user data.

9.2.2.7 Delivery of an entire DLSDU which has been completely received at a DLCEP

Let K be the sequence number associated with the completely received DLSDU, as determined
by 9.2.2.5.1 at the time that DLSDU reception was completed.

If K is greater than V¢(L), and the current state Vc(ST) of the DLCEP is DATA TRANSFER

READY, then the DLCEP’s receiving data-delivery features and the type of receive buffer or
gueue binding determine the DLSDU delivery policy.

a) If the DLC is a cLAssIcaL DLC, and K is greater than V(L) + 1, then the DLSDU has
been received out of order, and the DLE shall retain but not deliver the DLSDU at this time.
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Otherwise,

1) if a receiving buffer is bound to the DLCEP, then the DLE shall do as specified in

9.2.2.7.1;

2) if an explicit receiving queue is bound to the DLCEP, then the DLE shall do as
fied in 9.2.2.7.2; or

speci-

3) if no receiving queue is bound to the DLCEP, which is the OSI default situation, then

the implementation shall consistently either

i) do as specified in 9.2.2.7.3; or

ii) treat this as a variant of case b), using a receiving queue A\
has assigned for this purpose.

NOTE  This queue may be unique to this DLCEP, or ma
DLCEPs at this DLSAP.

7.1 Delivery to a receive buffer

a) |f the receiving DLCEP has a receiver timeline s
shall set the variable Vg(TW) (see 5,(.4.19)
DL}time.

tation

priority

e DLE
urrent

b) [The DLE shall deliver, the compl D s t shall
asgociate any timelinegs i ecelye in the, conveying DLPDU(S).

c) [The DLE shall r vED indication to the DLS-user. If the regeiving
DLICEP-class wa B e\received DLSDU is a duplicate of a prior-re¢eived
DL|SDU, then‘ icate ibute of the DL-BUFFER-RECEIVED indication shall
spe¢cify TRUE; inva pecify FALSE

If ghis DLCEP as\ bs S ified’as a synchronizing DLCEP during the establishmgent of

on

V¢

d)
DL

e)

EPs, then the DLE shall record the DL-time of network a
ess computations of those referencing DLCEP(s).

NOTE 2 This constraint ensures that each access to a buffer is logically atomic.

[CesSSs,

me of

The DLE shall set Vc(L) equal to K; and shall cancel all timers Tc y(RRS) whic

h may

exist, where N is less than or equal to K. All DLE resources devoted to reception and
reassembly of DLSDUs with sequence numbers less than or equal to K should be released.

9.2.2.7.2 Delivery to a receive queue

The DLE shall attempt to append the complete DLSDU,

receiving DLCEP, to the receiving queue.

If unsuccessful, the DLE shall inform local DL-management of this queue-full situation.

together with identification of the

NOTE This DL-management notification may take the form of incrementing a counter of discarded DLSDUs.
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If successful,
a) the DLE shall report a DL-DATA indication to the DLS-user;
b) the DLE shall cancel the timer Tc k(RRS) if it exists;
c) if the DLC is an UNORDERED or ORDERED DLC, then

1) the DLE shall set V(L) equal to K;

2) the DLE shall cancel all timers Tc y(RRS) which may exist, where s less than( K. All

DLE resources devoted to reception and reassembly of DLSDUs wi ence-numbers
less than or equal to K should be released.

d) |f the DLC is a DISORDERED DLC, and if K equals (Vc(L) +1
1) the DLE shall set V(L) equal to K;

, gt variable V¢ k{MRS)
is empty, then the DLE shall set V(L) equak epeatthis step;

3) if the DLC is a PEER DLC, the
Q(US), does not already contain a

5 unscheduled-service queue,
P, then the DLE shall app¢end to
hat an acknowledgment of DLSDU re-

the DLE shall increment K. If the set variable V¢ k{MRS)
peat the entire data delivery procedure (see beginrling of

PEER DLC, then if the DLE’s DL-address unscheduled-service queue,
3dy contain a reference to the DLCEP, then the DLE shall appéend to

erice to the DLCEP, to ensure that an acknowledgment of DLSIU re-
ceipt is'sen the receiving DLCEP.

9.2.2.7.3/ OSl-default delivery

The DLE shall report a DL-DATA indication to the DLS-user, conveying the received DLSDU as
a parameter; after which the DLE shall do as specified in 9.2.2.7.2b) to 9.2.2.7.2e).

9.2.2.8 Receipt of a DT DLPDU addressed to a DLCEP

In the following, MUD is defined to be the maximum number of user data octets which may be
conveyed in a single DT DLPDU of the DLCEP’s priority, as specified in 5.2.3.

When the DLE receives a DT DLPDU addressed to a DLCEP of the DLE, the DLE shall perform
the following series of actions:
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a) If the DLCEP state, Vc(ST), is WAITING-FOR-RESET-completion and the DLE is waiting
only for receipt of a DT DLPDU at the DLCEP, then the DLE shall change the DLCEP state
to DATA-TRANSFER-READY.
b) The DLE shall validate that

1) the priority of the received DT DLPDU is as expected;

2) in a received DT DLPDU addressed to all subscribers of a puBLISHER DLCEP, the
length of the publisher’'s DL-address is greater than or equal to that expected;

3) in a received DT DLPDU addressed to a PUBLISHER DLCI er of

DL-addresses is as expected;

1) that in a received DT DLPDU addressed to a PEER DLCEP
i) the length and number of the DL-address(es) is o r only

the DLCEP-address of the remote peer PDU’s

first DL-address.
If this validation fails, then

LC as
LPDU

c) ribute
iS
d) in the
ne trans-
mis

— if_ the DLCEP is PEER or SUBSCRIBER DLCEP, then the DLE shall disconneft the
DLCEP from the DLC as specified in 9.2.1.8 with a reason of “provider-originated drscon—

— else the DLE shall discard the DT DLPDU.

Otherwise the DLE shall parse and process the applicable-format SD-parameters from
those remaining octets as specified in 9.2.2.5; and if the remaining number of octets in the
DLPDU, after the SD-parameters, is greater than zero, then the DLE shall process that user
data as specified in 9.2.2.6 and possibly 9.2.2.7.

9.2.2.9 Receipt of a CA, CD or ED DLPDU

When the DLE receives a CA, CD or ED DLPDU addressed to a DLCEP of the DLE, the DLE
shall perform the following series of actions:
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a) If the DLCEP is a PEER DLCEP then the DLE shall validate that

1) the length and number of DL-addresses is as expected;

2) when present and the receiving DLCEP is a PEER DLCEP, that the second DL-address
of the DLPDU is the DLCEP-address of the remote peer of the receiving DLCEP;

3) the DLL priority of the DLCEP is equal to the priority specified in the received DLPDU.

If this validation fails, then the DLE shall disconnect the DLCEP from the DLC as specified

in

2 I8 Wit & Teasomn of “provider-orgimated disconnection — wrong_DtPDUformat or
pafameters, permanent condition”.

b) If the DLCEP is a PEER DLCEP whose negotiated residual-actix , then
thg DLE shall restart the DLCEP’s Tc(RAM) with a duration ba ecified
maximum confirm delay for DL-CONNECT, DL-RESET and D B RY primfitives.
If l]he specified value was other than UNLIMITED, then the dyratiomgf thi : ild be
Vc(NP).MCD_CRS 60 orride

V(NRC)+1
thgse preferred durations.

NOTE See the permission at the start of clause 9 wi e i ersus V(MRC).

; otherwise the duration should be VINRC

ining number of octets in the DLRDU is
the negotiated SD-parametefs for-
of transmission, then the DLH shall
ied in 9.2.1.8 with a reason of “prqvider-
at or parameters, permanent conditipn”;

octets in the DLPDU is equal to the number of ocfets in
s format for the applicable sender-to-receiver direction of
DLE shall parse and process the applicable-format

eceiying DLCEP’s features are ORDERED, and the DLCEP is bound to a
g&nd the DLSDU in the buffer was too large to transmit completely in

A) for the appropriate K, modify the variable V¢ g(SS), based on the length of the

K'th DLSDU, to indicate that all segments of the DLSDU except segment zero (0)
require transmission;

B) append to the DLE’s unscheduled-service queue, Q(US), a reference to the
DLCEP’s Qa(UR). The reference signals the need to transmit the contents of the

sending buffer which is bound to the DLCEP.

d) If the received DLPDU is a CA or ED DLPDU, then

1) if the remaining number of octets in the DLPDU is equal to or greater than the number

of octets in the negotiated SD-parameters format for the applicable sender-to-receiver
direction of transmission; then the DLE shall
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i) parse and process the applicable-format SD-parameters from those remaining oc-

tets as specified in 9.2.2.5;

ii) then process any remaining octets of the DLSDU as received DLS-user data as

specified in 9.2.2.6 and 9.2.2.7;

2) if 1) does not apply and the DLCEP is a PEER DLCEP, then the

DLE shall disconnect

the DLCEP from the DLC as specified in 9.2.1.8 with a reason of “provider-originated
disconnection — wrong DLPDU format or parameters, permanent condition”.

9.2.2.40 Startina cancallation and avniration of tha timar T ~(MCDY on
L. Lo tattg—caeeato—ahea—e HaHoH—-C+—te—tHHe+—t vro—-oH

'D)
P
H
P
L
P
-

uest

[y =4

The timer Ty(MCD) shall be started when the DLS-user issues the cg
requekt. It shall be cancelled

peér or publisher DLCEP when V¢ (R) does not exist, when
ing DL-DATA confirm;

— [t a CLASSICAL or DISORDERED publisher DLCE
DLICEP when V¢(R) exists, when the DLE finds(it

requltant value of V¢(R) equals the seque
DL|SDU.

If the fimer Ty(MCD) expires on a DL-DaA

a) [ncrement Vc(R);

NOTE  After incre
associated with the ¢

b) remove the
angl terminate prg

c) maintain

d) jfaD

-DATA

DERED
pond-

lisher

DLSDU

(UR),

1) initiate a DLXDATA confirm reporting “provider-originated failure — request timeo(t”;

Z) IT the choice of sending DLCEF data delivery Teatures IS DISORDERED Or CLASSICAL,

then initiate a reset of the DLC as specified in 9.2.2.19.

9.2.2.11 Starting, cancellation and expiration of the timer T c,K(SS)

NOTE This timer is used only by PEER DLCEPs whose sending data delivery features are DISORDERED or

CLASSICAL.

The timer Tc k(SS) shall be started whenever a DLPDU containing all

or part of DLSDUg is

transmitted and V¢ g(SS) is empty; it shall be cancelled whenever Vc(A) is greater than or

equal to K or whenever V¢ (SS) becomes non-empty (see 9.2.2.5.2b)).
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The duration of this timer shall be based on the local user-specified maximum confirm delay for

DL-DATA primitives. If the specified value was other than UNLIMITED, then the duration of this

Vc(NP).MCD_D
V(NRC)+2

DL-management may override these preferred durations.

timer should be between 25% and 50 % of

60 s
V(NRC)+2 *

; otherwise the duration should be

between 25 % and 50 % of
NOTE See the permission at the start of clause 9 with regard to use of V(NRC) versus V(MRC).

If the timer T¢ k(SS) expires, then the DLE shall

a) adifvtha varighla \/ (S hacad ontha lanath of tha Kth D
Ry —tHEe—Y e -C Koo PSS e e RtHe e gt orHe o

that the

last segment of the K'th DLSDU needs retransmission;

b) pppend to the DLE’s unscheduled-service queue, Q(US), a ret CEP’s

QA(UR), to schedule a retransmission of the unacknowledged DLS

c) maintain any appropriate DL-management statistics.

9.2.2.L11.1 Use of the simplified timer T ¢c(SS)

When[the permission of 5.7.4.9.1 is emp

The timer Tc(SS) shall be started, huknot\es
paft of DLSDUg is transmitted and (Vc, S)ai
ever it is not running a [
eqyials Vc(M) or whe
retfansmission (see[9.2.2)5.

ever a DLPDU containing| all or
K The timer shall be restarted when-
M t shall be cancelled whenever [Vc(A)
ecomes\noh-empty due to receipt of a requgst for

The duration @ k ased oA the local user-specified maximum confirm|delay
for| DL-DATA phignitj ifi alue was other than UNLIMITED, then the duration of
g 0 Vc(NP).MCD_D ) ,
b 0 ) _—_— q
thi$ timer shouJd\De g of —VyNrcyrz » Otherwise the duration ghould
] 60 s .
be|between25% 4 RV EoreE DL-management may override these preferred
durations.
N at the start of clause 9 with regard to use of V(NRC) versus V(MRC).

If the timet\T(SS) Bxpires, then the DLE shall

a).wiodify the variable V¢ (SS), based on the length of the unacknowledged DLISDUg

with the lowest sequence number, to indicate that the last segment(s) of that DLSDU
need retransmission;

b) append to the DLE’s unscheduled-service queue, Q(US), a reference to the DLCEP’s
Qa(UR), to schedule a retransmission of the unacknowledged DLSDU;

C) maintain any appropriate DL-management statistics.

9.2.2.12 Starting, cancellation and expiration of the timer T c,k(RRS)

NOTE 1 This timer is used by DISORDERED or CLASSICAL subscriber DLCEPs, and optionally by ORDERED peer
or subscriber DLCEPs.
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The timer T¢ x(RRS) shall be started whenever it is not running and a DLPDU requesting

retransmission of one or more segments of the K'th DLSDU is transmitted. It shall be cancelled
whenever all segments of the K'th DLSDU are received.

The duration of this timer shall be based on the remote user-specified maximum confirm delay
for DL-DATA primitives and conveyed in an EC DLPDU previously received from the sending

DLCEP. If the specified value was other than UNLIMITED, then the duration of this timer should
Vc(NP),MCD_D . .
be between 25% and 50 % of C\(/(N,)Q—C)Jrz_; otherwise the duration should be between 25 %
60 s

and 50 % of VNRC)¥2 - DL-management may override these preferred durations.

NOJE 2 See the permission at the start of clause 9 with regard to use of V(NRC) vers

If the flimer Tc k(RRS) expires, then the DLE shall

a) pet V¢ k(RRS) equal to the then-current value of V¢ k(MR
fied segments of the K'th DLSDU need retransmission;

speci-

b) (US),
an -sgervice
que
c)

9.2.2.

NO res are

ORI
the|DLC in this (sender-

ivity on

When applicabl shall
be stgrted
a) when
Ve
b) ing and
wh

The duration of this timer shall be based on the user-specified maximum confirm delpy for

DL-CONNECT request or response primitives. If the specified value was other than UNLIMITED,

. . Vc(NP).MCD_CRS ,
then the duration of this timer should be between 70 % and 95 % of ——FRrey2 ; otherwise

the duration should be between 70 % and 95 % of ﬁ . DL-management may override

these preferred durations.

NOTE 2 See the permission at the start of clause 9 with regard to use of V(NRC) versus V(MRC).

It shall be cancelled whenever Vc(A) is not equal to ( Vc(N) — 1). If the timer Tc(RAS) expires,

then the DLE shall check for a reference to the DLCEP on the DLE’s unscheduled-service
gueue, Q(US), and if not found then append a reference to the DLCEP to the DLE’s unsched-
uled-service queue, Q(US), to schedule a transmission to the remote DLCEP(s).

NOTE 3 The resulting transmission may consist of a DT DLPDU with a null user data field, or a CA DLPDU.
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9.2.2.14 Starting, cancellation and expiration of the timer T c(RAM)

NOTE 1 This timer is used only by SUBSCRIBER or receiving PEER DLEs whose receiving data delivery features
are ORDERED, DISORDERED Or CLASSICAL, and is only required when DLC establishment requested residual
activity on the DLC in this (receiver-from-sender) direction of data transfer.

When applicable (see 5.7.4.17 for the conditions of the timer’s use), the timer Tc(RAM) shall
run continuously. It shall be restarted whenever any DLPDU is received on the DLCEP.

The duration of this timer shall be based on the remote user-specified maximum confirm delay
for DL-CONNECT request or response primitives and conveyed in an EC DLPDU previously-
received from the sending DI CEP. If the specified value was UNILIMITED, then the duration of
this fimer should be 60s. Otherwise, the duration should be P).MCD|CRS.

DL-management may override these preferred durations.

If the [timer Tc(RAM) expires, then the DLE shall initiate a reset ofq ified in

9.2.2.119.

9.2.2.l5 Receipt of a DL-R ESET request primitive

w
TR

DATA-

a) : [ i primitive with a status of
“fa i local
DL

b)

i) abI>R ¥ confirm primitive;

ii) receipt of an RC DLPDU not requesting a reply RC DLPDU from the remot¢ peer

BloED

ULCLT

will be required;

2) encode an RC DLPDU, addressed to the remote peer DLCEP and requesting a reply
RC DLPDU, with the reason specified by the DLS-user, using V(L) +1 for the NDR se-

guence number and V(M) for the NDS sequence number;
3) schedule the DLPDU for transmission at the DLC’s priority as specified in 9.4.5;
4) start a timer as specified in 9.2.1.2b);

5) change the DLCEP state, Vc(ST), to WAITING-FOR-RESET-COMPLETION, while waiting for
an RC DLPDU.
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d) if the DLCEP-class is PUBLISHER, then the DLE shall

1) encode an RC DLPDU, addressed to all of the DLC’s subscriber’'s DLCEPs, not re-
guesting a reply RC DLPDU, with the reason specified by the DLS-user, using zero (0) for

the NDR sequence number and V¢ (M) for the NDS sequence number,
2) set Vc(A) or Vc(R), as appropriate, equal to Vc(N) —1;

3) schedule the DLPDU for transmission at the DLC’s priority as specified in 9.4.5;

1) report a DL-RESET confirm to the local DLS-user with a status parameter of “sucq

e) |f the DLCEP-class is SUBSCRIBER, then the DLE shall report a ; firm
loclal DLS-user with a status parameter of “success”.

9.2.2.l16 Receipt of a DL-R ESET response primitive

When| the DLE receives a DL-RESET response from a DLS
state S WAITING-FOR-RESET-COMPLETION then

a) |f the DLCEP-class is PEER, and the set o DLCEP for which the [

wajting is

ess’.

to the

whose

LE is

of the

i) receipt of an RC DLPDU not requesting a reply from the peer DLCEP,

then the DLE shall wait for that RC DLPDU;
3) both
i) a DL-Reset response;
ii) subsequent receipt of a DT DLPDU from the peer DLCEP,

then the DLE shall
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A) encode an RC DLPDU, addressed to the remote peer DLCEP and not requesting a
reply RC DLPDU, with a reason of “reset, unknown origin — reason unspecified”, us-
ing Vc(L) +1 for the NDR sequence number and V¢(M) for the NDS sequence num-
ber;

B) schedule the DLPDU for transmission at the DLC's priority as specified in 9.4.5;

C) start a timer as specified in 9.2.1.2b);

D) note that a DL-RESET-COMPLETED indication to the local DLS-user is still required;

b)

9.2.2.

When
in usg
the D

a)
DL
ing

E) wait for a DT DLPDU.

f the DLCEP-class is PUBLISHER Or SUBSCRIBER, then the DLE

1) change the DLCEP state, Vc(ST), to DATA-TRANSFER-RE
2) again flush the DLCEP’s internal queues;
3) report a DL-RESET-COMPLETED indication to the fogal DKS-use

17 Receipt of an RC DLPDU

the DLE receives an RC DLPDU, the D rin€ the version of the DL-prptocol
, as specified in the received RC/DLPDU, interpret the other RC-paramefers of
L PDU accordingly.

If the DLCEP’s DL CRIBER, when the DLE receives gn RC

eset, then the DLE shall take action dgpend-

AITING-FOR-CONNECT-RESPONSE Or  WAITING-FOR-

s{ the DLCEP as specified in 9.2.1.8 with a reason of “connection rejection

2) DATA-TRANSFER-READY:

I'ne DLE shall

i) report a DL-RESET indication to the local DLS-user with a reason parameter equal
to that in the received RC DLPDU;

ii) if the DLCEP class is PEER and V¢c(A) is less than the sequence number implied by
the NDR subfield of the RC parameters of the received RC DLPDU (which is the
smallest sequence number = Vc(A) whose modulus would be NDR), then the DLE

shall process outstanding DL-DATA requests on the local DLCEP as specified in
9.2.2.5.2, with NDR as received in the RC DLPDU, J=0 and K=1;
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iii) if the DLCEP’s DLCEP-class is PEER, the DLE shall issue a confirm primitive

with a

status of “failure — reset or disconnection” for each outstanding DL-DATA request
primitive on the local DLCEP, and shall increment Vc(R) for each such confirmed

primitive; and set Vc(A) or Vc(R), as appropriate, equal to Vc(N) —1;

iv)set V(L) and Vc(H) equal to the sequence number implied by the NDS sub-f
the RC-parameters of the received RC DLPDU (which is the smallest sequence
ber = V¢ (H) whose modulus would be NDS);

v) setVc(M) equal to Vc(N) -1; set Vc(MS) and V¢ (HS) equal to zero;

ield of
num-

vi) release all DLE resources devoted to reception and reassemb DIL.SDUS;

vii) cancel all timers T¢ (SS) and Tc k(RRS);

viii) change the DLCEP state, Vc(ST), to WAITING-FOR

sequence number impl
he recelved RC DLPDU (which

ii) If the PLC F aSSNS PEER, the DLE shall issue a confirm primitive
status i t or dissgrinection” for each outstanding DL-DATA rd
primitive and shall increment V¢(R) for each such con
primitive; and r R), as appropriate, equal to Vc(N) —-1.

equencehumbeN Ve (H) whose modulus would be NDS).

iv) Ifthe~DL
DLPDU.

P-class is SUBSCRIBER, then the DLE shall discard the receivd

nt re-

ed by
is the

iffed in

with a
quest
irmed

by the

d RC

V) 1T the DLCEP-CIass IS PEER, and the DLE IS waiting 10r a DL-RESET response
tive at the DLCEP, then

primi-

— if the received RC DLPDU specified that a reply RC DLPDU is required, then the

DLE shall note that an RC DLPDU is required, else the DLE shall note that
DLPDU is required.

vi) If the DLCEP-class is PEER, and the DLE is not waiting for a DL-RESET res

a DT

ponse

primitive at the DLCEP, and the received RC DLPDU requested a reply, then the DLE

shall
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A) encode an RC DLPDU, addressed to the remote peer DLCEP and not requesting
a reply RC DLPDU, with a reason of “reset, unknown origin — reason unspecified”,
using Vc(L) +1 for the NDR sequence number and V¢c(M) for the NDS sequence
number;

B) schedule the DLPDU for transmission at the DLC’s priority as specified in 9.4.5;
C) start a timer as specified in 9.2.1.2b);

D)if the reset-completion primitive expected by the DLS-user at the DLCEP is

(Y =Y =Y H

DL REOET \.aUIIfIIIII, thcn thc DLE aha:: IIUtC that all P\C LT IJU o |cqu;|cd, U: e the
DLE shall note that a DT DLPDU is required.
vii)  If the DLCEP-class is PEER, and the DLE is not waiting ponse
primitive at the DLCEP, and the received RC DLPDU did n hen the
DLE shall
A) encode a DT DLPDU (with or without data) eer of
the successful receipt of the confirming RC D
4.5;
EP is
DLS-
DLS-
son of
ified”,
speci-
7.2.1
ource
DLCEP-address of the received RC DLPDU, and the source address shall bg iden-
tical to the destination DL-address of that received RC DLPDU.

4) In all other cases the DLE shall act as in a)3)v).
b) If the DLCEP’s DLCEP-class is PUBLISHER, then the DLE shall act as in a)3)v).

9.2.2.18 Expiration of the timer T y(MCD) on a DL-RESET request or indication

If the timer Ty(MCD) expires on a DL-RESET request or DLE-initiated reset, then

a) if this is the (V(NRC)+1)'th consecutive expiration without returning to the DATA-
TRANSFER-READY state, then the DLE shall terminate DLCEP-reset processing and shall
disconnect the DLCEP from the DLC as specified in 9.2.1.8 with a reason of “provider-
originated disconnection — timeout, permanent condition”;
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When|the DLE Initiates a reset, then

a)

b)
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NOTE See the permission at the start of clause 9 with regard to use of V(NRC) versus V(MRC).

otherwise, if a) does not apply, then the DLE shall
1) restart the timer with the same period as the previous time;

2) reschedule the RC DLPDU (which was first sent just after exiting the DATA-TRANSFER-
READY state) for retransmission at the DLC’s priority as specified in 9.4.5.

19 DLE-initiated reset

the DLE shall change the DLCEP state, Vc(ST), to WAITING-FOR-
the DLE shall note the need for
1) receipt of a DL-RESET response from the DLS-use

2) if the DLCEP class is PEER, subsequent receipt of an\R indicating peel reset

completion;
c) |f the DLCEP’'s DLCEP-class ig" PEER, all/start a user-request|timer
Ty(MCD) with a duration based Qifi aximum confirm delay for
DLtCONNECT, DL-RESET and DL-SuBs R primitives. If the specified valug was
\ Vc(NP).MCD_CRS -
oth hould be VNRC)1 ; otherwise
thd duration should be &= . yen ay override these preferred duratigpns;
NOTE See the permis regard to use of V(NRC) versus V(MRC).
d) |f the DLC PEER, the DLE shall issue a confirm primitive with a

status of “failure

on
VQ

e)

ion” for each outstanding DL-DATA request primitive
c(R) for each such confirmed primitive, and shpll set

2)reléase all DLE resources devoted to reception and reassembly of DLSDUs;

f)

3) cancel all timers T¢ k(SS) and T¢ k(RRS);

the DLE shall issue a DL-RESET indication primitive to the local DLS-user, specifying the

reason for the reset;

9)

if the DLCEP class is PEER, then the DLE shall

1) encode an RC DLPDU, with the same reason as the reason given to the local DLS-
user and requesting a reply RC DLPDU, using V(L) +1 for the NDR sequence number

and V(M) for the NDS sequence number;

2) queue that RC DLPDU for transmission at the DLC’s priority as specified in 9.4.5;
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h) if the DLCEP-class is PUBLISHER, then the DLE shall

1) encode an RC DLPDU, addressed to all of the DLC’s subscriber’'s DLCEPSs, not re-
guesting a reply RC DLPDU, with the same reason as the reason given to the local DLS-
user, using zero (0) for the NDR sequence number and V(M) for the NDS sequence
number, and

2) schedule the DLPDU for transmission at the DLC's priority as specified in 9.4.5.

9.2.3 Operation of the DLC subscriber query service

The p||imitives of the DLC subscriber query service are DL-SUBSCRIBER-QUERY reque

rm.
9.2.3.L Receipt of a DL-S UBSCRIBER-QUERY request primitive

If the|request is accepted, as indicated by a returned status for the
DL-SyBSCRIBER-QUERY request, then upon completion of the {feque Wily or

after failure, the DLE shall issue a DL-SUBSCRIBER-QUERY confirm atthe®LEEP,

onveying the
statud of the request to the DLS-user.

The [L-SUBSCRIBER-QUERY request shall be queuéd g user-
requept queue, QN(UR), which is an implicit (DLE-€

a) [f that queue is full, then the nding
DL ailure
— pgueue full”.
b) If a) does not apply, vith a
dugation based on RESET
angl DL-SUBSCRIBER , then
Vc(NP).MCD_CRS ) ,
he V(NRC)+1 , otherwise, the duration shodld be

these preferred durations.

Hest to the DLE's NODE user-request queue, QN(UR), at TIME-AVA|LABLE

priority, ‘wWhere the request shall be placed in the second partition;

NOTE The third partition in the DLE’s QN(UR) is always empty.

— append a reference to QN(UR) to the DLE’s unscheduled-service queue, Q(US).

9.2.3.2 Transmission of a DL-address query SPDU

Upon receipt of a transmission opportunity for the queued DL-SUBSCRIBER-QUERY request, the
DLE shall

a) form a DL-address query SPDU (see B.3.6.2) specifying the requested DL-address;

b) include that SPDU as the DLSDU of a connectionless format-1s DT DLPDU of TIME-
AVAILABLE priority with a SHORT destination DL-address for the DL-support functions of all
DLE’s on the local link, 010016 (see A.3.2), and source DL-address equal to the NODE.O
DL-address, V(TN).0, of the sending DLE’s DL-support functions.
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9.2.3.3 Receipt of a DL-address query SPDU specifying a subscriber DLCEP-address

If a DLE receives a DL-address query SPDU/DLPDU for a DL-address and DL-address-class
which is active within the DLE, then the DLE shall respond at a TIME-AVAILABLE priority with a
corresponding DL-address reply SPDU/DLPDU, confirming the received DL-address query.

9.2.3.4 Receipt of a DL-address reply SPDU

If the DLE receives a DL-address reply SPDU/DLPDU in response to the DL-address query
SPDU/DLPDU which was transmitted as a result of the DL-SUBSCRIBER-QUERY request, then
the DLE shall

a) cancel the timer Ty(MCD);
b) jnitiate a DL-SUBSCRIBER-QUERY confirm reporting “success — a
c)
9.2.3.

If the

a) |f this is the (V(NRC)+1)’'th consecutive ex

2) initiate a DL-SUR
guest timeout”;

— re_

b) otherwise,@
9.3 Q
The s transfer with local-DLE-
confirmationy'connectipnless data transfer with remote-DLE-confirmation, connectionles$ data

exchangesand listemér query.

9.3.1 ' i ' - -

The primitives of the connectionless data transfer with local-DLE-confirmation service are
DL-UNITDATA request, indication and confirm.

9.3.1.1 Receipt of a DL-U NITDATA request primitive not specifying remote-DLE-
confirmation

When the DLE receives a DL-UNITDATA request primitive not specifying remote-DLE-
confirmation, it shall associate the DLS-user-specified request identifier with the request. If the
request is rejected, then the DLE shall issue a DL-UNITDATA confirm with the same request
identifier, conveying the status of the request to the DLS-user. If the request is accepted, then
upon completion of the requested transmission, either successfully or after failure, the DLE
shall issue a DL-UNITDATA confirm with the same request identifier, conveying the status of the
request to the DLS-user.
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a) If the DL(SAP)-role of that source DL(SAP)-address is BAsIC, then the calling-DL(SAP)-
address specified in the DL-UNITDATA request is bound as a source at the specified priority
to either an explicit (user-controlled) or implicit (DLE-controlled) queue.

b) If the DL(SAP)-role of that source DL(SAP)-address is not BASIC, or if that queue is full,
or if the specified DLSDU has an invalid length, then the DLE shall immediately return the
reason for failure (in a DL-UNITDATA confirm primitive) as the status of the DL-UNITDATA
request primitive.

c) If the called-DL(SAP)-address specified in the DL-UNITDATA request is not a DL(SAP)-
address whose DL(SAP)-role is BASIC or GROUP, then the request is erroneous. The DLE is

permitted, but is not required, to detect such an error (for example, by—detectingcthiat the
called address is not a DL(SAP)-address). If such an error is detected shall
immediately return the reason for failure (in a DL-UNITDATA confirm/fri status
of the DL-UNITDATA request primitive.
d) Otherwise, if neither b) nor c) applies, then
1) the DLE shall create and start a user-request timexJ y(b ' ed on
the user-specified maximum confirm delay for ' If the
specified value was other than UNLIMITED, then/the ; " equal
to that user-specified maximum confirm dels € i hould
be 60 s. DL-management may ovg
2) the DLE shall append the reques ueue,
QaA(UR), as follows:
i) If the DL-schedul [ i , then
the request shall ‘ MCE request to release it for transmjission
and so shall beplace
i) Othe@, ifNi parti-
tion and the a ref-
9.3.1.
Upon
a) R);
b) ferm and send a DT DLPDU of the specified priority, with the specified called and ¢alling
DL{SAPaddresses, wittra ot SB=parameters—fretd—(formatP—(see—84-t=))),—=and—with a

user data field whose length and contents equal the specified DLSDU;

NOTE With the exception of the final-token-use subfield of the DT DLPDU'’s first octet, the DT DLPDU may
be formed when the request is queued, and need not be formed dynamically at the moment of transmission.

c) issue a DL-UNITDATA confirm with the associated request identifier reporting “success”;

d) cancel and delete the associated timer Ty(MCD).
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9.3.1.3 Receipt of a DT DLPDU, with an explicit source address, addressed to a DL(SAP)-
address

When the DLE receives a DT DLPDU with an explicit source address addressed to a DL(SAP)-
address bound to one or more of the DLE’'s DLSAPs, then if the DL(SAP)-role for that
destination DL(SAP)-address is

a) INITIATOR Or CONSTRAINED RESPONDER OF UNCONSTRAINED RESPONDER, then the received
DLPDU is erroneous and the DLE

1) shall inform local DL-management of the event, possibly including the erroneous

Y U] Lol
ULF DU S AdUUITS3CS,

2) shall discard the DLPDU.

b) BAsic or GRoOUP, then for each of those bindings

1) the DLE shall attempt to append the received user data § th the

eived
priority level,

2) if 1) is successful, then the D ht that

DLSAP;

3) otherwise, if 1) i 4 ent of

9.3.1.4 Expiration g £ ‘ te-
DLE-qonfirmatio

If thsg
confirmaion

$ on a DL-UNITDATA request not specifying remote-DLE-

a) removeythe request from the appropriate DLSAP-address user-request queue, Q A(UR),
and the reference 10 the request from the DLE’s unscheduled-service queue, Q(US);

b) jnitiate a DL-UNITDATA confirm with the associated request identifier reporting “failure —
timeout before transmission”.

9.3.2 Operation of the connectionless data transfer service with remote-DLE-
confirmation

The primitives of the connectionless data transfer with remote-DLE-confirmation service are
DL-UNITDATA request, indication and confirm.

9.3.2.1 Receipt of a DL-U NITDATA request primitive specifying remote-DLE-confirmation

When the DLE receives a DL-UNITDATA request primitive specifying remote-DLE-confirmation,
it shall associate the DLS-user-specified request identifier with the request. Upon completion of
the request, either successfully or after failure, the DLE shall issue a DL-UNITDATA confirm with
the same request identifier, conveying the status of the request to the DLS-user.
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The calling DL(SAP)-address specified in the DL-UNITDATA request is bound as a source at the
specified priority to either an explicit (user-controlled) or implicit (DLE-controlled) queue. If the
DL(SAP)-role of that source DL(SAP)-address is not BAsIC, or if that queue is full, or if the
specified DLSDU has an invalid length, then the DLE shall immediately return the reason for
failure (in a DL-UNITDATA confirm primitive) as the status of the DL-UNITDATA request primitive.

If the called-DL(SAP)-address specified in the DL-UNITDATA request is not a DLSAP-address
whose DL(SAP)-role is BAsIC, then the request is erroneous. The DLE is permitted, but not
required, to detect such an error (for example, by detecting that the called address is not a
DLSAP-address). If such an error is detected during request processing, then the DLE shall
return an appropriate error status in a DL-UNITDATA confirm primitive, indicating the reason for
failurg,and shall tTerminate processing of the request.

Otherpise
a) [The DLE shall create and start a user-request timer Ty(MCD\wit ati Aged on
thg user-specified maximum confirm delay for the DL-UNKDAT? ytive. [If the
specified value was other than UNLIMITED, then the duratien of this tiR ' ual to
that user-specified maximum confirm delay, Py(MCD arwisexthe duration shodld be

60|s. DL-management may override these preferred

b) [The DLE shall append the request to the ¢ ueue,

QA(UR), as follows:

En the
nd so

quest
ueue,

9.3.2.

Upon n and

send
a)
b) with an.SD>paratneters field of format R (see 8.4.1b));

c) witha user data field whose length and contents equal the specified DLSDU.

NOTE With the exception of the final-token-use subfield of the CA DLPDU's first octet, and possibly of the
initiator’s transaction index subfield, N(LTI), of the CA DLPDU’s SD-parameters (see 8.4.1b)3)), the CA DLPDU
may be formed when the request is queued, and need not be formed dynamically at the moment of transmis-
sion.

9.3.2.3 Receipt of a CA DLPDU, with an explicit source address, addressed to a DL(SAP)-
address

When the DLE receives a CA DLPDU with an explicit source address addressed to a DL(SAP)-
address bound to one or more of the DLE’'s DLSAPs, then if the DL(SAP)-role for that
destination DL(SAP)-address is

a) GROUP, then the received DLPDU is erroneous, and
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1) the DLE shall inform local DL-management of the event, possibly including the erro-

neous DLPDU’s addresses;

2) the DLE shall discard the received CA DLPDU.

b) INITIATOR Oor CONSTRAINED RESPONDER Or UNCONSTRAINED RESPONDER, then the received

DL

PDU is erroneous and

1) the DLE shall inform local DL-management of the event, possibly including the erro-

neous DLPDU’s addresses;

c)

9.3.2.
addre

When

DL(SA
destin

a)

2) the DLE shall form and send, as an immediate reply, a reply DT
in 7.4.4.1 and 7.7, whose reported status indicates “failure — r
incompatible with this DLPDU?;

nonder BL(SAR

v

3) the DLE shall discard the received CA DLPDU.

DLSAP and shall indicate its success i
NOTE This D

DLSDUs.
4) the DLE ;

in 7.4.4.1 ang\F¥

CONSTRAINED RESPONDER Or UNCONSTRAINED RESPONDER Or GROUP, then the re

, as speLcified

)-role

BASIC, then

1) the DLE shall attempt to append the receive ta as DU, together wjth the
called and calling DLSAP-addresses and DLL \priqri 5 eiwed DLPDU, to the re-
ceiving queue which was explicitly.or implig 4 eived priority level,

2) if 1) is successful, then the DL i @ DLUNITRATA indication primitive at that

ailure

carded

ecified

to a
r that

ceived

DL

b)

c)

DU IS erroneous,

1) the DLE shall inform local DL-management of the event, possibly including the erro-

neous DLPDU’s addresses;
2) the DLE shall discard the received DT DLPDU.
INITIATOR, then the DLE shall act as specified in 9.3.3.3.

BASIC, then

1) If the transaction index subfield, N(LTI), of the SD-parameters of the received DLPDU

specifies a transaction index for an outstanding incomplete request, then the DLE
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i) shall release that transaction index, making it available for subsequent reuse;

ii) shall remove the request from the appropriate DLSAP-address user-request g
Qa(UR);

iii) shall cancel and delete the timer Ty(MCD) associated with the request;

ueue,

iv) shall issue a DL-UNITDATA confirm to the requesting DLS-user, indicating the re-
guest’'s DLS-user-identifier and reporting the status conveyed by the received DT

DLPDU.

9.3.2.

When

E1

o
=

then t

a)
DL

d)
use

iginated by the receiving DLE and w

2) Otherwise, if 1) does not apply, then the DLE shall notify local D
receipt of an inappropriate DLPDU.

NOTE This DL-management notification may take the form of incre
DLSDUs.

b Receipt of an SR DLPDU

the DLE receives an SR DLPDU,

b)

Which is received as a reply to and

Wwhere the DL(SAP)-rahe for the DSAres dm which the transaction initiated
iNitiating’CA, £D or ED DLPDU) is BASIC,

br-identifier and’reporting the status conveyed by the received SR DLPDU.

of the

igcarded

r than

h was

(that

br ED

R);

DLS-

9.3.2.

o EXpIlration or the tmer 1 y(MCD) onh a DL-UNITDATA Tequest specliylng remaote-

DLE-confirmation

If the timer Ty(MCD) expires on a DL-UNITDATA request specifying remote-DLE-confirmation,
then the DLE

a) shall release the corresponding transaction index and remove it from active use, making
it available for subsequent reuse only after a period of twice the maximum network DLPDU

life

time, V(NDL), of the extended link;

b) shall remove the request from the appropriate DLSAP-address user-request queue,
QA(UR);

c)

shall delete the timer Ty(MCD);
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d) shall initiate a DL-UNITDATA confirm to the requesting DLS-user, indicating the request’s
DLS-user-identifier and reporting a status of “failure — timeout before transmission”.

9.3.3

9.3.3.

Operation of the connectionless data exchange service

1 Transmission of a unitdata CD or ED DLSDU

Upon receipt of a transmission opportunity for a reference to a DL-address user-request queue,
QA(UR), for a DLSAP-address whose DL(SAP)-role is INITIATOR, the DLE shall examine the set

of sending buffer bindings for that DLSAP-address in priority order as follows:

a)

the

tra

b)

the

tra

c)

thgn the/DLS-user data contained in the TIME-AVAILABLE buffer becomes the DLSD
lectedfor transmission, and the priority of that DLSDU is TIME-AVAILABLE; or

— there is a sending binding at URGENT priority to a buffer, and

— the buffer is non-empty,

MAL buffer becomes the DLSDU select
J is NORMAL; or

ed for

TIME-

ed for

U se-

d) If none of a) to c¢) applies, then no DLSDU is selected for transmission, then the DLE
shall form and send an appropriate DLPDU:

e)

If any of a) to c) applies, then a DLSDU was selected by this procedure, and
1) the DLE shall form and send an ED DLPDU as specified in 7.6.3

i) with the destination address equal to the remote DLSAP-address specified
invoking reference;

ii) with the source address equal to the DLSAP-address associated with the
request queue, Qa(UR), specified by that reference;

in the

user-
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iii) with a priority equal to the transaction-priority specified in the invoking reference;

iv)with an SD-parameters field of format R (see 8.4.1b)), specifying the actual priority

of the selected DLSDU;

v) with a user data field whose length and contents equal the selected DLSDU;

2) the DLE shall await an immediate response. If

i) the DLSDU which was sent to the responder in the ED DLPDU was obtained from a

mon-Tetentive buffer (BUFFER-NK),

ii) an appropriate DT or SR DLPDU is received as an immedia ified in
75.3,754,76.3,7.6.4,7.7.3 and 7.8.3;
iii) the explicit or implicit status conveyed by that repl interim
success”,
then the buffer shall be set empty.
f) [f d) applies, then no DLSDU was selected by
1) the DLE shall form and send
i) with the destination addre ote DLSAP-address specified |in the
invoking reference;
user-
ce;
is no
2)
9.3.3.p
DL(SAP)-address
When| the ,DLE receives a CD or ED DLPDU with an explicit source address addressefl to a
DL (S AP address-bound-te-eonre-ermere—of-the bLEs BESAPSs—thenifthe BHSAP+elefor that

destination DL(SAP)-address is

a) GROUP, then the received DLPDU is erroneous, and

1) the DLE shall inform local DL-management of the event, possibly including the erro-

neous DLPDU’s addresses;
2) the DLE shall discard the received CD or ED DLPDU.

b) BASIC or INITIATOR, then the received DLPDU is erroneous, and
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1) the DLE shall inform local DL-management of the event, possibly including the erro-
neous DLPDU’s addresses;

2) the DLE shall form and send, as an immediate reply, a reply DT DLPDU, as specified
in 7.5.4.1, 7.6.4.1 and 7.7, whose reported status indicates “failure — responder
DL(SAP)-role incompatible with this DLPDU”;

3) the DLE shall discard the received CD or ED DLPDU.

CONSTRAINED RESPONDER, then

1) if the source address of the received CD or ED DLPDU equals/the walue of.t

stricted to a different peer DLSAP-address”.

UNCONSTRAINED RESPONDER, then

1) if the received DLPDU is an ED.DLPDU
i) if

— the responding DLSAP-
of the received DLPDL;

icit binding as receiver at the priority

riority

—thesize of eactrquenue Tecordis at feastas great as the size of the DESDY,
— the queue is not full,
then the DLE shall append the just-received DLSDU to the queue.

iii) if either i) or ii) applies, then the DLE shall examine the set of sending buffer bind-
ings for that DLSAP-address in priority order as follows:

A)if
— there is a sending binding at URGENT priority to a buffer;

— the buffer is non-empty,
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then the DLS-user data contained in the URGENT buffer becomes the DLSDU se-
lected for transmission, and the priority of that DLSDU is URGENT; or

B) if A) does not apply, and

— the transaction-priority specified in the received DLPDU is NORMAL or TIME-
AVAILABLE;

— there is a sending binding at NORMAL priority to a buffer;

—the buffer is non-empty

then the DLS-user data contained in the NORMAL buffer begg U se-

lected for transmission, and the priority of that DLSDU is
C) if neither A) nor B) applies, and

E;

s the
| ABLE;

be set

DLS-

—the responding DIL. SAP-address’s DL S-user-/Dl -identifier:

— the priority of the DLS-user data conveyed by the received ED DLPDU, or that
no such DLS-user data was received (in a CD DLPDU);

— the priority of the DLS-user data conveyed in the reply DT DLPDU, or that no
such DLS-user data was sent;

— a status of “success”.
v) if neither i) nor ii) applies, then the received DLSDU was discarded, and

A) the DLE shall form and send as an immediate reply an appropriate DT DLPDU
as specified in 7.7;
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B) the DLE shall issue a DL-UNITDATA-EXCHANGE indication to the responding
user, reporting

— the responding DLSAP-address’s DLS-user-/DL-identifier;

— the priority of the DLS-user data conveyed by the received ED DLPDU
was discarded;

— a status of “failure”.

2) if the received DI PDU is a CD DI PDU and thus did not convey a DI SDU_then

DLS-

which

9.3.3.
addre

When
DL(SA
destin

i) the DLE shall examine the set of sending buffer bindings for AR-addr
priority order as in d)1)iii);

i) the DLE shall act as in d)1)iv)A) and d)1)iv)B);
i) if

— a DLSDU was selected in ii), or

B Receipt of a DT
5S

the DLE i

k€ transaction index subfield, N(LTI), of the SD-parameters

eived DLPRU specifies a transaction index for an outstanding incomplete request, t

1)\the DLE shall release that transaction index, making it available for subsequent r

ess in

speci-
| SAP-

ailure

to a
r that

e DLE

Df the

hen

euse;

2) the DLE shall cancel and delete the timer Ty(MCD) associated with the now-complete

unitdata-exchange transaction;

3) if the invoking reference was in the DLE’s unscheduled-service queue, Q(US), or had

been dynamically appended to a specified scheduled sequence, then the DLE sh
move that reference from that queue or sequence appendage;

all re-

4) if the received DT DLPDU contains DLS-user data and thus conveys a non-null

DLSDU, then
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— the initiating DLSAP-address has an explicit binding as receiver at the priority of
the received DLPDU;

— the binding is to a buffer;
— the size of the buffer is at least as great as the size of the DLSDU,

the DLE shall overwrite the buffer with the just-received DLSDU;

i) if

— the initiating DLSAP-address has an explicit binding a
the received DLPDU;

sridrity of

— the binding is to a queue;

ize of the DLSDUj;

LSDU
be set

DLS-

L PDU,

=tke pfiority of the DLS-user data conveyed by the received DLPDU;

— a status of “success”;

iv) if neither i) nor ii) applies, then the DLE shall issue a DL-UNITDATA-EXCHANGE indi-
cation to the initiating DLS-user, reporting

— the initiating DLSAP-address’s DLS-user-/DL-identifier;

— the priority of the DLS-user data conveyed by the previously-sent ED DLPDU, or
that no such DLS-user data was sent (in a CD DLPDU);

— the priority of the DLS-user data conveyed by the received DLPDU,;

— a status of “failure — resource limitation in initiator”;
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5) if 4) does not apply, and the DLPDU sent to the responding DLE was an ED DLPDU,

thus conveying a non-null DLSDU, then

i) If the DLSDU which was sent to the responder in the ED DLPDU was obtained from

a non-retentive buffer (BUFFER-NR), then the buffer shall be set empty;

ii) the DLE shall issue a DL-UNITDATA-EXCHANGE indication to the initiating DLS-user,

reporting

— the initiating DLSAP-address’s DLS-user/DL-identifier;

c)

redei

the

9.3.3.

When

— the priority of the DLS-user data conveyed by the previousl
that no such DLS-user data was sent (in a CD DLPDU);

— the status conveyed by the received DT DLPDU;

6) if neither 4) nor 5) applies, and the DLPDU sent $0 the respandi
DLPDU, then no DLSDUs were exchanged. In this «€ase, ¥ the, indic
EXCHANGE-transactions parameter which was speeifiethin

of the SD-parameters
Qr an outstanding incomplete re

NOTE This DL-manay ifican 2 e form of incrementing a counter of dig
DLSDUs.

1 Receipt

the DLE receéiy

Whete the DL(SAP)-role for the DLSAP-address from which the transaction initiateg
the/source DLSAP-address of the initiating CA, CD or ED DLPDU) is INITIATOR,

DU, or

a CD

ate-null-UNITDATA-

ND re-

shall
nitiat-
b-user

Df the
quest,
u.

carded

r than

h was

(that

then

a) the receiving DLE shall release the transaction index, N(LTI), used in the immediately
prior CA, CD or ED DLPDU, making it available for subsequent reuse;

b) the receiving DLE shall cancel and delete the timer Ty(MCD) associated with the re-
quest;

c) if the invoking reference was in the DLE’s unscheduled-service queue, Q(US), or had
been dynamically appended to a specified scheduled sequence, then the DLE shall remove
that reference from that queue or sequence appendage;
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d) if the indicate-null-UNITDATA-EXCHANGE-transactions parameter which was specified in
the most recent DL-BIND request primitive for the initiating DLSAP-address had the value
TRUE, then the DLE shall issue a DL-UNITDATA-EXCHANGE indication to the initiating DLS-
user, reporting the initiating DLSAP-address’s DLS-user-/DL-identifier and a status of
“failure — no DLS-user data exchanged”.

9.3.3.5 Expiration of the timer T y(MCD) on an incomplete instance of the unitdata
exchange service

If the timer Ty(MCD) expires on an instance of the unitdata-exchange service, then the DLE

ive usef ninaking
PDWIifetime,

a) shall release the corresponding transaction index and remove it fro
it gqvailable for subsequent re-use only after a period of twice the ma '
V(MDL), of the extended link;

b) shall delete the timer Ty(MCD);

c) shall issue a DL-UNITDATA-EXCHANGE indication to the init
inifiating DLSAP-address’s DLS-user-/DL-identifier
originated failure — request timeout”.

hg the
vider-

9.3.4 |Operation of the listener query service

The pfimitives of the listener query servce are\D

9.3.4.1 Receipt of a DL-L ISTENER-QUE

When| the DLE receives/a™DL- ENE it shall associate the DLStuser-
specified request identifier with|the reguest: Yo request is accepted, as indicated by a
return]ed status of “res ; the/ DL-LISTENER-QUERY request, then | upon
completion of the i fully or after failure, the DLE shall isgue a
DL-Li 5TENER-Q i ith\thie\same frequest identifier, conveying the status of the
requept to the DLS-udsex.

The OL-LISTENE shal/be queued on the DLE’s NODE DL-address user-request
queuq, QN(UR is.a

a) |f b then the DLE shall immediately return the correspgnding
DL}LISTE ERYcopfirm indicating the reason for failure — “provider-originated failure
— gueue

b) |f ,a).does not apply, then the DLE shall start a user-request timer Ty(MCD) with a

dugation based on the user-specified maximum confirm delay for the DL-LISTENER-QUERY

request primitive. If the specified value was other than uNLIMITED, then the duration of this
Pu(MCD

timer should be W; otherwise the duration should be ﬁ. DL-management may

override these preferred durations.

NOTE See the permission at the start of clause 9 with regard to use of V(NRC) versus V(MRC).

c) If a) does not apply, then the DLE shall

— append the request to the DLE's NODE user-request queue, QNn(UR), at TIME-AVAILABLE
priority, where the request shall be placed in the second partition;

NOTE The third partition in the DLE’s QN(UR) is always empty.
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— append a reference to QN(UR) to the DLE’s unscheduled-service queue, Q(US).

9.3.4.2 Transmission of a DL-address query SPDU

Upon receipt of a transmission opportunity for the queued DL-LISTENER-QUERY request, the
DLE shall form and send a DL-address query SPDU as specified in 9.2.3.2.

9.3.4.3 Receipt of a DL-address query SPDU specifying a group DL-address

If a DLE receives a DL-address query SPDU (conveyed by a DT DLPDU) for a DL-address and

DL-ad

dress -class which is active within the DLE, then the DLE shall

a)
ing

b)
pri

c)

9.3.4.

If the
respo
DL-LI

a)

b)
“sy

9.3.4.

If the

a)

form a replying DT DLPDU containing a corresponding DL-addres
the received DL-address query;

append the DT DLPDU to the DLE's NODE user-request gu
Drity;

append a reference to Qn(UR) to the DLE’s unsched

1 Receipt of a DL-address reply SPDU

1) terminate progessing of the request;

2)Npitiate a DL-LISTENER-QUERY confirm with the corresponding request identifi

nfirm-

evant

barent
bf the

orting

FI’ re-

b)

poTtTTg “provider-origimated-faiture — Tequest timmeout ™
Otherwise, if a) does not apply, then the DLE shall
1) restart the timer with the same period as the previous time;

2) requeue the same DT DLPDU for retransmission as specified in 9.3.4.3b).

9.4 Operation of the scheduling guidance services

The scheduling guidance services are the DL-time service, the compel-service service, the
sequence scheduling service, and the sequence subsetting service.
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9.4.1 Operation of the DL-time service

The only primitive of the DL-time service is DL-TIME request.

9.4.1.1 Receipt of a DL-T IME request primitive

When the DLE receives a DL-TIME request, it shall respond with a five-component record as

shown in table 69, whose values are

a) the current value of the time source’s link-id, V(TSL);

b) the quality of the current DL-time, V(TQ), as defined in 8.6b);

c) the current value of the local DL-time-offset, V(DLTO);
d) the current value of the local-link-scheduling-time-offset, V
e) the current value of the local node-time, C(NT).

The OLS-user may then sum the last three values to/determing
use tHe values separately, as appropriate.

Table 69 — C@%@étur ed Q)tl

&’s current DL-tigne, or

octet }qlte

\ (3 Vs
W)

-

>$\’

1
2
4
6
7 V(DLTO)
/\3k
/|
1
13
14 V(LSTO)
15
16
17
18
19
20
21 C(NT)
22
23
24

If the DLE’s time-synchronization class (see 11.3a)) is NONE and the DLE does not maintain
even an estimated C(NT), then it may respond with the values 0...0 for V(TQ), V(DLTO),
V(LSTO) and C(NT), and FFFF4¢ for V(TSL); this latter, which is an invalid link-id, indicates to

the DLS-user the DLE’s incapability.
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9.4.1.2 Transmission of a TD DLPDU

After sending a TD DLPDU, the LAS DLE shall restart its local timer T(TDP), to expire at a time
no greater than 0,95 x V(TDP) in the future (see 5.7.1.25 and 5.7.1.26).

9.4.1.3 Receipt of a TD DLPDU

If the

DLE’s time-synchronization class (see 11.3a)) is NONE, then

a) If the DLE which is not the LAS DLE supports the variables, timers and counters defined
in 5.7.1.19 to 5.7.1.27, then the DLE shall set V(TSL) equal to Ng(TSL), set V(DLTO) equal

to

b)

When
receiv

c)
reg
ch
5.7
SV

d)

e)

Ng(DLTO), and set V(LSTO) equal to

Ns(DLT) + Ng(DLTA) — Ns(DLTO) — NR(NT) + X2 ) modu (19)
Otherwise, when a) does not apply, then the DLE shall ig DLPDU

a DLE other than the LAS DLE, with a time-sync NONE,
es a TD DLPDU, then
the DLE shall restart its local timer T(TDP 2S not
eive a TD DLPDU until after the”expiratit P Syn-
onization within the limits impkh -synchronization-clasy (see
.1.25). The value of this timer sha he_minimum specified for the| time-
chronization-class in 11.3a), but ay be determined locally by the DLE.
the DLE shall note thé
NOTE Variance in fk receipt
of a TD DLPDU of s i that a
single link-wide~poise issions
of CT DLPD@
the DLE shal
— its 1g€a ense of the link-id of that link, within the extended-link, which is
the tim
— it
— its.locally-maintained sense of the quality of DL-time, V(TQ);

1its DI _fima_nffcnf, \/(hl Tﬁ);

— its local-link-scheduling-time-offset, V(LSTO);

— its node-timer frequency

by comparing the local variables V(TQ), V(TSL) and V(LN) with the corresponding fields of
the received TD DLPDU — Ng(TQ) and Ng(TSL) and the DLPDU’s source NODE DL-address
— to detect changes in either the reference source for the time or in the time distribution
path.
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1) If the TD DLPDU’s source NODE DL-address differs from the receiving DLE’s V(LN),
then

i) the DLE shall set V(LN) equal to the source NODE DL-address from the received TD
DLPDU;

ii) the DLE shall inform local DL-management that a change of time source on the lo-
cal link has occurred;

iii) if the DLE requires a measurement of round-trip-delay between itself and the local

LAS —to—maitain—the—reguired—acctracy—for-its—time-svrchtonization—class—then the
—+ E G Y Y t —

DLE shall invalidate V(MD), the prior round-trip-delay-measure urrent

LAS.
2) If the DLE requires a measurement of round-trip-delay bé¢ local
LAS, and if the current value for that round-trip delay, V(MDY i , then
the DLE shall form an RQ DLPDU addressed to V(LN)Q, ahd p DU as
specified in 9.4.5, at NORMAL priority to the DLE’s NO ueue,
QN(UR).

NOTE This is not the queue normally used with the pfocedures af,9
3) If the measurement of round- \ LAS, V(MD), is valid, theén the
DLE shall set its V(TQ) from{the\node-ti ali y ceived
DLPDU, after adjustment of the ' i i extra
intervening link between the sendin D).LLL
when forming V(TQ) to account for th

NOTE Therefore aOL i { , sh i i time to
1) If the time: eceiv-
ing DLE’s @ D), is
valid, then t

bf the
al to
iify inform local DL-management that a change of time source on the extended link has
occurred.

5) If the DL-time-offset, Ng(DLTO), in the received DLPDU differs from the receiving
DLE’s V(DLTO), then the DLE shall

i) set V(DLTO) equal to Ng(DLTO);

ii) adjust all other local references based on DL-time, such as the periodic schedule
DL-time base (TO) in B.3.5.1k), by the amount that V(DLTO) just changed, to reflect
the new DL-time base,;

iii) inform local DL-management that a change in V(DLTO) has occurred.
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6) If the measurement of round-trip-delay to the current LAS, V(MD), is valid, then the
DLE shall compute

TEMP = (NS(DLT) + Ng(DLTA) — Ng(DLTO) — V(LSTO) — NR(NT) + X21)
modulo 2°6 (20)

NOTE The above equation is equivalent in form to the computations in a).

In the following computations, the DLE shall use the value of K specified in table 70.

Table 70 — Time synchronization computation

time-synchronization class value of K for use in e)4) ~

1 ps 4 (\
10ps NN\

100 ps 41?)\ \\ \ >
1ms W%\\‘\ >
10 ms / NS%S\ \
100 ms A\ & } / 429%%

i) If abs( TEMP ), the absol
been the case for the prior tw

E is greater than K, and this has not
PDUs, then the DLE shall

e value of TEMP, is less than or equal to K, or if |it was
two received TD DLPDUSs, then the DLE shall use the
Py together with prior computed values as appropriate, to pdjust

B)to keep the long-term counting rate of C(NT) to increment by approxirlnately
8T92000 (23 % T03) counts/s.

This frequency adjustment shall be maintained until a newer adjustment is computed.

NOTE The details of the filtering algorithm which determines this frequency adjustment are inten-
tionally left to the implementor.

9.4.1.3.1 Additional actions required of a bridge

If the TD DLPDU was received at an active port in the forwarding state (see annex C) which is
the bridge DLE’s root port (that is, the active port toward the root of the bridge spanning tree),
then the DLE shall forward the DLPDU reception event to the bridge operation level (see 5.1.2).
The bridge operation level shall share the received sense of time with
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— those other active ports of the bridge which are currently serving as the LAS on their own
local links;

— all bridge ports which are not in the forwarding or listening states;
— any local DLS-user.
The following also apply.

a) If the bridge has any port other than its root port which is acting as LAS, then the bridge

shatt
1) update the DL-time-offset, V(DLTO), for each of those other pd 54 P sum
of C(NT), V(LSTO) and V(DLTO) for that non-root port egia 8 St C(NT),
V(LSTO) and V(DLTO) for the root port;
NOTE The DL-time-offset, V(DLTO), and local-link-scheduling-t -$pecific
(as are most of the variables of 5.7.5, and thus are maintained
2) if 1) caused a change in the DL-time-offset, \WDLT j iodic gched-
ule DL-time base, TO, in B.3.5.1k) by the sam®e amount ed, to
reflect the new DL-time base;
3) if there was a change in the tig ource
of time distribution of periodic sch lue of
V(TSL).
b) [The bridge operationfe those
other ports which are asting \as
c) [The contents o then-
cufrent valuQ%y C(NT),
V(LSTO) and just-
red
d) — of
thg based on the corresponding fields from the just-received TD
DL N(TQ) shall reflect both
DLE’s timeliness class on the resolution of the forwarded time;
— the)fact that there is one additional bridge in the forwarding path.

9.4.1.4 Receipt of an RQ DLPDU

When the DLE receives an RQ DLPDU, it shall form and send as an immediate reply a ROUND-
TRIP-DELAY REPLY (RR) DLPDU

a) whose destination DL-address equals the source address of the received RQ DLPDU;

b) whose source address is formed by concatenating the sender’s node-id, Vg(TN), and an
octet of zero;

c) whose first two parameter subfields equal the parameter subfields, respectively, of the
received and appended-to RQ DLPDU.
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9.4.1.5 Receipt of an RR DLPDU

When the DLE receives an RR DLPDU, if the DLE maintains C(NT), then it shall, within some
reasonable period not exceeding 60 s, compute the round-trip delay, RTD, as a function of the
four parameter subfields of the received and appended-to RR DLPDU, as:

RTD = ( short-time4 — short-timeg + short-times — short-timeq ) modulo 224

(21)

where the fields are numbered in their order of transmission (or appending) within the DLPDU.
If the remote DLE in the measurement was the current LAS DLE, V(LN), then the computed

delay

shall be saved as the measured-delay

which
in equ

The r¢
to red

9.4.1.

If the

a)
TD,

b)
tun

9.4.2

The o

V(MD) = RTD

thereby becomes valid for use in C(NT) frequency-adjustment
ation (15) (see 9.4.1.3).

bsults of several round-trip measurements with the sax
Lice the mean error in V(MD).

6 Expiration of the timer T(TDP)

limer T(TDP) expires, then

f the DLE is the local link’s LAS,
DLPDU at the first opportunity;

g the requirement to tran

otherwise the DLE
ity.

Operation<>
nly primitive :

1).if the DL-address is bound to a sending queue, and the humber of DLSDUs in th

bined

EMit a

transmit a CT DLPDU at the first ¢ppor-

| take

lisher

b third

partition of that DL-address’s user-request queue, Qa(UR), which are waiting
DL-COMPEL-SERVICE request primitive is non-zero, then the DLE shall

for a

i) adjust the local DL-address’s user-request queue, Qa(UR), by reducing that num-

ber (of DLSDUs in the third partition) by one;

ii) reassign the highest-priority request, from that third partition to the second parti-
tion, unless such movement would cause the sending window size of the addressed

DLCEP to be exceeded;

NOTE 1 The restriction in ii) above applies only to peer and publisher DLCEPs, and never to

DLSAP-addresses.
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NOTE 2 Implementations are permitted to defer the actual reassignment until the occurrence of a
transmit opportunity for the DLSDU being reassigned. Such deferral may permit a subsequently-
requested higher-priority DLSDU to be reassigned in lieu of the DLSDU that would have been reas-
signed at the moment when the DL-COMPEL-SERVICE request was made. However, in no case may an
implementation accumulate a “quota of DL-CoMPELled requests” which extends beyond the next time

that the third partition of the queue QA (UR) becomes empty.

i) form a reference to that DL-address’s Qa(UR) at the priority specified in the
DL-COMPEL-SERVICE request, where the reference indicates the need to send a
DLSDU from the sending queue identified in 1), and append the reference to either

A) the specified scheduled sequence, if the DL-COMPEL-SERVICE request specified

b)
theg

a sequence-identifier, or

B)the DLE’'s unscheduled-service queue, Q(US), if no
specified in the request;

iv) return an immediate status of “success”.

Otherwise, when no reassignment occurred, the DL mediate stg

‘user failure — no DLSDU to release”.

the DLCEP’s pyiori
the sending buffer

the remote peer‘or publisher DLCEP of a local peer or subscriber DLCEP, respeg
n the DLE shal

ief was

tus of

LSDU

U re-

EP, at
from

ecified

I was

tively,

1) form a reference to the Qa(UR) of the specified local peer or subscriber DLCEP, at

the DLCEP’s priority, where the reference indicates the need to compel the transm

ission

of a DLSDU from the remote correspondent peer or publisher DLCEP identified in b), and

append the reference to either

i) the specified scheduled sequence, if the DL-COMPEL-SERVICE request speci
sequence-identifier, or

fied a

ii) the DLE’s unscheduled-service queue, Q(US), if no sequence-identifier was speci-

fied in the request;

NOTE The above reference is distinguishable from references which result in local release of DL

2) return an immediate status of “success”;

SDUs.
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c) alocal (to the DLE) DLSAP-address whose DL(SAP)-role is INITIATOR, then the DLE shall

1) form a reference to that DL-address’'s Qa(UR) at the priority specified i
DL-COMPEL-SERVICE request, where the reference indicates the need to compel

n the
an in-

stance of the unitdata-exchange service with the specified remote DLSAP-address, and

append the reference to either

i) the specified scheduled sequence, if the DL-COMPEL-SERVICE request speci
sequence-identifier, or

fied a

- ) ) = speci-
fied in the request;
2) return an immediate status of “success”.
d) [Some other DL-address, then the DLE shall return an imnyée erfailuyre —

inv
9.4.3

The p
confir

The apility of a DLE to respond positive

by bd
DL-m

alid DL-address”.

Operation of the sequence scheduling service

rimitives of the sequence scheduling service DUDE-3EQUENCE requey

QUENCE request is deter
at is, not pre-configur
ability to support that sche

th the DLE’'s own abilities to
hnagement) request, and the

5t and

mined
ed by
duling

process. The conformance formation on the DLE’s capabilities.
9.4.3.L Receipt of a DIxS CHED
When|the DLE regsjves S , ENCE request, it shall assign a schedule idgntifier
to the request @ 4 i ds part of the DL-SCHEDULE-SEQUENCE rgquest
primitfve.
Upon [completion of the g _réquest, either successfully or after failure, the DLE shall
issue|a DL- sE confirm with the same schedule identifier, conveyirg the
statuq of the sched to the DLS-user. If the scheduling request failed, then the DLE
shall felgasethe skhedule\identifier, making it available for subsequent reuse.
NOfE 1 D QUENCE confirm indicates completion of the scheduling of the associated sequence,
eithler locally, ofNin conjunction with the local LAS; it does not indicate completion of the execution|of that
sequence.“An impleéntation which defers issuing DL-SCHEDULE-SEQUENCE confirm primitives until after the

con

pletion)of their scheduled sequences is erroneous.

The sequence itself is defined in terms of primitive sequence components specified in 29.3.2.2
of IEC 61158-3, and in annex B to this standard.

NOTE 2 The specific representations of these primitive sequence components within an end-system is a local-
view issue, outside the scope of open system standardization. However, annex B does include a standardized
representation for some of these components when they are communicated between end-systems and an LAS
DLE, and implementations may choose to use that same representation locally. Formal DL-programming-
interface specifications, which would include the details of such an encoding, could standardize this or a similar
local representation.

The DLE shall determine the class of scheduling operation requested, based on the sequence
definition and the type of schedule requested.
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If the Schedule Type parameter has the value ONE-TIME or PERIODIC, then

a) if the sequence consists of a single element, and the Schedule Type parameter has the
value ONE-TIME, and the Desired Starting Time parameter specifies IMMEDIATE, and the
sequence-priority parameter specifies a priority less than or equal to the intrinsic priority of
the single element, then the DLE shall append a reference to the requested sequence at the

Sequence Priority to the DLE’s unscheduled-service queue, Q(US);

b) else if a) does not apply and the sequence consists of one or more elements, all of which
are references to DLCEPs remote from the DLE, none of which are for DLCs specifying

EXTRA DLPDU-authentication, then the DLE shall

source DL-address equal to the NODE.O DL-address,
DL-support functions;

3) append the DT DLPDU to the DLE’'s NODE
vant priority;

1) append a reference to Qn(U

If the Schiedule Type parameter has the value REPETITIVE, then

LABLE
, and
DLE’s

rele-

E was

ence;

pof the
e se-

Speci-

d) the DLE shall append a reference to the requested sequence at the Sequence Priority to

the DLE’s unscheduled-service queue, Q(US).

It is permitted, but not desirable, for a sequence that meets the requirements of b) to be
executed locally as in a), c) or d). It is also permitted, but not desirable, for a sequence that
meets the requirements of a) or ¢) to be sent as an SPDU as in b) to the LAS for remote
execution; this permission requires that the SPDU syntax (see annex B) be capable of

conveying the necessary information.

NOTE Application of a DLS-request confirm delay to a DL-SCHEDULE-SEQUENCE request primitive is for future

study.
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9.4.3.2 Receipt of a DL-C ANCEL-SCHEDULE request primitive

When the DLE receives a DL-CANCEL-SCHEDULE request, it shall determine the class of
scheduled sequence being cancelled:

a) If the sequence is locally scheduled (see 9.4.3.1a) or d)), then the DLE shall
1) remove the reference to the schedule from the unscheduled-service queue, Q(US);
2) issue a DL-CANCEL-SCHEDULE confirm with the identifier of the cancelled schedule;
3) release the schedule identifier, making it available for subsequent re
b) |f the sequence is centrally scheduled but locally executed (see, 9 b DLE
shall
1) remove the reference to the schedule from the DLSEP th the
schedule;
2) form a cancel-schedule SPDU (see B.3.4.4);
3) include that SPDU as the DLSDU of a LABLE
priority with a SHORT destination/’Dh-addfe , and
source DL-address equal to th DLE’s
DL-support functions;
1) append the DT D rele-
vant priority;
5) append a refe
c) [f the seque S led and centrally executed (see 9.4.3.1b)), then the
DLE shall form g @
9.4.3.8 Receip
If the DLE , then
the DLE sh
a) issuera DL-CANCEL-SCHEDULE confirm with the identifier of the cancelled schedule;
b).r€lease the schedule identifier and the associated DLSEP-address, if any, making it

(them) available for subsequent reuse.

9.4.3.4 LAS-initiated schedule cancellation

If the DLE receives a schedule-cancelled SPDU from the LAS, then the DLE shall determine
the class of scheduled sequence being cancelled:

a) If the sequence is centrally scheduled but locally executed (see 9.4.3.1c)), then the DLE
shall

1) remove the reference to the schedule from the DLSEP-address associated wi
schedule;

th the
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2) issue a DL-CANCEL-SCHEDULE confirm with the identifier of the cancelled schedule;

3) release the schedule identifier and the associated DLSEP-address, making them
available for subsequent reuse.

b) If the sequence is centrally scheduled and centrally executed (see 9.4.3.1b)), then the
DLE shall

1) issue a DL-CANCEL-SCHEDULE confirm with the identifier of the cancelled schedule;

2y Tetease the schedute iaentifier;, Tmaking it avaitabie for SubSequent TEUSE.

9.4.4 |Operation of the sequence subsetting service

The primitives of the sequence subsetting service are DL-SUBSE pqt and

confirm.

9.4.4.L Receipt of a DL-S UBSET-SEQUENCE request primitix

When
a) S hen the DLE shall retdirn an
ap 'St
b) ested
an ided by

the

9.4.5

When|[ the DLE receives a "D
DL—scheduIing-p 2
respopse as soon Y

respopse. If the re

DLE S

icable
st or
est or
en the

a)

| SAP-
address;

2)(faor’connection-oriented procedures (see 9.2),

i) the associated local DLCEP-address for DT DLPDUs when the sending DLCEP’s
DLCEP-class is PEER Or PUBLISHER, Or

ii) the associated sending (calling or responding) DLSAP-address for EC, DC and RC
DLPDUs, or

iii) either i) or ii) for DT DLPDUs when the sending DLCEP’s DLCEP-class is
SUBSCRIBER;

3) for other procedures (see 9.4), the queue designated by the procedure;
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b) append the request, at the appropriate priority, to that Qa(UR), and adjust that queue, if

necessary, so as not to increase the total number of queue members which are in the third
partition of the queue, if any;

c) append a reference to that Qa(UR), at the appropriate priority, to the DLE’s scheduled-
service queue, Q(US).

10 Other DLE elements of procedure

Throu abling
condifion does not occur then the correspondlng action also does not occdr. fect is
that e i edure
will hgve no consequential actions with respect to that specific service.procedu

10.1 PLE initialization
10.1.1 Hardware or host-system initialization
ate, in which it is

T indication notifying
ed by

Upon |power-up or after being reset, a DLE shall e
incapd@ble of transmission on the local link, and sh
DL-management of the event. The DLE shall re
DL-m@anagement to commence normal

DL-refeption in the OFFLINE state is per

The RhE reports its characterlstlcs tq th b initialization, ified in
5.4.1.L. If the reported LPDU-

PhL-ogverhead, V(PhLO), local
D-ma

10.1.7

When S , it shall associate the DLMS-user-spgcified
requep i S status
of “re , |either
succe guest

identifi
10.1.1.

Figure 9 shows the state transitions between a DLE’s offline and online states.



https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

61158-4 © IEC:1999 — 281 -

offline learnLinkVariables waitForPN waitForNodeActivation online
1— 1 2 3=/ 1 5 6 — |
12 ;l
23
{ 21 "
26\ )
35 }
{ 31 56 ’l
< 53
65
33 4
watchingTN
4
4
T
" 43

If the , then
the D
a) [f the DLE’s currently-assigned NOD iS i >fange F816 .. FF16 (see A.2.2),

thgn the DLE shall randomly choose
that modified address as its current
a rlew NODE DL-addresg i i0

NOTE This requifems
choices by idetica
lamong multis
or misconfiguratio

b)
thg

—the’Ph-parameters required for forming the PN DLPDU (see 7.13.2);

Q bits of that NODE DL-address, |adopt
g, and use the resulting addresp until
theNDLE. The actual random choice shall be

lentical
ination
ph fault

h, and

— the DL-parameters of the local link enumerated in the node-activation SPDU (see

B.3.2.2],

then the DLE shall enable the link-activity-monitoring and CL DLPDU transmission activities

of 7.19.3, and if successful in claiming the scheduler token, shall

— change its DL-state to ONLINE;

— issue a DLM-EVENT indication notifying DL-management of the event.

c) The DLE shall enable the NODE DL-address monitoring activities of 7.13.4 and 7.15.4 and

PR DLPDU transmission activities of 7.14.3:
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1) The DLE shall learn the DLL protocol version and some of the PhL and DLL configu-
ration parameters of the local link from the PN-parameters of any received PN DLPDU
and enter the waitForPN state.

2) If the DLE receives a PT DLPDU addressed to its currently-assigned NODE
DL-address, then the DLE shall monitor the apparent usage of its currently-assigned
NODE DL-address (by another DLE on the local link) as follows:

i) If the currently-assigned NODE DL-address is in the range 101¢ .. F716 (see A.2.2),

then the DLE shall enter the watchingTN state, and if the DLE detects that its cur-
rently-assigned NODE DI -address is in use by another DI E (by detecting a subsequent

then

3) If the DLE receives a PN DLPDU add
DL-address, and

immediate-response DLPDU, using the same procedure that the LAS.uses to njonitor
the response to a transmitted PT DLPDU as specified in 7.15.3

t shall
p a);

ii) If the currently-assigned NODE DL-address is in the ra Y 5 (S \.2.2),

NODE

— the DLE is|ab ithi , ed by

the recei '
NOTE Th:ie;

check the para
rameters ma

sary to
the pa-

—the DLE’s required minimum-inter-DLPDU-delay is less than or equal o the

vatue of V(D) specified T the Teceived PN DEPDU;

— the DLE’s required maximum-response-delay is less than or equal to the value
of V(MRD) specified in the received PN DLPDU,

NOTE The above two comparisons are made between the local link’s configured value of V(MID)
and V(MRD) as received in a PN DLPDU and the DLE’s minimum requirements (that is, its device
capabilities) for these two parameters. The DLE sends its minimum required values in a PR SPDU.
Any DLPDU sent by any DLE, including any PR DLPDU, is required to use the link’s configured value
of V(MID) for delaying its transmission, as specified in 6)2)5).

then the DLE shall change its state to waitForNodeActivation;

iii) if ii) does not apply, then the DLE shall restart this procedure with step a).
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4) If the DLE is in the waitForNodeActivation state, and

i) ifa PN or PT DLPDU is received then the DLE shall restart this procedure wit
a).

ii) if a DT DLPDU is received, and the DT DLPDU contains a node-activation

h step

SPDU

(see B.3.2.2), and the N(RID) field of that SPDU equals the value of V(RID) (see
5.7.1.18) which was used in the probe-response SPDU conveyed in the PR DLPDU

last sent by this DLE, then the DLE shall

r\hahgn its r\r\nfigllrafinn vatiables—to-reflect-the-contents—of-that-received

node-

If the
the D

10.1.3

activation SPDU;

— change its DL-state to ONLINE;
— issue a DLM-EVENT indication notifying DL-managém

i) if

field of the received node-

then the DL S [ ently assigned NODE DL-address is in use
other yMmization procedure of a), if appropriate,
change | ad Shall behave as in 2) and 3).
DLM-ACTIOf at the DLE should change its DL-state to OFFLINH
LE shall
cha
ssue a NT indication notifying DL-management of the event.
Reeceipt of a PN DLPDU while in the ONLINE state

ctivatis i
5.7.1.18) whichwas used_in thee—re ponfise SPDU conveyed in the PR DLPDU

-link’s

(RID)
(see

Dy an-
shall

, then

If the DLE is not in any of the initialization states of 10.1.2.1, and the DLE receives a PN
DLPDU addressed to its currently assigned NODE DL-address, and the DLE supports the
protocol version specified in that PN DLPDU, then

the DLE and its associated PhE shall be configured as specified in that PN DLPDU;

— if the DLE is able to respond within the maximum-reply-delay, V(MRD), specified by the
received PN DLPDU, then

i) The DLE shall respond as in 7.13.4 and 7.14.3.
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i) if

— the DLE’s required minimum-inter-DLPDU-delay is less than the value of V(MID)
specified in the received PN DLPDU;

— the DLE’s maximum-response-delay is less than the value of V(MRD) specified in
the received PN DLPDU,

the DLE shall change its state to waitForNodeActivation and behave as specified in
10.1.2.1c)4).

NOTE The DLE shall not disconnect any DLCEPs or do any other initialization a
normally after it changes its state from waitForNodeActivation to ONLINE.

ad continue o pbperate

iii) If
— the DLE does not support the protocol version speci i d\PN DUPDU,

— the DLE is not able to respond within the maxim
by the received PN DLPDU, or

(MRD), specified

— ii) does not apply,

then the DLE shall

— issue a DL-Disconnect indidation_to al.n DLCEPs;

h\an appropriate status for any outstanding DL$-user

nitialization necessary to transition the DLE to the OFFLINE ptate;

10.2 |LAS behavior and operation

10.2.4 LAS)operation when holding a scheduler token

The LASDtE—shattmittate—each—scheduted—transaction—at—its—scheduted—tme—withimthe jitter
limits permitted by the schedule for that transaction.

The LAS DLE shall repetitively use the following procedure to determine the next (unsched-
uled) transaction, subject to the constraint that the transaction can be completed before the
next scheduled activity.

a) If the LAS DLE is required to send a TD DLPDU, then it shall send a TD DLPDU.

b) If the LAS DLE has not completed the current cycle of “circulating the token”, as indi-
cated by the fact that
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— the next DLE to receive the PT DLPDU is not the lowest-numbered NODE DL-address
represented in V(LL), or

— the value of the final-use subfield of that next PT DLPDU will be CONTINUE,
then

1) The LAS DLE may use the available bus capacity for link maintenance as specified in
10.2.1¢)2).

it may
2, pro-
vided this use is limited to sending one ES DLPDU to the DL-addte ifiedyin the ES
DLPDU per cycle of “circulating the token”.

3) If the available link capacity permits, then the LAS D DU as

specified in 7.15.3.2;

1) Otherwise, when 3) does not apply and the ayvaiabte ent to
send a PT DLPDU, the LAS DLE shall repetitively use rmine

en the
bd the

ii) If i) does not<@ ; i ici B new
node address in 7 ‘ ure of
7.13.3.
i) If nel

iv)H-none~afA) to iii) applies, and the duration until the next scheduled transactipn ex-
ceeds token-recovery-delay slot-times, P(TRD) x V(ST) octet-durations, then thge LAS
DLE shall send one or more IDLE DLPDUSs of appropriate length to keep the locjl link
from experiencing an excessive period of inactivity.

Any such link capacity which is not adequate for the procedure of 7.15.3 need not be
attributed to the duration of token usage allocated for the LAS DLE’s link-maintenance
activities.

c) Otherwise, when b) does not apply, so that the LAS DLE has just completed a cycle of
“circulating the token”, then

1) If the LAS DLE has a need to transfer its role to another DLE, then

i) the LAS DLE shall not start the next cycle of “circulating the token”; but instead
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ii) the LAS DLE shall send all DLPDUs which it has already scheduled for transmis-
sion from the generic source address for the local LAS, 040016 (see A.3.2), after

which
iii) the LAS DLE shall send a TL DLPDU as specified in 7.20.3.

2) Otherwise, when 1) does not apply, then the LAS DLE shall send all link-maintenance
DLPDUs (see 5.7.5.9) which are queued for transmission, if necessary over an interval of
one or more cycles of “circulating the token”, so that the link capacity used for link main-
tenance during one cycle of “circulating the token” does not exceed the configured link-
maintenance-token-holding-time, V(1 THT)

The LAS DLE shall repetitively use the following criteria to deteryxs next-transac-

tion.

i) If there is a need to send a node-activation SPDU, then ch an

SPDU (in a DT DLPDU).

ii) If i) does not apply, and the LAS DLE has ng Js during the just
completed cycle of “circulating the token”, the h Rall’send a PN D|LPDU
to the next NODE DL-address to be probed, as spegi i

han a

After completing any such permitted t [ cle of
circulating the token”

TE The LAS DLE will pexform ag Q i A\ ible, ifi , , ided that
transactions can be ¢g e

Return o

a delegated to L LPDU,

he LAS DLE te the value of the DD-parameter of that received Rl DLPDU
e DLE retuhqi ‘ ; and’use it as the minimum token delegation time for sending
xt PT D as required in 7.15.3.1d)3).

aldelegatedyy Which was delegated by an ES DLPDU is returned by an Rl DLPDU,
e LA 3 reck whether the delegating ES DLPDU was the last delegation of a
uled seq as indicated by the encoding specified in B.3.5.2.2a):

If |t was not the last delegatlon within the current cycle of that scheduled seguence

requested by the just- recelved RI DLPDU;

b)

Otherwise, when it was the last delegation of a scheduled sequence, then the DLE may,

but need not,

1) associate the value of the DD-parameter of that received Rl DLPDU with the destina-
tion DL-address of that ES DLPDU;

2) note the need to send another ES DLPDU with a final token use subfield equal to
CONTINUE to the requesting DL-address, during an interval of otherwise-unscheduled bus
capacity.
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When the LAS DLE assumes a scheduler token due to link inactivity, on expiration of a link
monitoring interval, then the LAS DLE shall initiate transmission of its next DLPDU such that
there is no more than 14 slot-times, 14 x V(ST) octet-durations, of inactivity on the local link.

The LAS DLE may measure the duration for which the token has been delegated, and i

f that

duration expires before the token is returned, then the LAS DLE may assume the scheduler

token immediately upon that expiration.

If the delegated token has not been returned, and it is time for the next scheduled activity, then

the LAS DLE may assume the scheduler token immediately.

10.2.3 Receipt of a probe-response (PR) SPDU
If ongl or more PR DLPDUs are received in response to a PN DLPD DLE,
then the LAS DLE shall process the first received PR DLPDU (see n this
claus¢, and shall discard all of the other PR DLPDUs received during w.
The UAS DLE shall compare the values specified in the minjm MID),
and maximum-response-delay-in-octets, V(MRD) x V(ST),i ) with
the sgme parameters as configured for the local link.
If
— the responding DLE’s V(MID) i e for
V(MID);
— the responding DLE’s V(MRD) is e for
V(MRD),
then
a) the LAS D@n (RID)
field of the receivee
DLE,
—<a_ SHORT destination DL-address equal to the NODE.O DL-address of the respgnding
DLE’s DI =SupnOort functions:;

— a SHORT source DL-address of the local LAS, 040016 (see A.3.2);

— a null SD-parameter field;

— the required node-activation SPDU as the conveyed DLSDU.

c) after sending this DT DLPDU, the LAS DLE shall include the NODE DL-address of the

responding DLE in its local-link live-list, V(LL).
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d) If the token-circulation-not-needed field, N, of the responding PR SPDU was set to 0 (no,
token circulation is needed), then the LAS DLE shall include the NODE DL-address of the
responding DLE in its local-link-token-circulation-list, V(TCL).

e) The LAS DLE shall publish the live-list change in one of the following two ways:

then t

10.2.

1) the LAS DLE shall

i) increment the live-list revision-number;

affected DLE and its status;

iii) schedule the transmission of a connectionless DT DLPD

— format 1S,
— NORMAL priority,

DL-address fd

r the

2) the LAS DLE § DL-address of the affected DLE and its stdtus to
an existin , 4 ing. a NveAist-change SPDU, formed as in 1) and 2),|which
has previo ¢ ansmission but has not yet been sent.
vise, when €i
the responding\DL ) is greater than the link’s configured value for V(MID), or
the V(MRD) is greater than the link’s configured value for V(MRD)),
he DLE-shall™notify its local DL-management.
Lack of response to a PT DLPDLU

If a DLE does not send any DLPDU in response to a PT DLPDU addressed to the DLE, as
specified in 7.15.4.1, then the LAS DLE shall note the event. After three such non-responses
for any specific NODE DL-address within three consecutive cycles of “circulating the token”, the
LAS DLE shall

a) remove that NODE DL-address from the LAS DLE’s local-link token-circulation-list,
V(TCL), and local-link live-list, V(LL);

b)

publish the live-list change as specified in 10.2.3e).

10.2.5 Receipt of a live-list-request SPDU

The LAS shall
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a) form a live-list-detail SPDU (see B.3.2.6);
b) schedule the transmission of a connectionless DT DLPDU with
— format 1S;

— NORMAL priority;

— a SHORT destination DL-address equal to the source DL-address of the DLPDU which
conveyed the live-list-request SPDU, or equal to the group DL-address for the DL-support

functions of all | M DI F's on the local link 010144 (see A 3 2):

— a SHORT source DL-address of the local LAS, 0400416 (see A.3.

— a null SD-parameter field;
— the required live-list-detail SPDU as the conveyed DAS

10.2.4 Receipt of a relinquish-LAS-role-request SPDU

If the [LAS had already noted the need to transfer the LAS rolepthen
receijed SPDU, else the LAS shall note the need AN s . role.

10.2.1 Other link-maintenance requirem

Whengever there is a change in the L
the most recent LAS DL
betwe)
SPDU
and lg

a)

b)

— a_SHORT ©
functions of all LM DLE’s on the local link, 01011¢ (see A.3.2);

ination DL-address equal to the group DL-address for the DL-s

e LAS shall igndfre the

r than
time
status
.5.20)

ipport

— a SHORT source DL-address of the local LAS, 040016 (see A.3.2);

— a null SD-parameter field;

— the required LAS-database-status SPDU as the conveyed DLSDU.

10.2.8 Receipt of a link-master-parameters-request SPDU

The LAS shall

a) form a link-master-parameters-reply SPDU (see B.3.2.12);
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b)
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c)
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schedule the transmission of a connectionless DT DLPDU with
— format 1S;
— NORMAL priority;

— a SHORT destination DL-address equal to the source DL-address of the DLPDU

which

conveyed the link-master-parameters-request SPDU, or equal to the group DL-address

for the DL-support functions of all LM DLE’s on the local link, 01011¢ (see A.3.2);

— a SHORT source DL-address of the local LAS, 04001 (see A.3.2);

— a null SD-parameter field;

Receipt of a token-hold-time-request SPDU

Starting NODE DL-address field of the received S DLE shall

as necessary to ser

-live-list, V(LL);
form one token-hold-time-array SP DL-address field with a
yero;
for each token-hold«(ime U%dule the transmission of a connectionle
PDU with
— format 1

ess equal to the source DL-address of the DLPDU
e-request SPDU, or equal to the group DL-address f
LM DLE’s on the local link, 010116 (see A.3.2);

L-a

—a.null SD-parameter field;

d the

value

ss DT

which
pr the

— the required token-hold-time-array SPDU as the conveyed DLSDU;

such that the token-hold-time-array SPDU with a starting NODE DL-address field with a value
of zero is sent after all of the other token-hold-time-array SPDUs have been sent.

Otherwise, when the starting NODE DL-address field of the received SPDU is nNO15, Wwhere N =1
to F16, then the LAS DLE shall

d) form one token-hold-time-array SPDU with a starting NODE DL-address field equal to the
starting NODE DL-address field of the received SPDU;
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e) schedule the transmission of a connectionless DT DLPDU with
— format 1S;

— NORMAL priority;

— a SHORT destination DL-address equal to the source DL-address of the DLPDU which
conveyed the token-hold-time-request SPDU, or equal to the group DL-address for the

DL-support functions of all LM DLE’s on the local link, 01011 (see A.3.2);

— a SHORT source DL-address of the local LAS, 040016 (see A.3.2);
— a null SD-parameter field;

— the required token-hold-time-array SPDU as the conveyed D
Else, the received SPDU is invalid and shall be ignored.

10.2.10 Receipt of a schedule-summary-request SP

The LAS shall

a) form a schedule-summary SPDUXsee

%onl 3SR

b) schedule the transmission of a cgnne DILPDU with
— format 1S;

— TIME-AVAILABLE priofi

— a SHORT

the DL-supy DLE’s on the local link, 010114 (see A.3.2);

— therequiredvschedule-summary SPDU as the conveyed DLSDU.

(= |

conveyed the s 6 Aary<réquest SPDU, or equal to the group DL-addre

which
ss for

10 2 4 0D H Y £ la la P | £+ oD
L. LD MUTLTTPUTUT A SUDSUTITUTTCTTTYUTOU OT" U

If the schedule version-number field of the received SPDU is equal to the schedule version-

number field of the currently active schedule, then

a) If the subschedule identifier field of the received SPDU is 00, then the LAS DLE shall

1) form as many subschedule SPDUs (see B.3.5.2) as necessary to send all of the sub-

schedules of the currently active schedule;

2) form one subschedule SPDU with a subschedule identifier field with a value of zero;
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3) for each subschedule SPDU, schedule the transmission of a connectionless DT

DLPDU with
— format 1S;
— TIME-AVAILABLE priority;

— a SHORT destination DL-address equal to source DL-address of the DLPDU

which

conveyed the subschedule-request SPDU, or equal to the group DL-address for the

DL-support functions of all LM DLE’s on the local link, 0101414 (see A.3.2);

— a SHORT source DL-address of the local LAS, 040016 (see A.3.

— a null SD-parameter field;

— the required subschedule SPDU as the conveyed D

su¢h that the subschedule SPDU with subschedule identi Qua 0 is sent atter all
otHer subschedule SPDUs are sent.
b) Otherwise, when the subschedule identifie ived SPDU is non-zeo and
equial to the subschedule identifi s of the currently jactive
schedule, then the LAS DLE shall
1) form one subschedule SPDU Wi ' identifier field whose value is|equal
to the value of the subschedule ientil ofthefteceived SPDU;
2) schedule the transn d ohlectionlg$s DT DLPDU with
dress equal to source DL-address of the DLPDU |which
g-request SPDU, or equal to the group DL-address for the

LM DLE’s on the local link, 010116 (see A.3.2);
— a SHORT. Souxce DL-address of the local LAS, 040016 (see A.3.2);

—awnull SD-parameter field;

— the required subschedule SPDU as the conveyed DLSDU.

c) Otherwise, when the subschedule identifier field of the received SPDU is non-zero and is
not equal to the subschedule identifier of any of the subschedules of the currently active
schedule, then the LAS DLE shall

1) form a schedule-summary SPDU (see B.3.5.1);
2) schedule the transmission of a connectionless DT DLPDU with

— format 1S;
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— TIME-AVAILABLE priority;

— a SHORT destination DL-address equal to the source DL-address of the DLPDU
which conveyed the subschedule-request SPDU, or equal to the group DL-address for

the DL-support functions of all LM DLE’s on the local link, 01011¢ (see A.3.2);
— a SHORT source DL-address of the local LAS, 040016 (see A.3.2);

— a null SD-parameter field;

— the schedule-summary SPDU as the conveyed DLSDU.
If the pchedule version-number field of the received SPDU is not equal rsion-
number field of the currently active schedule, then the LAS DLE bdule-
summary SPDU as in c).
10.3 PL-support operation
A DLE’s DL-support functions receive each DT DLPDRU dn DL-addre¢ss of
NODE.D, V(TN).O (see 7.7.4.1.1d)), addressed to th uch a
DLPDU, the DLS-user data included in the receiv as an
SPDU as specified in annex B:
a) If the received SPDU is a DL-addres it as
spe¢cified in 9.2.3.3 or 9.3.4.3 dependin
b) |f the received SPD it as
specified in 9.2.3.4 or 9
c) If the received it as
specified in 9
d) [f the source & -link’s
LAPB, 4.0, and { tess it
as [specified\n
e) [f thexeceived 5 it as
specified i
f) [f thereceln it as
specifiedyin 10.3.2.

g) If the received SPDU is a live-list-detail SPDU, then the DLE shall process it as specified
in 10.3.3.

h) If the received SPDU is a live-list-request SPDU, then the DLE shall process it as
specified in 10.2.5.

j) If the received SPDU is a relinquish-LAS-role SPDU, then the DLE shall process it as
specified in 10.2.6.

k) If the received SPDU is a link-master-parameters-reply SPDU, then the DLE shall
process it as specified in 10.3.5.

m) If the received SPDU is a token-hold-time-array SPDU, then the DLE shall process it as
specified in 10.3.6.
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n) If the received SPDU is a link-master-parameters-request SPDU, then the DLE shall
process it as specified in 10.2.8.

p) If the received SPDU is a token-hold-time-request SPDU, then the DLE shall process it

as

specified in 10.2.9.

q) If the received SPDU is a schedule-summary-request SPDU, then the DLE shall process
it as specified in 10.2.10.

r) If the received SPDU is a subschedule-request SPDU, then the DLE shall process it as
specified in 10.2.11.

s) [If the received SPDU is a schedule-summary SPDU, then the D precess it as
spe¢cified in 10.3.7.
t) |f the received SPDU is a subschedule SPDU, then the DLE sha pecified
in 10.3.8.
u) [If the received SPDU is a scheduling-completed SPDY 5 it as
specified in 9.4.3.3.
v) If the received SPDU is any other SPDU, ified in
(B.Y).
10.3.1
The rp eived
SPDU ision-
numbege
a)
b)
ion DL-address for the local LAS, 04001¢ (see A.3.2);
— & SHORT source DL-address equal to the NODE.O DL-address, V(TN).0, of the sending
DLE’s DL-support functions;

— a null SD-parameter field;

— a live-list-request SPDU as the conveyed DLSDU.

A reference to the DLE’s NODE user-request queue, Qn(UR), shall be appended to the

LM DLE’s unscheduled-service queue, Q(US).

The receiving LM DLE shall compare the schedule version-number specified in the received
SPDU with the schedule version-number of its own local copy of the link schedule. If the two
ule version-numbers differ, and if the schedule-type field, T, in the received SPDU
indicates that the LAS DLE is capable of transferring its schedule to other LM DLEs, then the
LM DLE shall

sched
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c)

d)

form a schedule-summary-request SPDU;

schedule the transmission of a connectionless DT DLPDU with
— format 1S;

— NORMAL priority;

— a SHORT destination DL-address for the local LAS, 04001¢ (see A.3.2);

10.3.7

receiv
the re

10.3.3

The rg

— a SHORT source DL-address equal to the NODE.O DL-address, V(T
DLE’s DL-support functions;

— a null SD-parameter field;

— a schedule-summary-request SPDU as the conveyed D

the firstunpelled*node’s NODE DL-address , V(FUN);

thé.number-of-consecutive-unpolled-nodes, V(NUN)

of thecsd

nding

to the

en the
ed by

as ind

icated by the received SPDU.

10.3.4 Request for LAS parameters by an LM DLE

A link

master requires the following parameters to operate as the LAS:

a) the local link’s configuration parameters defined in 5.7.5 and included in the link-master-
parameters-reply SPDU (see B.3.2.12);

b) the local-link-live-list, V(LL);

c) the expected-non-response-list, V(ENRL);
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d) the token-circulation-list, V(TCL);

e) the maximum-token-holding-time-array, V(MTHA);

f) the local link’s schedule;

g) a sense of the current LAS DLE’s DL-time.

If a link master DLE does not have the necessary parameters required to operate as the LAS,
as may be the case when the link master DLE has just changed its state to ONLINE, then the

link m
conng
local

the lin

After
paran
summ

If the
DLPD

appro

10.3.5

The 0
and

nof

configuredsval

ctionless DT DLPDUs each with format 1S, NORMAL priority, a desti address
LAS, 040016 (see A.3.2), and a source address of V(TN).00:

a link-master-parameters-request SPDU (see B.3.2.11);
a token-hold-time-request SPDU (see B.3.2.13);

a live-list-request SPDU (see B.3.2.5);

A schedule-summary-request SPDU (see B

f the D

e thatit is capable of operating as the local link’s LAS.

AS in
of the

aster-
edule-

a PT
dress,
PDUs

5 LAS

link’s
shall

10.3.6 Receipt of a token-hold-time-array SPDU by an LM DLE

If the starting NODE DL-address field of the received SPDU (see B.3.2.14) is NO1g, Where N = 1
to F1¢ then the DLE shall

— update the maximum-token-holding-time-array, V(MTHA) from the maximum-token-hold-

tim

e values received in the SPDU;

— exclude from the token-circulation-list, V(TCL), those DLEs for which the maximum-
token-hold-time is zero.

Otherwise, when the starting NODE DL-address field of the received SPDU is 00, then the DLE

shall
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— check whether it has received the token-hold-time-array SPDUs for all NODE
DL-addresses in the local-link-live-list, V(LL);

— if not, then send one or more token-hold-time-request SPDUSs, specifying such values for
the starting NODE DL-addresses in those SPDUs, that the corresponding reply SPDUs will
contain the maximum-token-hold-times for all the NODE DL-addresses in local-link-live-list,
V(LL), whose maximum-token-hold-times are not yet known by the requesting DLE;

Otherwise, when the starting NODE DL-address field of the received SPDU is of the form nmyg.
where M is non-zero, then the received SPDU is invalid and shall be discarded.

10.3.] Receipt of a schedule-summary SPDU by an LM DLE

If the pchedule version-number field of the received SPDU (see B.3.5.1)

e link

a) |f either the DLE has no link schedule, or the schedulg ve
i e just

schedule stored in the DLE is different from the schedule y an
redeived SPDU, then the DLE shall

ceived. The DLE shall

i) check that it has the capahili n the
schedule-summary;

ii) check that the DLE’s valde of (see
5.7.5.6 is less than or equ edule-
summary;

iii) check that edule-

summary;,

iv) check;

equired timing resolution specified in the schedule-

value of time-source-link, V(TSL), (see 5.7.1.27) is the|same
pecified in the schedule-summary.

ecks fail, then the DLE shall discard the just received schedule-

2)/otherwise, when these checks are all passed, then the DLE shall

i) form a subschedule-request SPDU with its schedule version-number field equal to
the value of the schedule version-number field of the just received schedule-summary
SPDU, and with a subschedule identifier equal to zero;

ii) schedule the transmission of a connectionless DT DLPDU with
— format 1S;
— NORMAL priority;

— a SHORT destination DL-address for the local LAS, 040016 (see A.3.2);
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— a SHORT source DL-address equal to the NODE.O DL-address, V(TN).0, of the

sending DLE’s DL-support functions;
— a null SD-parameter field;

— the just-formed subschedule-request SPDU as the conveyed DLSDU.

b) Otherwise, when the DLE has a link schedule and the version-number of the link sched-
ule stored in the DLE is equal to the schedule version-number field of the just received
SPDU, but the DLE does not have the subschedule for all of the subschedules identified in

the

Other
DLE {1

NO
sho

10.3.9

If the

|||st received-sched ||e_s||mma;¥ SEDL |, then-the-DILE-shall

and with a subschedule identifier equal to one of the subsc
the missing subschedules;

2) schedule the transmission of a connectionless D
SPDU, with

— format 1S;

— NORMAL priority;

— a null SD-far
— one of theYj

vise, when sch -number field of the just received SPDU is zero, th

hall re 3 o.active link schedule.

TE W ermit, an LM DLE which is incrementally updating its copy of the local link’s s

uldxetain istent prior version of that schedule until such updating is complete.
Receipt.ofa subschedule SPDU by an LM DLE

schedule version-number field of the just received subschedule SPDU (see B.3.

equal

tosthe schedule version-number field of the last received schedule-summary SPD

imber
5PDU,
ces of

brmed

nding

en the

hedule

b.2) is

(see

B.3.5.

1), then

a) if the subschedule identifier field of the received SPDU is equal to a subschedule-SPDU
reference included in the last received schedule-summary SPDU, then the DLE shall store
the subschedule as part of the link schedule;

b) otherwise, when the subschedule identifier field of the received SPDU is equal to zero,
then the DLE shall

— check whether it has received the subschedule SPDUs for all of the subschedule-

SPDU references in the last-received schedule-summary SPDU;
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— if not, then send one or more subschedule-request SPDUs, each with a value of the
subschedule identifier requesting one of the missing subschedules;

c) otherwise, when neither a) nor b) applies, then the DLE has received a subschedule
SPDU inconsistent with the DLE’s last-received schedule-summary SPDU. Therefore the
DLE shall

1) form a schedule-summary-request SPDU;

2) schedule the transmission of a connectionless DT DLPDU with

— format 1S;

— NORMAL priority;

— a SHORT source DL-address equal to the NOBRE.O .0, of the
sending DLE’s DL-support functions;

— a null SD-parameter field;

Otherwise, when the schedule version{fnumher fis DU is
not equal to the schedule v t > SPDU,
or if the DLE had never. : , end a

NOJE See note at end|of

10.3.9 Requestf

If an UM DLE rece

— |f the D 3 ‘ , then
it ghallfe N

After feceivi

a) form_a Relinquish-LAS-role SPDU;

b) schedule the transmission of a connectionless DT DLPDU with
— format 1S;
— NORMAL priority;
— a SHORT destination DL-address for the local LAS, 04001¢ (see A.3.2);

— a SHORT source DL-address equal to the NODE.O DL-address, V(TN).0, of the sending
DLE’s DL-support functions;

— a null SD-parameter field;
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— a schedule-summary-request SPDU as the conveyed DLSDU;
c) wait for reception of a TL DLPDU;

d) if a TL DLPDU is not received within 15 receptions of a PT DLPDU with a token-use-
subfield equal to RESTART, then the LM DLE shall retry this process commencing with
step a);

e) if a TL DLPDU is received, but is rejected as specified in 7.20.4.2, then the LM DLE shall
assume that it does not have the necessary parameters required to operate as the LAS and

shall repeat the procedures of 10.3.9;

f) |f a TL DLPDU is still not received after two retry attempts (as in d] thep the LM
DLE shall inform local DL-management of this failure.
11 Implementation profiles
Profil pabili-
ties,
111
The fi esses
(see §.2.1. bridge
(see 3.3.
Permi
s, are
is, are
11.2
The f those
communi icptions
resou S tation
suppdrts those/DLC data-delivery features which enhance the unaugmented DL-capabllity of
conveyinglimited amounts of DLS-user information, with limited QoS, between DLSAPs:

a) Three priorities are detfined In this technical specification for both connection-mo

e and

connectionless data communications. The utility for time-critical communications of an
implementation of this technical specification depends substantially on whether the imple-
mentation supports multiple priorities of data delivery to the DLS-user. Two levels of
support, of decreasing difficulty and utility, have been specified. Which of them does the
implementation support?

Permitted choices are:

MULTI URGENT, NORMAL and TIME-AVAILABLE priorities are all supported for both connec-
tion-mode and connectionless data communications;

SINGLE only TIME-AVAILABLE priority is supported; URGENT and NORMAL priorities are not
supported.
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b)

Four classes of DLC data delivery features are defined in the technical specification for

both peer and multi-peer DLCs. Of these, three (CLASSICAL, ORDERED and UNORDERED)
provide substantively different qualities of service. In addition, the quality of service of
CLASSICAL peer-to-peer data delivery is different from that of it analogous multi-peer coun-

ter

c)

part.

NOTE In the absence of communications errors, DISORDERED and CLASSICAL data delivery services are
indistinguishable. Thus the DISORDERED data delivery service is an implementation option when
CLASSICAL service is provided, and does not provide a substantively different quality of service from the
CLASSICAL service.

The utility for time-critical communications of an implementation of this technical specifi-
cation depends heavily on the degree to whic € implementation_supporis data
delivery paradigms needed by the DLS-user. Four levels of suppor decreasing diffi-
culty and utility, have been specified. Which of them does the impJementationsuppaort?

Permitted choices are:

A orted,;
DISORDERED peer and multi-peer DLCs may be
B only ORDERED and UNORDERED peer amd i [ ) peer
DLCs, are supported; CLASSICAL and- D(SORD Nulti-pe [ sup-
ported; DISORDERED peer D
C only ORDERED and UNORDERE ESICAL
and DISORDERED peer and
D only UNORDER : \ ; , ESICAL
and DISORDER c i
Multi-peer Cs{can”be ta pub-
lisher, providi @ ility -cast.
Is this optional sapakih

d)
DL
co

%

CLASSICAL, ORDERED and DISORDERED peer and publisher DLCs are capable of conyeying
SDUS™ up to 16 tlmes the S|ze of the DLSDUs conveyable W|th UNORDERED DLUCs or
Dle on

CLASSICAL and ORDERED peer and muIt| peer DLCs to that conveyable W|th UNORDERED DLCs
or connectionless services?

e)

Permitted choices are the integers 1 to 16, inclusive. If cLAssICAL DLCs are supported
and the ratios are different for cLAsSICAL and ORDERED DLCs, or if the ratios are different
for peer and multi-peer DLCs, then the smallest of the ratios shall be specified. If the
choice specified for category b) above was D, then this value shall be 1 (one).

ORDERED peer and multi-peer DLCs are capable of computing TRANSPARENT, RESIDENCE,

UPDATE and SYNCHRONIZED timeliness of DLSDU conveyance. Which of these forms of

tim

eliness computations are supported?
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Permitted choices are NONE, just TRANSPARENT, or TRANSPARENT plus any combination of
the other three. If the choice specified for category b) above was D, then this value shall
be NONE.

f) ORDERED peer and multi-peer DLCs are capable of conveying DL-time stamps with
DLSDUs. Are this capability, and the capability of noting the DL-time of DL-PUT request
primitives, and of providing TRANSPARENT timeliness, all supported?

Permitted choices are:

o All thyran canahibitine ara oo rtad vaath hac
= T tH et paoTite oo o a PP oTrtc oIt ot

on the time class specified in 11.3a);

NO not all of these capabilities are supported.

If the choice specified for category b) above was D, the
g) [Three forms of connectionless data delivery are defing pecification:

1) unitdata transfer with local confirmation;

2) unitdata transfer with remote
3) unitdata exchange.
of connecti

\Which of these forms are supported?

Permitted choices ares

X
Y ér are supported; unitdata exchange is not supported;
4 r with
11.3 PL-time ang-\ti
The last thrée—p prts a

Fieldhgus-wide sense’of time and time-based scheduling:

a) The maximum asynchronism in the Fieldbus-shared sense of time determines the coarseness or
fineness of such shared activities as distributed time-based scheduling and distributed sequence-
of-events determination. Eight classes of time synchronism have been defined:

1 pus Under steady-state conditions, the DL-implementation can maintain a sense of DL-time
whose maximum long-term mean error relative to the local LAS’s sense of DL-time is at most
250 ns for Basic and Link Master DLEs, and 125 ns for Bridge DLEs, under the condition that a
single TD DLPDU is received once each 5 ms, as shown in table 71.

NOTE When connected to a similar reference node by a multi-link Fieldbus with no more than two in-
tervening bridges, in which the reference node, the intervening bridges, and the node under measure-
ment all meet this requirement, such a DL-implementation can provide a sense of time differing from that
in the reference node by less than 500 ns, and thus from any node similarly removed from the reference
node by less than 1 ps.
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10 ps  Under steady-state conditions, the DL-implementation can maintain a sense of
DL-time whose maximum long-term mean error relative to the local LAS’s sense of
DL-time is at most 3 ps for Basic and Link Master DLEs, and 1 us for Bridge DLEs, under
the condition that a single TD DLPDU is received once each 50 ms, as shown in table 71.

NOTE When connected to a similar reference node by a multi-link Fieldbus with no more than two in-
tervening bridges, in which the reference node, the intervening bridges, and the node under measure-
ment all meet this requirement, such a DL-implementation can provide a sense of time differing from that
in the reference node by less than 5 ps, and thus from any node similarly removed from the reference
node by less than 10 ps.

100 us Under steady-state conditions, the DL-implementation can maintain a sense of
DL-time whose maximum long-term mean error relative to the local LAS’s sense of

DL-time is at most 25 ps for Basic and Link Master DLEs, and 10(us fornBridge’DLEsS,
under the condition that a single TD DLPDU is received once eagh\ : wn in
table 71
NOTE When connected to a similar reference node by a multi-link~kield it i two in-
tervening bridges, in which the reference node, the intervening bfidge pasure-
ment all meet this requirement, such a DL-implementation can provide a sehsg o tlme differing frpm that
in the reference node by less than 50 ps, and thus from any/hode i erence
node by less than 100 ps.
1 ms Under steady-state conditions, the DL-img i a¥ maintain a sefse of
DL-time whose maximum long-term meay 2 Q the local LAS’s sense of
DL-time is at most% ms for Basic s laste d 11—6 ms for Bridge DLEs,

under the condition that a single\ID QLR | i once each 5s, as shqwn in
table 71
NOTE When connect Fieldbus, in which
a) the reference node o ori i i & ¢ node under measurement all meet this fequire-
ment, or

b) the reference(node”and three bridges in series meet the requirements of the 10 us class, and| an ad-
class, ‘

ditional tdg in series™and_the nedetinder measurement all meet the requirement of tHe 1 ms

ide a sense of time differing from that in the reference node |py less

10 ms 3 e conditions, the DL-implementation can maintain a sense of
D LA ; long-term mean error relative to the local LAS’s sense of
Dxtime 'a C 5 ms for Basic and Link Master DLEs, and 0,5 ms for Bridge PLEs,

under ition“that a single TD DLPDU is received once each 10 s, as shgwn in
table 7.1\

NQTE When connected to a reference node by a multi-link Fieldbus, in which

il r } " Jorimal ; ; il ’ } PR o B
o) trereretrent e noue, two— o agesS— T Seres, ana— te— noae— tMaetr—measurement—armr meet—ts—tequire-

ment, or

b) the reference node and five bridges in series meet the requirements of the 1 ms class, and an addi-
tional two bridges in series and the node under measurement all meet the requirement of the 10 ms
class,

such a DL-implementation can provide a sense of time differing from that in the reference node by less
than 5 ms, and thus from any node similarly removed from the reference node by less than 10 ms.

100 ms Under steady-state conditions, the DL-implementation can maintain a sense of
DL-time whose maximum long-term mean error relative to the local LAS’s sense of
DL-time is at most 25 ms for Basic and Link Master DLEs, and 5 ms for Bridge DLEs,
under the condition that a single TD DLPDU is received once each 25 s, as shown in
table 71.
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NOTE When connected to a reference node by a multi-link Fieldbus, in which

a) the reference node, two bridges in series, and the node under measurement all meet this require-

ment, or

b) the reference node and five bridges in series meet the requirements of the 10 ms class, and an addi-
tional two bridges in series and the node under measurement all meet the requirement of the 100 ms

class,

such a DL-implementation can provide a sense of time differing from that in the reference node by less
than 50 ms, and thus from any node similarly removed from the reference node by less than 100 ms.

1s Under steady-state conditions, the DL-implementation can maintain a sense of
DL-time whose maximum long-term mean error relative to the local LAS’s sense of

table 71.

b)
DL
DL

DL-time is at most 250 ms for Basic and Link Master DLEs, and 50
under the condition that a single TD DLPDU is received once eac

DLEsSs,
wn in

equire-

an ad-

4 class,

by less

h heard

However,

cy time
ism for

ism for

in the
uding

Time-synchronism Maximum permitted error by DLE class Minimum requireable
class Basic or Link Master DLE Bridge DLE value for V(TDP)
1ps 250 ns 125 ns 5ms
10 ps 3 us 1pus 50 ms
100 ps 25 pus 10 ps 500 ms
1ms 250 ps 1/16 ms 5s
10 ms 2,5 ms 0,5 ms 10s
100 ms 25 ms 5ms 25s
1ls 250 ms 50 ms 55s
none > 100 yr > 100 yr not applicable
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c)
SV
sy

Permitted choices are:

YES PERIODIC schedules, and ONE-TIME schedules with a specified starting time, are

supported, with the best achievable time resolution dependent on the time
specified in 11.3a);

NO these capabilities are not supported.

If the choice specified for category a) above was NONE, then this value shall be NoO.

NOTE A DLE with no sense of DL-time may still be able to respond to time-based scheduled a

class

tivities,

such as periodic receipt of an ES DLPDU enabling periodic local schedule executign-within the DLH
ever, such a DLE cannot make a time-based scheduling request to the LAS, because it sannot spe
Istart time for the request with reference to the LAS’ DL-time. Thus all such actiyvit occuf

2) requests for time-based scheduling
and modification of the current” schedule_ tb
sible;

E. How-
cify the
due to
| S-user

time
time

al link
e fea-

NAMIC-

4) redistribution of the current schedule to other potential LAS DLEs.

Such a DLE does not have the ability to construct schedules dynamically.
UPDATABLE The DL-implementation of LAS functions supports

1) time-based schedules which have been pre-constructed by DL-management;

2) time-based schedules which have been pre-constructed by a previous DYNAMIC-

class LAS DLE;

3) reception of the current schedule from a previous LAS DLE.
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Such a DLE does not have the ability to redistribute the current schedule to other po-
tential LAS DLEs.

NOTE This inability to redistribute the schedule implies that a received schedule is transformed into an
internal representation in which some of the received scheduling information has been discarded.

STATIC The DL-implementation of LAS functions supports time-based schedules which
have been pre-constructed by DL-management. It does not have the ability to re-
ceive the current schedule from a previous LAS DLE.

NONE Either

1) the DLE is a BASIC DLE, or

2) the implemented LAS functions do not support time-ba
port free-running schedules which have been pre-const

&

b sup-
)ement.
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Annex A
(normative)

Structure and definition of DL-addresses

This annex defines the form of DL-addresses and the usage of various ranges of DL-address
components. It includes specific definitions for some standard DL-addresses.

This
DLSAP-addresses. The same terminology and the following consideration ply to thos

A.l
A stafdard DL-address may be considered to consist of t rts: hpk-designator and qublink
selector. The link designator is an unsigned integer, two_octets indength. The sublink s¢lector
is alsg two octets in length. /_\
Link Designator f\wlﬁ/Se}e\ctor

2 octgt\s)

& Dix ress
Most yalues of the link designator spec y a i ink. In these cases, the sublink sglector

local link, as further described in|A.2.2
information, bridges (relay DLES) shall

specifies a unique DL-ad
and A.2.3. When lacking a
base their forwarding desi

Howeyer, many
addreps is concatena

flat) address. Whe

pf the
nat is,
such

addrepses.
A stahdard & Xells i : - i bnode
selector i [ i
implied Link Node Sub-node
Designator (0000) Designator Selector
1 octet 1 octet

Most values of the node designator specify an individual node. In these cases, the subnode
selector specifies a unique DL-address within the designated local node.

However, some values of the node designator specify that the node designator portion of the
address is concatenated with the subnode selector portion to form a non-hierarchical (that is,
flat) subaddress.

This almost-hierarchical structure of link designators, node designators, and subnode selectors
was chosen primarily to facilitate the administration of DL-addresses, and secondarily to
reduce the number of entries in bridge address-forwarding tables.

NOTE Protocol implementations may find that this partially hierarchical structure is of use during address
recognition.
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The resulting structural possibilities for DL-addresses are (where “||” indicates concatenation of
the nominal link, node and selector designator subfields):
Link Node Selector
2 octets 1 octet 1 octet
or
Link Node || Selector
2 octets 2 octets

Qr

Link || Node || Selector

4 octets

A DL- dress
becau ) K. 3 esses
are kmown as extended addresses, because their inferpretati \ i cended
link.
There

a) dress

intgrpretation context;

b) Group DL-addresses, tenti i i i more
DLEs, or with many X

c) DLCEP-a

C, and
LC;

d)

DLSAP-addresses may be used with all of the primitives of the DLS which specify a DLSAP-
addreps:{Group DL-addresses shall not be

1) bound to a queue as a source DLSAP-address, or

2) used as a source DLSAP-address in any connection-oriented or connectionless DLS
primitive.

Individual non-"DLSAP” DL-addresses may be used as appropriate within the DL-protocol, and
where permitted as specific parameters within the DL-services.
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A.2 Predefined Values and Ranges for DL-Address Components
Some values of the link-designator or node-designator component of DL-addresses designate
a group DL-address. All other combinations of values of the link-designator and node-

designator components designate individual DL-addresses. This is summarized in tables A.1,
A.2 and A.3.

NOTE All link, node and selector values are specified in hexadecimal (radix 16).

A.2.1 Link designators

The link designator component of a Dl -address usually designates a SDeCIfIC single local link.

Valuep for the link designator component are predefined, or their usage constraingd, as

followp:
0000 The local link. The zero (0000) value is provided as a conveglience cation of
service primitives, to enable implementations to refer tg th s\address by a

constant zero (0000), and to enable isolated-link operé ge is present
to identify the link component of an extended lin authent{cation
QoS does not specify MAXIMAL and the DL-addresses \ elves permit it, the link-
deS|gnator components of aII DL- addresses strall be omuitie Ore transmjssion.
i , shall be substituted

0001 rafues, concatenated with the
s — link || node || sele¢tor —
003F e as group DL-addresse$. The
any specific link.

Non-local group (ol ated individually or in contiguous Rlocks.
When consid : i Abit integers, the first (lowest-valued) eigh{ such
addresses areg| re e S -protocol; the next 56 such addressges are
reserved ; L L-agddresses. All of the other addresses are avfilable

for use @ ;
0040 d group DL-addresses. These link designator \alues,
fated node designator values and selector values — link ||
007F otm an address space of 4 194 304 identifiers for glpbally-

addresses. These DL-addresses are formed by prefixipg the
0 0000 01” to the lower 22 bits of the Organizationally Wnique
ified in the ISO/IEC 8802 family of Local Area Network standards.
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Table A.1 — link || node || selector addressing

link N|S assigned use for specified DL-address range

0000 0000 |local link DL-addresses as specified in table A.2.

FFFF

0001 0000 |flat non-local group DL-addresses reserved for DLL use
0007
0001 0008 |flat non-local group DL-addresses reserved for standard AEs
ooop 0040 |flat non-local group DL-addresses available for vendor, user and dyngmic assignment
003f  FFFF

004p 0000 |fiat non-local globally- administered?) group DL- addresses — pQtentjaliy one W
007F FFFF

008p 0000 |flat non-local individual “DLSAP”-addresses reserv.

0007

008p 0008 |flat non-local individual DLSAP-addresses feser, for Stan A

003F

N
008p 0040 |flat non-local individual DLSAP>addvesses\availalle er or, user and dynamic
assignment
00FF

010p 0000 |flat non-local individual D addr es a W vendor, user and dynamic assignmept as
DLCEP- add sses and DLSEP-a esses
OFFF FFBF

OFFF FFCO |flat nom<ocalN dl\Niu ses res) rved for standard AE DLCEP-addresses and
DLSER-a dr
FFF7

T

OFF FFF8 Bit/) cal individuallDL-addresses reserved for DLL use as DLCEP-addresses and
S sses
FFFF

100p 0000 dividual Jink ofWesses as specified in table A.2.
FEFF Fé{l:\

ISO/IEC of\Local Area Network standards.

NOTH 1 /Th ro Lﬁ{&ca\d esses are based on the Organizationally Unique ldentifiers specified in the
2 fa

X

0080 Non-local individual DLSAP-addresses. These link designator value

concatenated with the associated node designator values and selector value
O0F — — i 7fi
usable as individual DLSAP-addresses. The resulting DLSAP-addresses do
not implicitly designate any specific link or node.

n n 7

Non-local individual DLSAP-addresses shall be allocated individually or in
contiguous blocks. When considered as unsigned 32-bit integers, the first
(lowest-valued) eight such addresses are reserved for use by the DL-protocol
as “DLSAP"-addresses; the next 56 such addresses are reserved for
standardized individual DLSAP addresses for standard AEs. All of the other
addresses are available for use as non-standardized individual DLSAP
addresses.
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0100 Non-local individual non-DLSAP DL-addresses usable as DLCEP-addresses
and DLSEP-addresses. These link designator values, concatenated with the
OFFF associated node designator values and selector values — link || node ||
selector — form an address space of 251 658 240 identifiers usable as
individual DLCEP- and DLSEP-addresses. The resulting DL-addresses do not

implicitly designate any specific link or node.

Non-local individual non-DLSAP DL-addresses shall be allocated individually
or_in contiguous blocks. When considered as unsigned 32-bit integers, the
last (highest-valued) eight such addresses are reserved fo se bycthe
DL-protocol; the next last 56 such addresses are reserved for standardized
e
P

1040 Designators of individual links. Link designators shal be a ndividually
or in contiguous blocks, in order of incr ) alues whgn
FERF considered as unsigned 16-bit integers.

The value of the DL-management cqnfigutation pa ter V(ML) shall he
greater than or equal to th i values assigned fo
links of the extended link.

NOTE  This parameter is used idg ist i provision of default forwardingg
actions for each link.

NOJFE 1 The potential linkdesi are reserved to support the implementgtion of
identifier-references to DL- se9 i

In surmhmary, each DL ONG DL-addresses (see 6.2.2) recognizés link
designator value g the extended group and individual address
spaces — link || on“o the extended link.

Each & of M izihg LONG DL-addresses recognizes link designator value 0Q00 as
desig ‘ s a single local link designator value = 1000. The resgulting
identifi id || node || selector — form an address space of up to §5 280
identifi and group DL-addresses as described in A.2.2.

NO Y s | selector components of these address identifiers take the hexadecimpl form
ww W wwww, 01 < XX < FF and 00 < vy < FF. When 01 < XX < 03, such addresges are
groiip DL-addreSses; alb other such addresses are individual DL-addresses. Addresses where 1 000 < |wwww
and xx =-00,refer to the local node, and are valid only within the software of that node.

W henlLthe_address space needs of a gi\/nn link exceed that prn\/idnd hy a Qingln nominal-link-id,
secondary link-ids may be allocated to that link. For each such secondary link-id, the resulting
values — secondary-link-id || node || selector — form an additional address space of 57 600
identifiers usable as additional individual and group DL-addresses for the link as described in
A.2.2.

NOTE 3 The link || node || selector components of these additional address identifiers take the hexadecimal form
WWWWXXYY, where 1 000 < wwww, and either 0140 < xXyY < 03FF, or 0440 < xxyy < OFBF, or 10 < xx < FF and
08 < YY £ F7. When 01 < xx < 03, such address are group DL-addresses; all other such addresses are individual
DL-addresses.

DLEs which are not capable of recognizing LONG DL-addresses recognize only SHORT and
VERY-SHORT addresses (see 6.2.2), which always designate the nominal-link. Such DLEs are
not capable of directly communicating or being directly managed through a bridge.
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A.2.2 Node designators

The node designator component of a DL-address usually designates a single DLE. When the
link designator component does not have the value 0001 — OFFF, then the values for the node
designator component are predefined, or their usage is constrained, as follows:

Table A.2 — link-local node || selector addressing
N S assigned use for specified DL-address range
00 \vAv) :Uba: IIUUIU DL'GL:L:ICDDCD asS opcbificu‘ iII I.aIIJ:C l':\“f
FF (\
A)
01 00 flat link-local group DL-addresses reserved for DLL use
o7 <\
01 08 flat link-local group DL-addresses reserved for standard Es\ \>
; AN
01 40 flat link-local group DL-addresses available f \ r&d d nMassignment
03 FF )
Pt B
04 00 flat link-local individual “D P”-ad ses resefved.foy DLL Drse
07
04 08 flat link-local individual DL3AP-addressesresexryed for standard AEs
i O
04 40 flat link-local iwal DL Wilable for vendor, user and dynamic
assignment
2 A NN
05 00 laiNink>ocal individwal O a%vée%s available for vendor, user and dynamic assignmept as
L/D—\ddress s andhkDLSEP-addresses
OF BF ~
OF Cco at\ink-locakindividual D2-addresses reserved for standard AE DLCEP-addresses and
LSEP-addresses
F7™
OF F8 flm-l al Mual DL-addresses reserved for DLL use as DLCEP-addresses and
</\ &wd resses
FF \
10 00 Individual nodes of DL-addresses as specified in table A.4
FF FF
00 The local DLE. Equivalent to a DLE-internal address. This designator is provided as a
convenience for the unification of service primitives, and to enable implementations to
refer to the local DLE address by a constant zero (00). When transmission is
appropriate, an implementation shall substitute the DLE’s own nominal-node-id for this
zero (00) address.
NOTE 1 As a consequence, DLPDUs with a node designator component of zero (00) in a DL-address
(other than a flat DL-address) are never transmitted, and are discarded upon reception.
This node designator shall not be used with secondary-link-ids.
01 Link-local group DL-addresses. These node designator values, concatenated with the

nominal or a secondary link-id of the local link and the associated selector values —
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03

04

05

OF

10

FF

link-id || node || selector — form address spaces of 768 identifiers each, usable as
group DL-addresses.

Link-local group DL-addresses shall be allocated, individually or in contiguous blocks,
in order of increasing address values when considered as unsigned 16-bit integers.
The first (lowest-valued) such addresses are reserved for use by the DL-protocol; the
next 56 such addresses are reserved for standardized group DL-addresses. All of the
other addresses are available for use as non-standardized group DL-addresses

Link-local individual DLSAP-addresses. These node designator values, concatenated
with the nominal or a secondary link-id of the local link and the associated selector

values — link-id || node || selector — form address spaces of 256.identifierg|each,
usable as individual DLSAP-addresses. The resulting DLSAP esseshdo not
implicitly designate any specific node.

Link-local individual DLSAP-addresses shall be allocated, individua i guous
blocks, in order of increasing address values when sideredhas i 16-bit
integers. The first (lowest-valued) such addresse y the
ed for

d DL-
al or a
node ||
P- and
pecific

> rvices
E ous blocks, in order of decreasing adgldress
values when i - i bit integers. The first (highest-valued) eight

such addre BSE by the DL-protocol; the next 56 such addfesses
are resé i ividual DLCEP-addresses or DLSEP-addresses for
standard XEz S er addresses are available for use as non-standdrdized

individual nd DLSEP-addresses.

al nodes. These node designator values, concatenated wjth the
ocal link, provide the equivalent of a “unique hardware address”
ikdividual physical DLE. Node designators shall be allocated, individually or in
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Table A.3 — link-local node designators

N assigned use for specified node designator range

00 local DLE

01 unusable

OF

10 bridge-class DLEs

13

14 link-master-class DLEs

unused

= [pasic-class DLEs (\\ x\

F8 non-"visitor” DLEs awaiting proper node designator assignme w
FB N

00

01
OF
10
13

14

F7

4

QY is”designator is providefl as a
, and to enable implementatipns to
refer to the 8 nt zero (00). When transmissjion is

stithite the DLE’s own nominal-node-id fpr this

NOTE 2 As a conseguence ith a node\désignator component of zero (00) in a DL-address

Reserv@ NODE
DL-addre

e link-

1aging

(not,

faor example;”maintenance DLEs such as “hand-held communicators”).

H

hocao nada daoci
HeSe—oae—aeST

f gRaters—s F—
order of increasing address values when considered as unS|gned 8-bit integers.

nat
\=37

re ha _allacatad indiadualhy or 1n ocont:
t =4 154

-be—allecated—irdividualyy—er——eontigued ks, in
I

Reserved for allocation to DLEs which require more local DL-addresses than are
provided hierarchically by the DLE’s primary node designator.

Reserved for allocation to DLEs which are not capable (or are configured to be
incapable) of initializing the local link.

These node designators shall be allocated, individually or in contiguous blocks, in
order of decreasing address values when considered as unsigned 8-bit integers.
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Reserved for temporary use by other DLEs which are intended to be permanently
attached to the local link while they determine their appropriate final node designator.

Reserved for allocation to DLEs which are not intended to be permanently attached to
the local link (for example, maintenance DLEs such as “hand-held communicators).

NOTE 4 Such “visitor” DLEs normally are capable of initializing and managing the local link, but are the
least desirable such DLEs for this purpose since their long-term presence on the link is not expected.

When not used to designate a single DLE, node designator values bet

een_those wsked for

DLHs capable of initializing the local link, and those which are incapabl red to
be ihcapable) of initializing the local link, can be concatenated with G gecon-
dary link-id of the local link, and with selector components whose fa i F7, to
form additional identifier spaces of 240 individual DL-addresses\eat f6 node ||
selgctor. Each such additional address space may be assigne&d in ay be
shared among the nodes of the link
NO[JFE 5 The node || selector components of these additional address ideqiifi a [ imjal form
XXY}, where 10 < XX < FC and 08 < YY < F7.
In summary, when the link designator value link, then eachl DLE
recogpizes node designator values 0 jocal group and individual
addreps spaces — link-id || node || sefe s on the local link.
Each DLE recognizes node designator ignating a single local node designator
value > 10 (hexadecimal), the nominal- -link-id ||

nomir

described in A.2.3.

the address _space Mee a ~gi i i minal-
d, second@n 2-ids g ¢ . de id,
sulting val (nk-i ) -i i onent

ividual

When
node-
the re
values
DL-ad
set of

A.2.3

The s
DLE.

When

> 08 and < K7

$es as

dresses for 8SCri in A.2.3. nd the
non-nod fic 1 -

electo in the
the link designator component does not have the value 0001 — OFFF, and when the node

desig

4 + ] el 4 1 a4 ¥ ) ") Il £ )
Iatul  CUTITPUTITTIU Ut o TIUU Tiave Uit valutc UL — UrY, UICih Uic valdtTos 1TUT 1T oS

component are predefined, and their usage is constrained, as follows:

lector
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Table A.4 — node-local selector addressing

selector assigned use for specified DL-address range
00 node-local individual “DLSAP”"-addresses reserved for DLL use
01
02 node-local individual DLSAP-addresses reserved for standard AEs
07
08 node-local individual DLSAP-addresses available for vendor, user and dynamic assignment
2p node-local individual DL-addresses available for vendor, user and dynamic &ssignient as
g DLCEP-addresses and DLSEP-addresses
F7
FB node-local individual DL-addresses reserved for use as standard A DL E add ss
g DLSEP-addresses
FF

00 Reserved for standard node-related DLS# esses,\a or intra-DLEE

“DLSAP”-addresses.
07

08
1R

20

F§

FF
A3 P

These
f OSI

As indi ) A.3, some specific DL-addresses are defined in this annex.
DL-ad . d to facilitate provision of DL-services and initialization o
communications within’a physically distributed real system.

A.3.1 | Predefined flat non-local DL-addresses

A number of flat non-local DL-addresses are defined within this annex, as specified in table
A.5.

NOTE SLAE is the System Load Application Entity; SMAE is the System Management Application Entity.
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Table A.5 — predefined flat non-local DL-addresses

link || NJI' S assigned use for specified DL-address

0001 0000 |the DL-support functions of “all” (see note 1) DLEs on the extended link

0001 0001 |the DL-support functions of “all” (see note 1) LM DLEs on the extended link
0001 0002 |the DL-support functions of “all” (see note 1) bridge DLEs on the extended link
0001 0003 |the DL-bridge functions of “all” (see note 1) bridge DLEs on the extended link
0001 0008 |the SMAEs of “all” (see note 1) unconfigured DLEs on the extended link

0001 0009 |the SMAESs of “all” (see note 1) DLEs on the extended link

ooop 000A

the SMAEs of “all” (see note 1) LM DLEs on the extended link /\

ooof 000B

the SMAEs of “all” (see note 1) bridge DLEs on the extended Iink/\\ ~

ooop ooocC

the SLAEs of “all” (see note 1) LoadServers on the extended W\ \

(o]o]0] 1} 000D ([the SLAEs of “all” (see note 1) LoadableDevices on the W&{Iim&
008p 0000 |reserved for DLL use for a DL-support “DLSAP”-add;\ss\Qee m \ \/
008p 0004 |the “DLSAP”-address for the DL-bridge functions o he b on the\extended link
which is the root bridge of the spanning tree
OFFF FFFE |the DLCEP-address for the DLC from the b idge, ctio sWe DLE on the extgnded
link which is the root bridge of the spa treq tg the br ons in all other bridge
DLEs on the extended link
OFFF FFFF |reserved for DLL use for{DL\s\pKrt\desEP a&dregszg)r SEP-address (see note 1)
NOTH 1 DLEs which do not recognize LONG DL- ddrésiés\are\hﬂcess\ﬁwcluded from these sets.
A.3.2
A nun e A.6.
These pr efmed flat non- Iocal DL addresses spemfued in
table esses
in tab
The pgous
DL-ad h link,
the amalogo be A.5 refer to similar functions global to the entire extended
link. Thi dence is intentional, and may serve to ease implemerjtation
comple orrespondence should be preserved in future address assignments.
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Table A.6 — predefined flat link-local DL-addresses

node || selector assigned use for specified DL-address

01 00 the DL-support functions of all DLEs on the link

01 01 the DL-support functions of all LM DLEs on the link

01 02 the DL-support functions of all bridge DLEs on the link

01 03 the DL-bridge functions of all bridge DLEs on the link

01 08 the SMAEs of all unconfigured DLEs on the link

01 09 the SMAEs of all DLEs on the link

01 OA  [the SMAESs of all LM DLEs on the link /RN

01 0B [the SMAES of all bridge DLES on the link /\\ ~

01 ocC the SLAEs of all LoadServers on the link /\ \

01 0D the SLAEs of all LoadableDevices on the link \

04 00 the “DLSAP”"-address for the DL-support functions of the QLE Mli WW servirlg as
AN

04 04 [the “DLSAP™address for the DL-bridge funWDWan which is
dominant (closest to the root) in the bridge spanning tkee

OF| FE the DLCEP-address for the DLC from the bridg %Z)nctions ftnge DLE on the link|which
is dominant (closest to the root) in the(bridg nifigztree tQ the bridge functions in al
other bridge DLEs on theﬁ}\ @5

OF FF the DLCEP-address for theNDLC fxonmnthe -supWions of the DLE on the link which
is serving as LAS to the DL-sypportNfunctionsi\of all other LM DLEs on the link
A.3.3 [ Predefined node-logal s SQ

A number of node-local BL-a

d within this annex, as specified in table A.7.

Q Table AY — i node-local DL-addresses
AN

“assighéd use for specified DL-address

delector

00 the N(SAQ dre fML-support functions of the node’s DLE

01 the MP\Qd&%sﬁr the DL-bridge functions of the node’s DLE
é @\DW-adé\ess for the node’s SMAE

03 the\BLS\A‘\P-\addr/ess for the node’s SLAE

NS

A.4 Hepresentation of DL-Addresses as locally-administered 48-bit MAC-addresses

The ISO/IEC Local Area Network protocols (ISO/IEC 8802) provide a foundation for portions of
the IEC Fieldbus protocols, such as the Ph-redundancy state machine, the inter-DL-relay-
(bridge)-protocol, and the AL-system-load-protocol. The latter two protocols, which specify six-
octet encodings for each ISO/IEC MAC-address, are being adapted for Fieldbus use with the
minimum of necessary changes; thus there is a need to specify the representation of Fieldbus
four-octet DL-addresses for use with the Fieldbus adaptations of these protocols.

A six-octet ISO/IEC MAC-address, as specified in ISO/IEC 8802-1, contains, in order of
transmission

a) an initial bit, 1/G, indicating whether the MAC-address is an individual MAC-SAP-address
(1/G=0) designating a single MAC-sublayer-entity, or a group MAC-address (I/G=1) desig-
nating a group of zero or more MAC-sublayer-entities;
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b) a second bit, U/L, indicating whether the MAC-address contains a globally administered
component (U/L=0), or is completely locally administered (U/L=1);

c) a 22-bit globally administered component and a 24-bit vendor-administered component
when U/L=0, or a 46-bit user-administered component when U/L=1 (see figure A.4).

Universally administered MAC-addresses

I/IG | U/L globally-administered vendor-administered
1b | 1b 22 bits 24 bits
Locally administered MAC-addresses /\

1/1G U/L user-administered /\\ N\

1b | 1b 46 bits v
Since|DL-addresses are not administered so as to be globalty uni
as sixtoctet locally administered MAC-addresses as showmnin figure

a DL-address as;/l‘egally :}dﬁ&;\skred MA(@;};drss\?

1/IG | UIL | set by DL-manage}wKnt \ ext\aned D/L)-address

1b |1b 14 bits w 32 bits

L ress as a MAC-address

sHall be repregented

The 14-bit MAC-addre 3 L-management shall be set equal to the vglue of
the extended-li g S i parameter, V(MEP), which sHhall be
distriguted as pa br this

parameter shall be he ement
to pe O/IEC
local 1

Each MAC-
addre by the

exten

Each [32-bit,;group DL-address shall be represented as a six-octet MAC-address by prefixing
the 32-bit group DL-address with the binary string “11” followed by the extended-link’s [14-bit

DL-MAGC-address-embedding-prefix—HMER)-

In addition, should there be a need to specify a six-octet MAC-address for the group of multi-
peer subscriber DLCEPs associated with a specified multi-peer publisher DLCEP, then the
implicit address of that group of subscriber DLCEPs shall be represented as a six-octet MAC-
address by prefixing the publisher’s 32-bit individual DLCEP-address with the binary string “11”
followed by the extended-link’s 14-bit DL-MAC-address-embedding-prefix, V(MEP).
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Annex B
(normative)

DL-support subprotocol

B.1 Scope

This ganex

a) defines the encodings for the higher-level (see 5.1.3) support PD red to
support the LAS operation and scheduling subprotocol;

b) defines the components of a defined sequence (see 29.3.

c) defines the encodings for the higher-level (see 5.1.3 red to

support various configuration and capability queries

edure;

d)

B.2 C

An LA

a)

3) maintains aMist of all DLEs operational on the local link;

AN—cliatcila 4 +la Lot £ ' | W + +la Lol + (W +la 1 [ H k
} UTolNnuyutlT o Ui TTotl Ul UlJClaLlUllal ULLLo U A ULTICTT TITTATTITAOSLITT VLo UIlT tic juoval In .

b) Time distribution — the LAS acts as the time master for the local link and sends time
distribution DLPDUs to all other DLEs on the local link to provide a common sense of
DL-time for the local link.

c) Token circulation — the LAS sends a PT DLPDU to each active DLE on the local link. By
doing this repeatedly, the LAS DLE provides a delegated token which “circulates” succes-
sively, usually in NODE DL-address order, to all active DLEs on the local link.

d) Schedule execution — the LAS sends DLPDUs on the local link as dictated by a schedule
which specifies the initial DL-time and repetition period for each of those transmissions. An
initial schedule (possibly null) is provided by DL-management, and may be subsequently
modified by the active LAS.
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e) LAS transfer — the LAS transfers its role to another link master DLE, if requested by that
link master or by DL-management.

An LAS may also perform the following functions:

f) Schedule construction — the LAS may process scheduling requests from other DLEs on
the local link and modify the existing schedule, if any, to satisfy those requests. The sched-
ule construction is required to take into account the maximum-scheduled-traffic, V(MST),
(see 5.7.5.5) and maximum-scheduling-overhead, V(MSO), (see 5.7.5.6).

g) Sched ansfe he LASm3 i d hother
DL local link, either as a bac ' of the
LAPB role. This annex specifies the SPDUs required to transfer the pre<¢onstrus edule
fro S s not

ansfer

ar

The procedures for LAS operation are specified in 10.2; prosedyres fa ration
are specified in 10.3; procedures for schedule construct 9.4.3;
proceflures for time distribution are specified in 9.4.1 QCeC 3 n are
specified in 7.15; procedures for local schedule constrycti 9.4.3.
The i 3 fied in
this a n and
thus g

This & nostic
tools, nding
and ré

B.3 O

The OL-support stbprot ofines & ipport
the ngeds of LAS. 0§ ipport
functipns presently ¢ ration

information in sup

Any [
addres ; ;
data” a single SPDU whose encoding and interpretation is as described in this subclause. This
requirement includes any DLPDU addressed to a DLSAP-address designating LAS functional-
ity, such as link-local DL-address 0400;¢. It also includes any PR or TL DLPDU, both of which

always have a user data field.

B.3.1 Common definitions
B.3.1.1 SPDU header

The first octet of each SPDU shall specify a header common to all SPDUs, as depicted in table
B.1. It shall contain:

a) an SPDU classification;
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b) for some SPDUs, the protocol version, whose value is specified in clause 8.

Table B.1 — SPDU 1st octet: SPDU class, and protocol version or subclass

SPDU class protocol version or subclass
CCCCC < 11011 VVV
CCCCC = 11100 SSS
7 6 5 4 3 2 1 0

When
is spe

value
4).

NOJE 1 The resulting range of values for the octet is 00 to DF16.

When| the SPDU class is in the range 1C1g to 1F16, then thé S i all be
preseft.

NOJE 2 The resulting range of values for the octet is EO1 g toF

Some|of the SPDUs contain only the header octe

a) [SPDUs supporting normal link i
furjctions,

nance

b) SPDUs supporting LAS transfer,

c) [SPDUs supporting sche

d)
e) DUERY
an rpose

B.3.1.

All Bo

0

1 TRUE.

B.3.2 Link-maintenance SPDUs
B.3.2.1 Probe-response SPDU

The probe-response SPDU is sent in a Probe Response (PR) DLPDU (see 7.14.1). The probe-
response SPDU shall be formatted as specified in table B.2. Multi-octet values shall be
encoded with the most significant octet of the value encoded in the lowest-index octet of the
multi-octet field:
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Table B.2 — Probe-response SPDU

octet index contents of field
1 0000 OVVV
2 DL-protocol versions supported
3 N | F | 00
4 V(MICD)
5
6 V(MRD) x V(ST)
! V(MID) /\
8 V(RID) /\\ ~

a) [The SPDU header octet, octet 1, shall be encoded as hish idefitifies this as
a DL-probe-response SPDU.

Table B.3 — DL-protocol vergion ppotte

£\ A
DL-pr ol ver;&o«&s S port‘éd ( \ . >

7 V6 V5 V4 \3 \5)2 Vi VO

7 6 2 1 0
b) Octet 2 shall specify the vetsjon(s) | supported, as depicted in table B.3,|where
eath Vi shall be enc ting whether protocol version K is supported.

Q ) R-SPPU: 3rd and 4th octets
tqken fracti |

circylation duty’cycle eserve maximume-inactivity-to-claim-LAS-delay (msbp)
not npeeded opergtio N

N \F\\ > OF) : V(MICD? / 256

15( \ M\ \ 13 12 11 10 9 8

\) maximum-inactivity-to-claim-LAS-delay =~ (LSB)
V(MICD) modulo 256

b
i

c) Octets 3 and 4 shall specify, as depicted in table B.4:

1) the DLE’s lack of need for token circulation without an explicit request, encoded as a
Boolean, N: 0 (no, token circulation is needed) or 1 (yes, token circulation is not needed);

2) whether the DLE will function as an FDC DLE which can be expected to be non-
responsive to some live-list link-maintenance queries, and whether that DLE should be
included in the expected-non-response list, V(ENRL) (see 5.7.5.4), encoded as a Boo-
lean, F;

3) reserved for future use, encoded as 00;
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4) if the responding DLE is a link master then that DLE’s required maximum-inactivity-to-
claim-LAS-delay, V(MICD) defined in 5.7.5.19, else zero.

NOTE If this value is larger than the link’s configured value of V(MICD), then the responding DLE is not
capable of operating as LAS on the link as specified in 10.3.5.

d) Octets 5 and 6 shall specify the responding DLE’s required value of maximum-response-
delay-in-octets, V(MRD) x V(ST), defined in 5.7.1.3 and 5.7.1.1. If this value, which reflects
the device’s capability, is larger than the link’s configured value of maximum-response-
delay-in-octets, V(MRD) x V(ST), then the responding node is not capable of operating on
the local link.

e) Octet 7 shall specify the responding DLE’s required value of minkmum-i L PDU-
delay, V(MID) defined in 5.7.1.12. If this value, which reflects the d ility, is
larger than the link’s configured value of V(MID), then the responding DLEA ble of
ope¢rating on the local link.

f) Octet 8 shall specify the value for the sending DLE’s rakdon ifi 5 (RID)
(sge 5.7.1.18), which is re-randomized upon receipt of a PN DLPDU &t ‘ DLE.

B.3.2.2 Node-activation SPDU

The node-activation SPDU specifies the DL-configuyati@ DLE'’s
link. Ifs primary purpose is to permit the early inltiatjon of D igher-
layer protocol stacks, including the O3l manag : e |IEC

61154-7, to become fully operational.

The njpde-activation SPDU shall be for specifiedyin table B.5. Multi-octet value$ shall
be enfoded with the most si coded in the lowest-index octet|of the
multi-pctet field:

\9{:}2%))1\5% \ \ contents of field

/\\{ \/\ 0000 1VVV
\ \{ valsf for V(MRC) | value for V(NRC)

AN > value for V(PhLO)

g

\\4 \ reserved | value for V(TSC)
5%
value for V(MEP)
\\/{
8 value for V(TL)
O
10 value for V(NDL)

11 V(RID)

7 6 5 4 3 2 1 0

a) The SPDU header octet, octet 1, shall be encoded as 0000 1VVV, which identifies this as
a node-activation SPDU.

b) Octet 2 shall specify in two quartets the value for the receiving DLE’S maximum-retry-
count variable, V(MRC), as specified in 5.7.1.5, and the value for the receiving DLE’s
network-retry-count variable, V(NRC), as specified in 5.7.1.6. Both values are properties of
the local link.
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c) Octet 3 shall specify the value for the per-DLPDU-PhL-overhead, as specified in 5.7.1.2.
When the value for this variable is not configured, a value corresponding to the LAS DLE’s
own associated PhE, as then configured, shall be used.

Table B.6 — Node-activation SPDU: 4th octet

Reserved V(TSC)
76543 210
1) reserved for future use, encoded as 00000;
2) value to be used by the receiving DLE as the local link’s n-class,
V(TSC), as specified in 5.7.1.25.
e) g MI_E’'s DL-MAC-adfiress-
e
f) 3 P s4ink variable, V(T|L), as
specified in 5.7.1.9. When the appropriate va iable,is unknown, the LA$ DLE
sh
g) eiving DLE’s network-DLPDU-lifetime
valli
h) ddréssed DLE’s random identifier vafiable,
V(R ReNLAS from a prior-received probe-response SPDU.
B.3.2,
The L Py the LAS to all LM DLEs on the local link to publish
the la e schedule and the latest revision number for the|local-
link li 2). g"also sent in each TL DLPDU. The LAS-data-base-status
SPDU codesas pe ified in table B.7. Multi-octet values shall be encoded with the
most signjficant octerQf-the valde encoded in the lowest-index octet of the multi-octet field:
Table B.7 — LAS-data-base-status SPDU
octet index contents of field
1 1111 0000
2 schedule-type
i schedule version-number
5 _— .
6 live-list revision-number

a) The SPDU header octet, octet 1, shall be encoded as 1111 0000, specifying an LAS-
data-base-status SPDU.
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Table B.8 — LAS-data-base-status SPDU: 2nd octet

schedule-type

T reserved D S

6 5 4 3 2

b) Octet 2 shall specify, as depicted in table B.8:

1) the LAS’s capability to transfer its schedule, T, encoded as a Boolean: 0 (no, LAS is
not capable) or 1 (yes, LAS is capable of transferring its schedule to gther LM DLES);

2) reserved for future use, encoded as 00000;

3) whether all or part of the active schedule has been dyxnami G ted by the

1) whether all or part of the active schedule ha al) i ed by

NOJE if the LAS has an active schedule, the two subfields D and 9

c) Octets 3 and 4 shall specify thedversign e i . If there
[ i Wi j alue.

d) Octets 5 and 6 shall specify the currentlivedis sion-number. It is always a non-zero
value, which is increm lo 21 ne’the LAS detects a change in thg live-

list]

B.3.244 Live-list-change S

The Live-list-cha > i LAS to all LM DLEs on the local link, whenever the
LAS Has detected g € ge : f one or more DLEs. This SPDU shall be encoded as
speciffied in table . e s shall be encoded with the most significant octet|of the
value [encoded.in tk etet of the multi-octet field.

able B.9 — Live-list- change SPDU

octet index contents of field

1111 0001

=

live-list revision-
number

(G2 w N

DLE-status

DLE-status

a) The SPDU header octet, octet 1, shall be encoded as 1111 0001, specifying a Live-list-
change SPDU.

b) Octets 2 and 3 shall specify the live-list revision-number. It is incremented every time the
LAS detects a change in the live-list and prepares the live-list-SPDU, but it is not incre-
mented if the change is added to an SPDU which has not yet been published by the LAS.
The value in this SPDU is the revision-number which applies to the live-list immediately after
the changes specified in this SPDU. When this number reaches its maximum value, the next
time it is incremented, it is incremented to 1 (thus this number is always non-zero).
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¢) The remainder of the SPDU is an array of two octet members specifying DLE-status and

structured as shown in table B.10:

1) The first octet of each member shall specify the NODE DL-address of the DLE which is

affected by the change.

2) The second octet of each member shall specify the status of the DLE, encoded as.

i) N, the DLE’s non-need for token circulation, as returned by that DLE in a previously

sent PR SPDU (see B.3.2.1c)1));

PR SPDU (see B.3.2.1c)2));

01: not present,

ii) F, whether the DLE is an FDC DLE, as returned by that DLE 4 revioys|

iii) reserved for future use, encoded as 0000;

iv) SS, the last-observed status of that DLE, encoded a

10: present but presumed now asleep, ¢h po
11: present and awake.
Table B.19— DLE>status structure

e for FDC DLEs

N\
octet su @tent Ds(bfield
inde (_\ "

=3

h\ A No&\sl_\@;eés of the described DLE

reserved

NIC

4 3

SS

The |4 h 128 octets.

B.3.2,

This $
SPDU

a) [The .SPDU header octet, octet 1, shall be encoded as 1111 0010, specifying a Liv

+ DMLl

e current LAS DLE publish the entire live-list. The Live-list-re
h the format specified in table B.1, as follows:

y sent

or

quest

e-list-

rec uCOL D= N = =

B.3.2.6 Live-list-detail SPDU

The Live-list-detail SPDU is sent by the LAS to all LM DLEs on the local link. This SPDU shall
be encoded as specified in table B.11. Multi-octet values shall be encoded with the most
significant octet of the value encoded in the lowest-index octet of the multi-octet field


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

— 328 - 61158-4 © IEC:1999

Table B.11 — Live-list-detail SPDU

octet index contents of field

1111 0011

NODE DL-address of LAS’'s LM DLE

live-list revision-number

V(FUN)
V(NUN)

ol w|IN]|E

det

b)
prg

c)
d)

e)
V()

f)
DL|
nof

Th
an
bit
bit
an

)]
de

1(

Liveness-status

DLE-type

The SPDU header octet, octet 1, shall be encoded as 1141 00 a Liy

ail SPDU.

Octet 2 shall specify the NODE DL-address of’the link-m E which is cu

viding the LAS functionality.

E, in order
communicatiigand

7 of odtet CI ies
6 3 i e ‘status of any DLE associated with the next highest address (|

This_field specjfies the FDC status for up to 240 DLEs, one bit per DLE, in or
cending NODE address, encoded as an array of Booleans: 0 (DLE is not an FDC D
DLE/is an FDC DLE). The DLEs not expected to be connected to the link, as specif

e-list-

rently

odes,

it per
DLE is

FUN)
o that
-F16),
-E16),

Her of
L E) or
ed by

the variables V(FUN] and V(NUN), are not included In this status. The array of Booleans
shall be ordered so that bit 7 of first octet of this field specifies the status of any DLE
associated with the highest address (FF1g), bit 6 shall specify the status of any DLE
associated with the next highest address (FE1g), and so on. The DLE-type for any DLE with
a liveness-status of 0, as indicated by the corresponding Boolean encoded in f), shall be
encoded as 0.

Trailing octets with the value zero shall be omitted from this field and from the SPDU.
Therefore, when the local link has no FDC DLEs, then this entire field shall be omitted from
the SPDU.
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B.3.2.

7 DL-conformance-query SPDU

The DL-conformance-query SPDU requests the receiving DLE to send a DL-conformance
SPDU specifying the DL-conformance classes of the replying DLE to the requesting DLE. Its
purposes are

a) to permit a new LAS DLE’s DL-management to assess the impact of DLEs which are
already-connected to the local link, facilitating recovery of the LAS role after failure of the
previous LAS DLE, and to facilitate potential transfer of the LAS role to a more-appropriate

DLE;

b) to permit remote DL-management to interrogate DLEs on the extended viding

a duery (and reply) which can be forwarded through a bridge;

c) (o facilitate DL-protocol analyzer initialization after attachment 0 8 link.
The OL-conformance-query SPDU shall be encoded with the fQ 1, as
followp:

a) The SPDU header octet, octet 1, shall be ing a

DLfconformance-query SPDU.

B.3.2)8 DL-conformance-reply SPDU
The DL-conformance-reply SPDU shal -octet
value$ shall be encoded with the mo ifi at of the value encoded in the lpwest-
index [octet of the multi-octet field.
ble\B.12 —
N N
octet iﬁdex contents of field
Q 0010 OVVV
\/\\\/D)L-protocol versions supported
\/ DL-conformance encoding
a) tet, octet 1, shall be encoded as 0010 0VVV, which identifies this as
af eply SPDU
Table B.13 — DL-protocol versions supported

DL-protocol versions supported

V7 Vg Vg \Z V3 Vo Vi Vo

7 e s a4 3 2 1 0

b) Octet 2 shall specify the version(s) of the DL-protocol supported, as depicted in table
B.13, where each Vi shall be encoded as a Boolean indicating whether protocol version K is

supported.


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

- 330 - 61158-4 © IEC:1999

Table B.14 — DL-conformance encoding (portion 1)

supported q timeliness
connectionless extended supporte time-stamp supported types of timeliness
data delivery features DL-priorities support
remote-DLE- DL-time-
confirmed unitdata o stamped
unitdata exchange | Multi-priority | "pjgpy | TRANSPARENT ~RESIDENCE UPDATE  SYNCHRONIZED
transfer support
C X M D T R U S
7 L 6 5 4 3 L2 o1 0

c)

Octet 3 shall specify, as depicted in table B.14.

1) the DLE’s support for connectionless-mode extended d
as a set of two Booleans;

coded

f four

subpcribers- \_) .
to-gublisher supportethDL supported maximum
support data-deyery features O DLSDU : DLPDU data ratio

X

> RRRRR

7

N4 3 2 10

E.8.2.2, which shall be encoded as one less than the relevant item number of E
with-a value of 0 to 3;

) and
8.2.2,

3) the DLE’s maximum supported DLSDU : DLPDU data ratio for oRDERED DLCEPs,

RRRRR, as specified in 11.2d) and E.8.2.4, which shall be encoded as the relevan
ported value from E.8.2.4, with a value of O to 16.

t sup-
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Table B.16 — DL-conformance encoding (portion 3)
supported
time-based supported
reserved scheduling DL-time synchronism class
services
000 S TTT
7 6 5 4 3 2 1 0

A

ctet 5§ shall Qppr‘ify as dppirfpd intable B 16

1) a four-bit field, coded as zero, reserved for future standards use

2) the DLE’s support for time-based scheduling services, S,
E.8.3.2, which shall be encoded as a Boolean;

3) the DLE’s DL-time synchronism class, TTT, as spé
shall be encoded as specified in 8.6b)1).

other values for these fields are invalid and shall not be u

Table B.17 — Dl&£con R@geénco ing@(

which

r ion 4)
support for fragtional oken
supported LONG DL- dufty cyc SicdNation supported LAS
DLE class addresses o eratiéﬁ desir time-based scheduling activity clas$
CcC < >\ \Y\ _) \\? SSS
7 6 M\ )\ 3 2 1 0
f) Octet 6 shai;p ' icted inable B.17.

encoded s

DLE);

1) the DLE’S

somestive-lis

all be

the RLE is an FDC DLE, F, which can be expected to be non-respongive to
irfk-maintenance queries, encoded as 0 (not an FDC DLE) or 1 (af

FDC

4) the DLE’s need for token circulation without an explicit request, D, encoded as 0 (to-
ken circulation desired) or 1 (token circulation not desired);

5) the DLE’s support for LAS time-based scheduling activities, SSS, as specified in
11.3c) and E.8.3.3, which shall be encoded as the relevant item number of E.8.3.3, with a

value of 1 to 5;

All other values for these fields are invalid and shall not be used.
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B.3.2.9 Link-basic-parameters-request SPDU
The link-basic-parameters-request SPDU requests the link-basic-parameters SPDU from the

addressed LAS. The link-basic-parameters-request SPDU shall be encoded as specified in
table B.1:

—The SPDU header octet, octet 1, shall be encoded as 1110 1101, specifying a link-basic-
parameters-request SPDU.

B.3.2.10 Link-basic-parameters-reply SPDU

The link-basic-parameters-reply SPDU specifies the DL-configuration parameters for, pasic-
class |DLEs on the receiving DLE’s link. The link-basic-parameters-r RDUshall be
formafted as specified in table B.18. Multi-octet values shall be e cd witR“the| most
significant octet of the value encoded in the lowest-index octet of the '

Table B.18 — Link-basic-parameters-replySP

octet index contents of fleIQ \k \

1 0010

2

same as octets 2.1 jvati SPDU
10 /\

11

12 X \wef WS

v

T8 =N T

a) cade e encoded as 0010 1VVV, which identifies this as
ali
b) (see
B.3
c) (ST),
as
d) riable,

V()

e) Oetet 14 shall specify the value for the receiving DLE’s minimum-inter-DLPDUtdelay
variable, V(MID), as specified in 5.7.1.12. When the appropriate value for this variable is
unknown, a value of zero shall be used.

B.3.2.11 Link-master-parameters-request SPDU

The link-master-parameters-request SPDU requests the link-parameters SPDU from the
addressed LAS. The link-master-parameters-request SPDU shall be encoded as specified in
table B.1.

a) The SPDU header octet, octet 1, shall be encoded as 1110 1110, specifying a link-
master-parameters-request SPDU.
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B.3.2.12 Link-master-parameters-reply SPDU

The link-master-parameters-reply SPDU specifies the DL-configuration parameters for link-
master-class DLEs on the receiving DLE’s link. Its primary purpose is to permit link-master
DLEs to prepare to assume the role of LAS on the local link. The link-master-parameters-reply
SPDU shall be formatted as specified in table B.19. Multi-octet values shall be encoded with
the most significant octet of the value encoded in the lowest-index octet of the multi-octet field:

Table B.19 — Link-master-parameters-reply SPDU

octet index contents of field
1 0011 OVVV
2 value for V(MST) /\\ ]
i value for V(DMDT) <\
g value for V(DTHT) <\\ >
g value forﬂjlld%\\\\\>
1 O\ Vo)
12 \e{ue f\KV(N\w) /
: RN

=
o o

(\\\@e@(wco)
11\/ & Wor V(LDDP)
& \ value for V(ML)

NS

a) ctet 1, shall be encoded as 0011 0VVV, which identifies this as
ali ersxeply SPDU

b) ali-specify/the value for the receiving DLE’s local link’s maximum-scheguled-
traffi [ , as specified in 5.7.5.5.

c) Octets 3 and 4 shall specify the value for the receiving DLE’s local link’s default-
mininfum-token-delegation-time variable, V(DMDT), as specified in 5.7.5.7.

d) Octets 5 and 6 shall specify the value for the receiving DLE’s local link’s default-token-
holding-time variable, V(DTHT), as specified in 5.7.5.8.

e) Octets 7 and 8 shall specify the value for the receiving DLE’'s local link's link-
maintenance-token-holding-time variable, V(LTHT), as specified in 5.7.5.9.

f) Octets 9 and 10 shall specify the value for the receiving DLE’s local link’s target-token-
rotation-time variable, V(TTRT), as specified in 5.7.5.11.

g) Octet 11 shall specify the value for the receiving DLE’s local link’s first-unpolled-node id
variable, V(FUN), as specified in 5.7.5.15.
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h) Octet 12 shall specify the value for the receiving DLE’s local link’'s number-of-
consecutive-unpolled-nodes ids variable, V(NUN), as specified in 5.7.5.16.

j) Octets 13 and 14 shall specify the value for the receiving DLE’s local link’s time-
distribution-period variable, V(TDP), as specified in 5.7.1.18. When the appropriate value for
this variable is unknown, the minimum required value for the LAS’s time-synchronism class
(see 11.3a)) shall be used.

k) Octets 15 and 16 shall specify the value for the receiving DLE’s local link’s maximum-
inactivity-to-claim-LAS-delay variable, V(MICD), as specified in 5.7.5.19.

[) Octets 17 and 18 shall specify the value for the receiving DLE’s Ig ink’s LAS}-data-
bage-distribution-period variable, V(LDDP), as specified in 5.7.1.20.

m)Octets 19 and 20 shall specify the value for a recewmg bfidge \ Wwm-link
valliable, V(ML), as specified in 5.7.6.1. Non-bridge DLEs w Mg as’ah LAS
DLE may specify a value of zero for this field of the SPDU<wher aintgin the
prgper value of V(ML) for the local link.

B.3.2J13 Token-hold-time-request SPDU

The foken-hold-time-request SPDU requests
addrepsed LAS. The token-hold-time-
B.20:

array SPDU from the
ded as specified in| table

YI{{llll
§$<rting NODE DL-address

a) , shall be encoded as 1110 1111, specifying a {oken-
ho

b) 2 ' g NODE DL-addresses for which maximum-token-hold-time is
reque > awer qiartet of this octet shall always be 0. If maximum-token-hold-tifne for
all is reg en the value of this field shall be 00. If the value of this fleld is
NO = 1Yo F16, then the request is for DLEs with NODE DL-addresses from nNO1g
to

B32'I/I Tal bald i o
. . L5 FURTTITTTUTUTUTITICTAlTAYy <9

The token-hold-time-array SPDU specifies the maximum-token-hold-time-array parameters
(see 5.7.5.10) for DLEs on the receiving DLE’s link. Its primary purpose is to permit link-master
DLEs to prepare to assume the role of LAS on the local link. This SPDU is sent by the LAS
either to all link master DLEs to update their data base, or to a specific link master DLE as a
response to token-hold-time-request from that link master DLE. The token-hold-time-array
SPDU shall be formatted as specified in table B.21. Multi-octet values shall be encoded with
the most significant octet of the value encoded in the lowest-index octet of the multi-octet field:
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Table B.21 — Token-hold-time-array SPDU

octet index contents of field
1 0011 1vVVV
2 starting NODE DL-address
3 . .
4 maximum-token-hold-time
33 . .
34 maximum-token-hold-time

a) [The SPDU header octet, octet 1, shall be encoded as 0011 1VV\

a tpken-hold-time-array SPDU.

b) Octet 2 shall specify the NODE DL-addresses for whic

the value

me is

incjuded in this SPDU. The lower quartet of this octet Df this
field is NO1g, where N = 1 to F16, then this SPDU in c 2 i en-hold-time for
DLEs with NODE DL-addresses from NO1g to NF 14/ 3 field is 00, thgn this
SPDU does not include the maximum-token-hald-tim d it is used to indicate
thgt the LAS has sent all of token-hagld F the receiving DLE dan do
errpr recovery, if it had not received

c) Octets 3 to 34 shall specify the -token-hold-time parameter for|DLEs
as|an array of two octet values in ence of NODE DL-addresses starting

wit
it d

ze

B.3.2,

The R
online
DLE’s

The R
as fol

DL

The/SPDU he
F-<has-“awakened” SPDU.

der octet, octet 1, shall be encoded as 1111 1000, specifying an

o that

the N
set to

S now
e FDC

e B.1,

FDC-

B.3.2.16 FDC-DLE-may-“go-to-sleep”-notification SPDU

The FDC-DLE-may-“go-to-sleep”-notification SPDU notifies the local

LAS DLE that the

specified DLE is now ready to go temporarily offline, and that the LAS DLE should act as a
bridge with respect to any non-WK DLPDUs addressed to the FDC DLE until the FDC DLE next
sends an FDC-DLE-has-“awakened” SPDU.

The FDC-DLE-may-“go-to-sleep”-notification SPDU shall be encoded with the format specified
in table B.1, as follows:

—The SPDU header octet, octet 1, shall be encoded as 1111 1001, specifying an FDC-
DLE-may-“go-to-sleep”-notification SPDU.
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B.3.2.17 FDC-DLE-may-“go-to-sleep”-acknowledge SPDU

The FDC-DLE-may-“go-to-sleep”-acknowledge SPDU notifies the requesting DLE that the local
LAS DLE is prepared to act as a bridge with respect to any non-WK DLPDUs addressed to the
FDC DLE until the FDC DLE next sends an FDC-DLE-has-“awakened” SPDU.

The FDC-DLE-may-“go-to-sleep”-acknowledge SPDU shall be encoded with the format
specified in table 1, as follows:

—The SPDU header octet, octet 1, shall be encoded as 1111 1010, specifying an FDC-
DLE-may-“go-to-sleep”-acknowledge SPDU

B.3.3 | LAS-transfer SPDUs

LAS-tfansfer SPDUs are used to coordinate link schedule informat and to

transfer the LAS role from one DLE to another DLE on the same |

B.3.3[L Relinquish-LAS-role-request SPDU

This $PDU requests that the current LAS DLE transfer i equesting DLE. If

the cyrrent LAS DLE accepts the request, it shall tra

addrepsed to that requesting DLE as specified guest
SPDU shall be encoded with the format ifi
—I[The SPDU header octet, octet 1, s . 11% 0100, specifying a relinfjuish-

LAB-role-request SPDU.

B.3.3]2 Accept-LAS-role-r&q

m the
ormat

This BPDU requests
requepting LAS DLE.

speciffied in tabl , a
— ccept-
LA

B.3.3,

This § nding

the regsponse, thessending’DLE accepts the request to become the LAS in the near futule and
agreep to take’ whateyer actions are necessary (such as LAS-database synchronizatipn) to
prepafe for the transfer of the LAS role. When the sending DLE is ready to accept thg¢ LAS
role, if shall initiate the transfer by sending a relinquish-LAS-role-request SPDU (see BJ3.3.1)
to thelLAS DLE. The accept-l AS-role-reply SPDU shall be encoded with the format specified in
table B.1, as follows:

— The SPDU header octet, octet 1, shall be encoded as 1111 0110, specifying an accept-
LAS-role-reply SPDU.

B.3.4 Schedule-construction SPDUs

Schedule-construction SPDUs convey requests from a non-LAS DLE to the LAS DLE on the
same link, and replies from that LAS DLE to the requesting DLE. They can also be used to
cancel previously requested scheduling actions.
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B.3.4.1 Sequence description encoding

Sequence descriptions are used in schedule construction (see B.3.4.2) SPDUs to define
desired elements of LAS activity. Each sequence description consists of a series of encoded
sequence elements, with the order of sequence elements the same as that in the defining DLS-

user-s

pecified sequence.

Each encoded sequence element consists of a header, as specified in table B.22, followed by

two or

more octets of associated information.

Table B.22 — Sequence element header encoding

item type and format

TTTTTT

7 6 5 4

The s
seque

B.3.4.

A SHQ
B.23:

1.1 SHORT DL-address and duration sequencelele

ration @u
octet index > \sgh\ints field

! SN
;‘L x\ duration

RT DL-addres oNdu tio&nce element shall be encoded as specified in

Table B.23 — sHORT DLAaddress’a element

The sequencepél ader octet, octet 1, shall be encoded as TTTT TTH
0 .22, as follows:
01,6 —(CD-request, SHORT DL-address and associated duration, URGENT priority;

of the

table

PP, in

0276 — CD-request, SHORT DL-address and associated duration, NORMAL priority;

0316 — CD-request, SHORT DL-address and associated duration, TIME-AVAILABLE priority;

0416 — ES-request, SHORT DL-address and associated duration;

b) Octets 2 and 3 of the sequence element shall specify a sHORT DLCEP-address (CD-
request) or SHORT DLSEP-address (ES-request).

c) Octets 4 and 5 shall specify a two-octet maximum duration of reply-token (CD-request) or

de

legated-token (ES-request) usage, measured in octets of link transmission capacity.
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This is the maximum duration of a single instance of usage of the specified token by the addressed
DLE, and does not include the link capacity required to send CD or ES DLPDU, immediate-
response-recovery-delay slot-times, V(IRRD) x V(ST) octet-durations and the retry considerations
of the LAS DLE in sending the token through transmission of the CD or ES DLPDU.

B.3.4.1.2 LONG DL-address and duration sequence element

Table B.24 — LoNG DL-address and duration sequence element

octet index contents of field
1 TTITT TTPD
2
3
4 LONG DL-address
: Q
6 )
7 duration

A LON

PP, in
ac

rity;
b) dress
(C
c) : cify a two-octet maximum duration of reply-token (CD-requgst) or

de

This is theumaxi duration of a single instance of usage of the specified token by the addfessed
DLE, and\does include the link capacity required to send CD or ES DLPDU, immediate-

respahse-recovery-delay slot-times, V(IRRD) x V(ST) octet-durations and the retry considefations
of j i issi

B.3.4.1.3 Wakeup request sequence element

Table B.25 — Wakeup request sequence element

octet index contents of field
1 TTTT TTOO
2 NODE DL-address

A wakeup request sequence element shall be encoded as specified in table B.25:
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a) The sequence element header octet, octet 1, shall be encoded as TTTT TTO0O, in accor-
dance with table B.22, as follows:

0016 — WK-request, NODE DL-address;

b) Octet 2 of the sequence element shall specify a NODE DL-address.

NOTE While a Wakeup sequence element cannot be included in a DLS-user-originated schedule request, it
can be included in a scheduling request made by a fractional-duty-cycle (FDC) DLE wishing to schedule its own
“reawakening”.

B.3.4. 7 Schedule-request SPDU

Scheduling requests consist of requests for either one-time or periodig™(that is, with a
fixed |period) execution of a sequence, subject to specified sched These
requepts differ only in the parameters specifying the required peri jitter of
cyclic| execution of the sequence, which are not relevant tp pf the
sequgnce.

Table B.26 — Schedule-request S

content of fietg P
CEIEN

AN
Seque&’\e t?pﬁ %e‘dulgtype\ana\séhwe priority
N

Sthedle identifier
RN ST
N \)

sired starting time

octet index

™

@ ~ o O Hw N =

NS
4 Earliest starting time,
1 relative to desired starting time
6
17
K 1 Latest ending time,
9 relative to desired starting time
’\ 2
21
22 . .
aa Period of cyclic sequence
24
25
26 . o .
27 Maximum permissible jitter
28
29

Sequence description

Scheduling-request SPDUs shall be formatted as specified in table B.26.

a) The SPDU header octet, octet 1, shall be encoded as 0110 OVVV.
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Table B.27 — Sequence type, schedule type and priority encoding

sequence type schedule type priority
SSS TTT PP
7 6 5 4 3 2 1 0

b) Octet 2 shall identify the sequence type, the schedule type, and the priority of the
scheduling request. It shall be encoded as specified in table B.27.

1) The sequence type SSS shall specify whether the entire sequence-is_to be executed
contiguously or whether discontiguous (interrupted) execution is permitted in the
latter case whether the sequence as a whole is to be considered ofdereeor ed:

— A contiguous sequence is one in which the DLS-prqvider i b nough
— A discontiguous sequence is one in which th be the

— An ordered sequence is one in whic
elements in the order specified!

uence

provider may rearrange the| order
acilitating DLL-internal optimizatigns.

Qrdered, since unordered permits no additignal op-

2) The-schedulg’type TTT shall be encoded in three bits as.

001) ane-time:

100) periodic.
All other values are reserved for future standards use.
3) The priority PP shall be encoded in two bits as specified in 6.2.1.3.

c) Octets 3 and 4 shall encode a non-zero schedule-identifier provided by the requesting
DLE.

NOTE This identifier enables the DLE which requests scheduling to associate a reply with its corresponding
scheduling request.
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d) Octets 5 and 6 shall encode the current value of the DL-time source link-id variable,
Vg(TSL), of the sending DLE.

e) Octets 7 to 12 shall encode the desired starting DL-time for the first instance of execution

of the scheduled sequence, in units of 2" ms, where that time is referenced to the DL-time
source link-id specified in d).

f) Octets 13 to 16 shall encode the offset of the earliest acceptable starting DL-time for the

first instance of execution of the scheduled sequence, in units of 2-5 ms, where that time is
referenced to the DL-time specified in octets 7 to 12.

g) Octets 17 to 20 shall encode the offset of the latest acceptable end i pr the

firgt instance of execution of the scheduled sequence, in units of 2~ me is
referenced to the DL-time specified in octets 7 to 12.

h) In periodic-scheduling SPDUs, octets 21 to 24 shall eg e ipd for

exg¢cution of a cyclic scheduled sequence, in units o g duling
SPDUs, octets 21 to 24 shall be encoded as zero.

ssible

ched-
ro.

i) [In periodic-scheduling SPDUSs, octets 25 to 28
cygle-to-nominal jitter, in units of 2> ms, in
ulgd sequence. In one-time-scheduljr

i) [The remaining octets, through the S¢cte : ion of
thg sequence to be scheduled, as sp

The lgngth of this SPDU

B.3.43 Scheduling-co

The I|AS DLE
ched

replying with a s

anhd completion of a schedule-request SPDU by
, which shall be encoded as specified in table|B.28:

a) [The SPDU keatle
ing-compl SRD

Y, shall be encoded as 0110 1VVV, specifying a schedul-

\ able B.28 — Scheduling-completed SPDU

X

,\octet dex contents of field

1 0110 1VVV

2
3

Schedule identifier

4 Status or reason

5

6 value for Vg(TSL)

7

8

190 Scheduled starting time
11

12

b) Octets 2 and 3 shall encode the schedule-identifier provided by the requesting DLE in the
schedule-request SPDU to which this SPDU is a reply.
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NOTE This identifier enables the DLE which requested the scheduling to associate the reply with its corre-
sponding scheduling request.

c) Octet 4 shall encode the status of the corresponding request — either success or the
reason for failure, as specified in table B.29.

Table B.29 — Status and reason codes

SUCCESS 0016

SERVICE-UNAVAILABLE — TEMPORARY 021¢

RESOURCEUUNAVALL AR ITEMPRORAD 034

TIME-BASE MISMATCH — TEMPORARY

SERVICE-UNAVAILABLE — PERMANENT

RESOURCE-UNAVAILABLE — PERMANENT

d) [If octet 4 encodes success (00), then octets 5 and 6 of the

DLftime source link-id variable, Vg(TSL), of the LAS

e) [If octet 4 encodes success (00), then octe arting
DLjtime for execution of the sequep€e, in yni ced to
thg DL-time source link-id specified\

f) |If octet 4 encodes failure (any vé ), then this SPDU shall have pnly 4

B.3.4,
e B%:a cel-schedule SPDU
B contents of field
> 1111 1100
\ Schedule identifier

The O a scheduling action of the LAS DLE may also request the chncel-
lation iousy scheduling action. The SPDU by which this request is made shall be
encod

a) Fre—ShbUdtheaderoctetoetetL—shal-be—enrecodedas 113100 spectying—a—eancel-

schedule SPDU.

b) Octets 2 and 3 shall encode the schedule-identifier provided by the requesting DLE in the
schedule-request SPDU which this SPDU is cancelling.

NOTE This identifier enables the LAS DLE to associate the cancellation request with the corresponding
scheduling request.
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B.3.4.5 Schedule-cancelled SPDU

Table B.31 — Schedule-cancelled SPDU

octet index contents of field
1 1111 1101
2 . -
3 Schedule identifier
4 Status or reason

The LJAS DLE shall acknowledge cancellation of a scheduled sequence by(sending a(schedule-

cancelled SPDU to the DLE which originally made the schedule bdule-
cancelled SPDU shall be encoded as specified in table B.31:
a) [The SPDU header octet, octet 1, shall be encoded as 11 bdule-

camcelled SPDU.

b)

NO
sponding scheduling request.

c) [Octet 4 shall encode the reason fo

B.3.5|Schedule-transfer SPDUs

in the

ity corre-

Schequle-transfer SPDUs 4 i ‘ - bn the

samellink. This transfe

ntinue

the execution of the li have
been constructe urrent
LAS ffom anothe i 4 does
not s4 4 PDU. Therefore, an LAS DLE which receives quch a

DL-management cannot modify this schedule.

ne or more periodic subschedule SPDUs and one schedule-

dble B.32. Each subschedule contains one or more sequ

ambiquity:

nces,

period. An LAS may have a limit on the number of different
cute simultaneously. The schedule can be transferred one SPDl at a
an be included in one DLPDU. If the schedule is transferred in one

RDUs should be in on contiguous sequence as shown in the table B.32. The
format of‘each SPDU is such that the end of each SPDU can be determined WithoTt any

The 3-bit version number, NNN, of the schedule transfer encoding which is used in schedule

transfer SPDUs shall be encoded as 000.

Table B.32 — Link-schedule

Schedule-summary SPDU

Subschedule SPDU

Subschedule SPDU
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B.3.5.1 Schedule-summary SPDU

The schedule-summary SPDU is a record of attributes which are common to all subschedules.
This SPDU shall be encoded as specified in table B.33. Multi-octet values shall be encoded
with the most significant octet of the value encoded in the lowest-index octet of the multi-octet
field. If this SPDU is for a null schedule, then it shall consist of only the first four octets, and
the remaining octets shown in B.33 shall be omitted from the SPDU.

a) The SPDU header octet, octet 1, shall be encoded as 1111 1111, specifying a schedule
transfer SPDU.

b) bLCL L Dhall QIJCblly lIIC Ly}JC UI D\,IICUUIC LI aIIDICI JPDU - obllCuulC Dullllllaly, aAalty Sha”
be|encoded as 0000 ONNN, where NNN is the version number of t scheduleMransfer
engoding.

Table B.33 — Schedule-summary SPDU

octet index contents of field \ \\

1111 1111 < \ \
0000 QriiN N\ N \
schedul eWm er. \/

4\\@ o e

sub hedules

\ - XSQO
WM @total schedule
N re on required to meet
schedule-jitter commitments
\)/b\g/\,\ \ > V(MRD) x V/(ST)
AN

/\\& \\) v(TSsL)
RN

/k‘;—‘,}fc‘;cooo\lmmhwml—\

periodic schedule DL-time base (TO0)

o macro-cycle duration

28 subschedule-SPDU reference

subschedule-SPDU reference

subschedule-SPDU reference

end-of-schedule-summary

c) Octets 3 and 4 shall specify the non-zero value of the schedule version-number as a two-
octet integer, or shall specify the value zero. If the value of this field is zero, which is used to
indicate a null schedule, then this field shall be the last field actually present in the SPDU.
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d) Octets 5 and 6 shall specify the source of the schedule as an identifier with a value
range of 01001¢ ... OFFF16.

NOTE This field is only for reference and is not used by the LAS.

e) Octet 7 shall specify the number of subschedules in the schedule.

in the

f) Octet 8 shall specify the value of V(MSO), maximum-scheduling-overhead (see 5.7.5.6),
which was used in the construction of the schedule. Its unit of measurement and range of

values is specified in 5.7.5.6.

g) Octets 9 and 10 shall specify the total storage space required for the-s
and all of the subschedules in number of octets. This is the sum of nu ber o]
SPDU of the schedule.

i) Octets 13 and 14 shall specify the value of maxipfum-re
V(MRD) x V(ST) octet-durations, which was used in #tt
unit of measurement and range of values are specifi

j) Octets 15 and 16 shall specify

m)Octets 27 and the SPDU shall reference the subschedule-SPDUs
idegntifier, {0 ta B.34. Each identifier shall be 2 octets long and shall h
NofN-zerQ va

n) [The end g¢-summary shall be encoded as a multiple of two octets whose
arqg all zero.

NO['E The schedule builder can fill the end of this SPDU with more than the minimum number of octet
ant{cipation of future addition of subschedule-SPDU references.

hedule-summary
Qctets in each

ited to

P was

2. The

n was

ource
of all
edule

least

by its
ave a

alues

5 in the

Table B.34 — Subschedule-SPDU reference

octet index contents of subfield

1
5 subschedule identifier

The length of this SPDU may approach 256 octets.
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B.3.5.2 Subschedule SPDU

11999

The subschedule SPDU is a record of attributes which are common to one subschedule and
specification of all sequences for that subschedule. This SPDU shall be encoded as specified
in table B.35. Multi-octet values shall be encoded with the most significant octet of the value

encod

ed in the lowest-index octet of the multi-octet field:

Table B.35 — Subschedule SPDU

octet index contents of subfield

1 1111 1111

0000 1NNN

schedule version-number

subschedule identifier

NN

T G st

| Mﬁwce&b-s\ﬁsu/

( r\end\-atéstch dule
XS

Boo~w|ou|rw]|N

=
=

The SPDU headg
nsfer SPDU.

Ral be encdded as 1111 1111, specifying a sch

edule

b) Octet 2 sh h&dule transfer SPDU - subschedule, and shall be
engoded as 0000 e version number of the schedule transfer encgding.
c) Octets 3 decCi e two octet integer value of the version-number pf the
schedule gvhichd ubschedule; all values except zero are permitted. The|value
of this fi nticakto the same field of schedule-summary SPDU.

d) Octets~5_‘ahd & shall either specify the non-zero value of a subschedule identifjer as
referenced.in edule-summary SPDU (see B.3.5.1d)) or it shall be zero. If the vdlue of
thig field is zero,t1en this shall be the last octet of this SPDU, and it is used to indicale that
thg LAS-has sent all of subschedule SPDUs, so that the receiving DLE can do error fecov-
ery_if it had not received all of such SPDUs_If the value of this octet is non-zera, than this

octet shall be followed by the other fields of this SPDU as specified in e), f) and g).

e) Octets 7 to 10 shall specify a non-zero execution period of all sequences in the sub-
schedule. Its units are 2°° ms.

f) Octets 11 and up to the end of the SPDU shall specify one or more sequences as
specified in B.3.5.2.1.

g) The end-of-subschedule shall be encoded as a multiple of four octets whose values are

all

Zero.

NOTE The schedule builder can fill the end of this SPDU with more than the minimum number of octets in the
anticipation of future addition of sequence sub-SPDUs.
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The length of this SPDU may approach 256 octets.

B.3.5.

2.1 Sequence sub-SPDU

The sequence sub-SPDU is a sub-record of attributes which are common to one sequence and
specification of all elements of that sequence. This sub-SPDU shall be encoded as specified in
table B.36. Multi-octet values shall be encoded with the most significant octet of the value
encoded in the lowest-index octet of the multi-octet field:

a) ti;ne of the sequence as offset
pe 22 ms. The LAS is required to e
thg irst to the last element. The startin

of

wh

NO
adj
seq

exe

b)

is only for-referen

c)
d)

B.3.5.

wh¢ \ 4rt(NT) is the value of V(LSTO) + C(NT) at the start of the schedule

Table B.36 — Sequence Sub-SPDU

octet index contents of subfield
1
g scheduled-starting-time-offset
4
5 Maximum computed dqra on x
6 of sequence execw -
7

element-d}sef'rpix{#\\

element(des fiption

elenﬁ}rt\- c&/pti

entooepdpes’ |
7

Octets 5 and 6 shall specify the worst-case duration of executing the sequence. Thi

¢ and LAS does not use this to execute the sequence.

from

ecute
j time

), is
ach

s field

Octet 7 and following shall specify one or more elements as specified in B.3.5.2.2

The end-of-sequence shall be encoded as two octets whose values are both zero.

2.2 Element

The element is the lowest level component of the schedule, and it represents a transaction
(see 3.3.18). The element shall be encoded as specified in table B.37. Multi-octet values shall
be encoded with the most significant octet of the value encoded in the lowest-index octet of the

multi-

octet field.
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Table B.37 — Element-description

octet index [ contents of subfield

1 element-type

2
element-parameter

a) Octets 1 shall specify the type of transaction and shall be encoded as:

1011 OOPP — CD-request, SHORT DL-address, PP = priority (see 6.2.

1011 10PP — CD-request, LONG DL-address, PP = priority (see 6

e se-

e se-
quence;

1000 1111@

coding

shall
| CEP-

2) If element type is CD-request, LONG DL-address, then the element parameter shall
have four octets and these four octets, octets 2 to 5, shall specify a LONG DLCEP-
address.

3) If the element type is ES-request, SHORT DL-address, then the element parameter
shall have four octets. The first two octets of these four octets, octets 2 and 3, shall
specify a SHORT DLSEP-address. The next two octets of these four octets, octets 4 and
5, shall specify duration measured in octets of link transmission capacity, DD-parameter
of ES DLPDU.

4) If the element type is ES-request, NODE DL-address, then the element parameter shall
have six octets. The first four octets of these four octets, octet 2 to 5 shall specify a NODE
DLSEP-address. The next two octets of these six octets, octet 6 and 7 shall specify du-
ration measured in octets of link transmission capacity, DD-parameter of ES DLPDU.
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5) If the element type is WK-request, NODE DL-address, then the element parameter
shall have one octet and this octet, octet 2 shall specify a non-zero NODE DL-address.

B.3.5.3 Schedule-summary-request SPDU

The schedule-summary-request SPDU requests the schedule-summary SPDU for the currently
active schedule, from the addressed LAS. The schedule-summary-request SPDU shall be
encoded as specified in table B.38.

Table B.38 — Schedule-summary-request SPDU

tra
b)

B.3.5.

The ¢
The s

a)
tra

octet index contents of field L

1 1111 1110 /\\

2 0000 0000 /\

The SPDU

hsfer request SPDU.
Octet 2 shall be encoded as 0000 0000, specif

Y Subschedule-request SPDU

header octet, octet 1, shall be encoded

Ta .39 bsthedule-request SPDU

N

octet nﬁc%\&/ K \&er/nts of field

\l> 2 \) 1111 1110

> 0000 1000
JAN

<\\§\ \) schedule version-number

The SPDU

N\ \> subschedule identifier
AN

er octet, octet 1, shall be encoded as 1111 1110, specifying a sch

hsfer_request SPDU.

b) Octet 2 shall be encoded as 0000 1000, specifying a subschedule-request SPDU.

edule

DU.

LAS.

edule

c) Octets 3 and 4 shall specify the two octet integer value of the version-number of the
schedule; all values except zero are permitted.

d) Octets 5 and 6 shall either specify the non-zero value of a subschedule identifier as
referenced in the schedule-summary SPDU (see B.3.5.1m)) or it shall be zero. If the value
of this field is zero, then this is a request to the LAS to send all subschedule SPDUs for the
specified schedule, otherwise it is a request to the LAS to send the specified subschedule

SP

DU.
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B.3.6 Non-LAS SPDUs

Non-LAS SPDUs are used to support DL-services other than scheduling, such as
DL-SUBSCRIBER-QUERY requests and DL-LISTENER-QUERY requests, to support bridge filtering
database maintenance operations, and to support protocol-analyzers. These SPDUs may be
sent between any two DLEs on the extended link, and may be broadcast to all DLEs on a local
link where appropriate.

B.3.6.1 Parameter lists in SPDUs

Non-LAS SPDUs are used to query or transfer DLS-provider database information from one
DLE ; =t the
transferred database items, and to specify the beginning, continuation, or e of such)p list.

Each |encoded element of parameter-list consists of a header, a
followgd by zero or more octets of associated information.

B.40,

list element type

TTTT

The li t. The
format and primary function of the list/element type,
TTTT| whose encodings shall be.

0 pegin/end-of-list

1 [continuation~af-li

B.3.6 (1.1 \Begin/end-of-list element

lable B.41 — bedgin/end-oT-1ISt element

octet index contents of field

1 0000 0000

A begin/end-of-list element shall be encoded as specified in table B.41:

— The list element header octet, octet 1, shall be encoded as 0000 0000, in accordance
with table B.40.
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B.3.6.1.2 Continuation-of-list element

Table B.42 — Continuation-of-list element

octet index contents of field
1 0001 0000
2
3 . L .
4 Continuation identifier
5

A confinuation-of-list element shall be encoded as specified in table B.42;

a) [The list element header octet, octet 1, shall be encoded as
with table B.40.

b) Octets 2 to 5 shall encode a continuation-identifier fravi
prqvider database is being read. There is no constraint on.

B.3.6/1.3 sHORT DL-address element

Table B.43 — HORT DL

octet inde§/\ /\\ \ B?tengg\(eld

)C)/SSSS

\ &HORT DL-address

ent shall be encoded as specified in table B.43:

2116 — SHORT DLSAP-address whose DL(SAP)-role is BASIC;

whose

ctet, octet 1, shall be encoded as 0010 SSSS, in accor

dance

DLS-

e to its

inue the

dance
Of the

2415 — SHORT DLSAP-address whose DL(SAP)-role is INITIATOR;

2516 — SHORT DLSAP-address whose DL(SAP)-role is UNCONSTRAINED RESPONDER,;

2616 — SHORT DLSAP-address whose DL(SAP)-role is CONSTRAINED RESPONDER,;

2816 — SHORT DLCEP-address of a peer DLCEP;

2916 — SHORT DLCEP-address of a publisher DLCEP;
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2A16 — SHORT DLCEP-address of a subscriber DLCEP’s publisher;

2B1g — SHORT DLCEP-address of a subscriber DLCEP (which exists during DLCEP-
establishment);

2C16 — SHORT DLSEP-address;
b) Octets 2 and 3 of the list element shall specify a SHORT DL-address.

B.3.6.1.4 10ONG Dl -address element

Table B.44 — LoNG DL-address element

~
octet index contents of field /\

1 0011 SSSS \

2 \

3

4 LONG DL-address

5

Each LoNG DL-address list element sha

a) [The list element header octet, octe sha as 0011 SSSS, in accordance
with table B.40, and the subtype field, SSSS specify the DL-address type pf the

ac¢companying DL-address parameter, aw

3016 — LONG group DL-add

3816 —'\LONG DLCEP-address of a peer DLCEP;

39{g — LONG DLCEP-address of a publisher DLCEP;

3A16 — LONG DLCEP-address of a subscriber DLCEP’s publisher;

3B1s — LONG DLCEP-address of a subscriber DLCEP (which exists during DLCEP-
establishment);

3C16 — LONG DLSEP-address;

b) Octets 2 to 5 of the list element shall specify a delocalized LONG DL-address.
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B.3.6.

Each

a)
wit

b)
wh
of

B.3.6.

1.5 DLSAP-address-characteristics element

Table B.45 — DLSAP-address-characteristics element

octet index contents of field
1 0100 0000
2

constrained responder’s remote-DLSAP-address

5 as a LONG DL-address

DLSAP-address-characteristics list element shall be encoded as spegifiet\in tabléB

The list element header octet, octet 1, shall be encoded as 0480 agcor
h table B.40.

Octets 2 to 5 shall encode the remote DLSAP-address pa DLSAP-aq
pse DL(SAP)-role binding is CONSTRAINED RESPONDER/ This\e all be in the

h delocalized LONG DL-address.

1.6 DLCEP-characteristics element

Table B.46 — P EP&eris |cs en

octet index N \contentsy el
o

<‘ (\\@L@parameters
N \J

b/ Wer DLCEP parameters

Weceiver DLCEP parameters

WN | -

N

b) O&tets 2 and 3 shall encode the basic parameters of the DLCEP, as specified for th
a.n ;i chulld U\JtCtQ Uf thc }Jal QIIICtUIQ Uf arl EC DLPDU ;II th:UQ 29 alld GC alld ;II S.l

45:

dance

dress
e form

dance

e first

a)8), except that reply-request subfield (R) (see 8.1a)1)) shall be coded as 0.

)2) to

c) Octets 4 to 7 shall encode the sender parameters of the DLCEP, as specified for the
seventh to tenth octets, respectively, of an EC DLPDU in tables 33 to 35 and in 8.1c)1) to
c)10).

d) Octets 8 and 11 shall encode the receiver parameters of the DLCEP, as specified for the
eleventh to fourteenth octets, respectively, of an EC DLPDU in tables 36 to 38 and in
8.1d)1) to d)10).
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2 Address-query SPDU

Table B.47 — Address-query SPDU

The 3
DL-ad
by the
addre
DL-SU

The a

a)
qu

b)

DL
be

c)

NO

d)

octet index contents of field
1 0100 OVVV
2 query modifiers
3
4 . .
5 request identifier
I~
7 .
DL-address parameter-list element
Va

TE This\dentifier enables the requesting DLE to associate a reply with its corresponding request.

Octets 7 and following shall encode either one SHORT DL-address element or one

se (of

s specified

nd an

5s-report  SPDU  if that address is found. ipport
BSCRIBER-QUERY and DL-LISTENER-QUERY reques

Hress-

ng or
shall

list elements for peer DL-address, and, where appro-
3, in the replying address-report SPDU when known.

DLE.

LONG

DL

o oq

specify the DL-address which is the subject of the query.

Aol 1 & ifiaal n_Q 4.2 DU = W 4Tl PP = | alal h”
AUUTTSS TITITNITII, dS SPTUITITU TIT D.O.U. L. .o dllu D.o.U. L.5. TTTIT TINUUUTU DULTAUUTTSS sha
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B.3.6.3 Address-report SPDU

Table B.48 — Address-report SPDU

The 4
DLE ¢
datab

Itis a

1)
aV
2)

NO
tion

Its primary purposes are to

and tg

The a
speci

octet index contents of field
1 0100 1VVV
2 reason for report
3
4 . .
5 request identifier
I~
7 .
parameter-list elements

ddress-report SPDU is sent in response to an address-gUe

by a non-FDC DLE when the DL-
alue other than zero or V(TL) );

facilitate brifge
dress-repo

ied in table B«¥§

eiving
arding

t with

activa-

uests,

ed as

Hress-

c)

toTs—Amon-FOCBtEhasactivatedthespecifredBt=address;
1116 — An FDC DLE has activated the specified DL-address;

1216 — A non-FDC DLE has deactivated the specified DL-address;
1316 — An FDC DLE has deactivated the specified DL-address.

All other values are reserved for future standard use.

Octets 3 to 6 shall encode
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1) the non-zero request-identifier provided by the requesting DLE in the address-query

SPDU to which this SPDU is a reply; or

NOTE This identifier enables the querying DLE to associate the reply with its corresponding query.

2) a value of zero indicating that this is a spontaneous report of the activation or deacti-

vation of a DL-address, and not a reply to a prior SPDU.

d) Octets 7 and following shall encode either one SHORT DL-address element or one LONG

DL-address element, as specified in B.3.6.1.3 and B.3.6.1.4.

e) [f this SPDU is a reply to an address-query SPDU, and that asso
specified that responders should include peer DL-address and D
elgments in the reply SPDU when known.

1) the responding DLE shall append a DLSAP-address-c
address-characteristics element specifying the characterigti
to the reply SPDU, as specified in B.3.6.1.5 and B.3.6.1.6;

NOJE These last two elements provide nece

B.3.64 Address-list-query SPDU

the g
and t

iated query.

The address-list-query SPDU requeststhe { Vi > i
DL-a dresses recognlzed onei cakreceptign onfo arding) for DL-addresses whichH meet
g o

ontinuation-point specified in the guery,

SPDU
ristics

| CEP-
dress

y DLE
h que_

se (of

hich meet the criteria as possible|in an

addrep i DU with an end-of-list or continuation-point list

elems

- Address-list-query SPDU

contents of field

0101 OVVV

selection criteria

request identifier

parameter-list element

The primary purpose of this SPDU is to provide bridges with a means of building and

maintaining their forwarding databases.

The address-list-query SPDU shall be formatted as specified in table B.49:

a) The SPDU header octet, octet 1, shall be encoded as 0101 0VVV, specifying a address-

list-query SPDU.
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Table B.50 — DL-address selection criteria

sitlcrlggfd reserved DLSEP- subscriber publisher peer
addresses address DLCEP DLCEP DLCEP
A B (=0) C (=0) D (=0) E F G H
15 14 13 12 11 10 9 8
constrained unconstrained o )
. responder responder Initiator basic grou
TESETVEU DLSAP- DLSAP- DTCSAP- DTCSAP- DL-addless
address address address a?d?e\ss\
J [=0) K (=0) L (=0) M N P N ‘N R
7 6 5 4 3 2 < 1 \9
b) Octets 2 and 3 specify the selection criteria for DL Med within a
regponder’s address-list-reply SPDU. They shall be e octets of indjvidual
selection criteria, as specified in table B.50, with « ields A to H, and
ocfet 3 of fields J to R.
1) If field A=1, then the standard Db which
meet the other selection criterianshalk be A=0)
they shall be excluded from the rep
2) Fields B, C, D, J, K and L are \es coded
as zero.
3) If field E=1, ther active D SER~addresses of the receiving DLE shall be inclu@led in
the reply Iis;: oth ' ey'shall be excluded from the reply list.
4) If field F=1,the » EP-addresses of subscriber DLCEPs within the re-
ceiving DLE/® 8 eceiving DLE, shall be included in the reply list; jother-
wise (field R=O)\they st ' luded from the reply list.
5) If.field -addresses of publisher DLCEPs within the receiving DLE, or
forivarded bywthe receiving DLE, shall be included in the reply list; otherwise (field G=0)
they
6) If fietd H=1 en DLCEP-addresses of peer DLCEPs within the receiving DLE, pr for-
warded by the receiving DLE, shall be included in the reply list; otherwise (field H=Q) they
shall be excluded from the reply list.

7) If field M=1, then DLSAP-addresses of DLSAPs within the receiving DLE, or forwarded
by the receiving DLE, whose DL(SAP)-role is CONSTRAINED-RESPONDER, shall be included

in the reply list; otherwise (field M=0) they shall be excluded from the reply list.

8) If field N=1, then DLSAP-addresses of DLSAPs within the receiving DLE, or forwarded

by the receiving DLE, whose DL(SAP)-role is UNCONSTRAINED-RESPONDER, shall

be in-

cluded in the reply list; otherwise (field N=0) they shall be excluded from the reply list.

9) If field P=1, then DLSAP-addresses of DLSAPs within the receiving DLE, or forwarded

by the receiving DLE, whose DL(SAP)-role is INITIATOR, shall be included in the rep
otherwise (field P=0) they shall be excluded from the reply list.

ly list;
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10) If field Q=1, then DLSAP-addresses of DLSAPs within the receiving DLE, or for-
warded by the receiving DLE, whose DL(SAP)-role is BAsIc, shall be included in the reply

list; otherwise (field Q=0) they shall be excluded from the reply list.

11) If field R=1, then group DL-addresses of DLSAPs within the receiving DLE, or for-
warded by the receiving DLE, shall be included in the reply list; otherwise (field R=0) they

shall be excluded from the reply list.

c) Octets 4 to 7 shall encode a non-zero request-identifier provided by the requesting DLE.

NOTE This identifier enables the requesting DLE to associate a reply with its corresponding request.

d)
tio
Sp¢

B.3.6.

The 4

purpop

datab

Octets 8 and following shall encode either one begin/end-of-list elenfent oroneCeof
n-of-list element, as specified in B.3.6.1.1 and B.3.6.1.2. The &ns d element
cify to the receiving DLE where, within its forwarding database searchhshotld 1

2) If a continuation-of-list element is specified, it indicate ;) uefy is interro
the forwarding database of the receiving DLE cgntinui ; pecified point. F

5 Address-list-reply SPDU

Table B.51(— A

0ctetinde< f-\\ \@)‘lte‘r\us f field
1N\, A aN \(gbl Y

2
3 . .
request identifier
6 \/ .
parameter-list elements

SPDU is sent in response to an address-list-query SPDU. Its p
dges with a means of building and maintaining their forw
hses.

The anress list-reply SPDU may be addressed to a DLE on another link. It shall be forn

tinua-
shall
egin:

ihg the

jating
Dr this

ipr ad-

rimary
arding

hatted

n-takl 2_LC1

as Spc\;lllcu L] %1 AL "N = Frw ju np

a) The SPDU header octet, octet 1, shall be encoded as 0101 1VVV, specifying an address-

list-

reply SPDU.

b) Octets 2 to 5 shall encode the non-zero request-identifier provided by the requesting DLE
in the address-list-query SPDU to which this SPDU is a reply.

NOTE This identifier enables the querying DLE to associate the reply with its corresponding query.

c) Octets 6 and following shall encode zero or more SHORT DL-address and LONG
DL-address elements, as specified in B.3.6.1.3 and B.3.6.1.4, specifying DL-addresses
which meet the selection criteria specified in the corresponding address-list-query SPDU to

wh

ich this is a reply.
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The last element in the parameter-list shall encode either one begin/end-of-list element or
one continuation-of-list element, as specified in B.3.6.1.1 and B.3.6.1.2. If the encoded
element is a begin/end-of-list element, it shall specify to the querying DLE that the re-
guested search of the replying DLE’s forwarding database is complete; if it is a continuation-
of-list element, then the querying DLE can request that the search be continued at the point
indicated in that continuation-of-list element.

The length of this SPDU may approach 256 octets.

B.4 Elements of Procedures for receiving SPDUs

B.4.1 |Procedures for SPDUs received by the DLE acting as LAS
B.4.1J1 Receipt of a Link-basic-parameters-request SPDU

The LAS DLE shall
a) form a Link-basic-parameters-reply SPDU (B.3.2.10);
b) schedule the transmission of a connectionless DT BtR

— format 1S;

— NORMAL priority;

which

B.4.1. —“awakened” SPDU

The L afl those DLPDUs addressed to the notifying DLE which| were
stored Nile the notifying DLE had “gone-to-sleep”, and the LAS DLH shall
stop dtori . recej¥ed DLPDUs addressed to the notifying DLE.

B.4.1)3 Receipt of a-FDC-DLE-may-“go-to-sleep”-notification SPDU

The UAS'DLE shall send an FDC-DLE-may-"go-to-sleep”-acknowledge SPDU to the natifying
DLE, and shall start storing any new received DLPDUs addressed to the notifying DLE for
subsequent forwarding when that notifying DLE next notifies the LAS DLE that it has
“awakened”.

B.4.1.4 Receipt of an Accept-LAS-role-reply SPDU

The LAS DLE shall note that the Accept-LAS-role-request SPDU has been received by the
replying DLE, and shall wait for the relinquish-LAS-role-request SPDU from that DLE.
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B.4.1.5 Receipt of a Schedule-request SPDU

The LAS DLE shall attempt to update the schedule to satisfy this request. After completing the
processing of this request, the LAS DLE shall send the Scheduling-completed SPDU as
specified in B.3.4.3.

B.4.1.6 Receipt of a Cancel-schedule SPDU

The LAS DLE shall attempt to update the schedule to satisfy this request. After completing the
processing of this request, the LAS DLE shall send the Schedule-cancelled SPDU as specified
in B.3.4.5.

B.4.2 |Procedures for SPDUs received by an LM DLE
B.4.2J1 Receipt of an Accept-LAS-role-request SPDU
If the| addressed DLE accepts the request, it shall respond -reply

SPDU, and shall take whatever actions are necessary to prepare ' Y b LAS
roIe } fer by

B.4.3
B.4.3.

The a
priorit
destin
which

ionless DT DLPDU of NDRMAL
.8) as the conveyed DLSDU. The
he source DL-address of the DLPDU

B.4.3. i C -agknowledge SPDU

If the|receiving DLE i
receivied on the @ in

ay become inattentive to all non-WK DYPDUs
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Annex C
(normative)

DL-bridge elements of procedure and bridge sub-protocol

The ISO/IEC bridge protocol, ISO/IEC 10038, specifies management and operation of the
MAC-relay entities of a bridged local area network. This annex specifies additions and
0 Q A eh a m it 1N 1 1

modifj
Fieldh

In the

are preceded by [FB], references to clauses of ISO/IEC 10038 are p

C1l ¢

Throughout [IL] replace all references to

a)
b)

c)

d) FLAN” by “link”;

e)
f)
9)
h)
i)
Throu
appro

cross
body |

oriate, . \with th

lobal changes

‘MAC” by “DL” or “DL-", as appropriate;

‘Media Access Control” by “Data

‘Sublayer” by “layer”;

annex identification “C.” to provide a means of discriminating be

e with

cation

nce, if
tween

references within this annex [IL] and references within the annex to the main (non-é

nnex)

Make all other style, format and nomenclature changes required by IEC Directives Part 3, and
renumber or reletter the items within each subclause as appropriate after the following changes.

cz2cC

hanges to [IL/1]: Introduction

Modify the following indicated paragraphs of [IL/1.5] as shown:

1)
(4)
)

delete paragraph (b)
delete this paragraph

replace “may” with “shall”
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9)

(11
(12)
(16)

(17)
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replace paragraph with “shall use 32-bit DL-addresses and their 48-bit MAC-address
representations as specified in [IL/3.1.2] and described in [FB/A.4].

replace “may” with “shall” and delete “optional”
delete paragraphs (a) and (b)
replace “may” with “shall”

replace “may” with “shall”

(1P)

(2P)

Delet¢ [IL/1.6 and 1.7].

C.3 Changes to [IL/2]: Support of the DL-Service

Repla
an ex}
DL-se

Delete

Repla
topolg

ce the f/rst paragraph of [IL/2.1] W/th “The DL-s

gy and configuratic
designator values betw

replace “may” with “shall”

replace paragraph with “shall support remote managemen
in the future IEC 61158-7"

/] and

d stations attached to

rvice/provided
' of the

by the
r link-
en

Delets
Repla PDUs
transmi
a) ously-
usable p
b) jons.

NOTE , (Such reconfiguration can occur only as the result of DL-management action or during recovefry from

briqgelor,Ph-layer entity failures.

Replace the second paragraph of [IL/2.3.7] with “For DLPDUs relayed between links, the bridge
shall modify the FC octet of each DLPDU and make compensatory modifications to the FCS of
that DLPDU as specified in [FB/6.1.1.3].”

Insert after [IL/2.3.10] “2.3.11 Time synchronization . The bridges establish and preserve
the shared sense of DL-time throughout the extended link.”

Replace [IL/2.4] with “2.4 Forwarding of DLPDUs .

“A bridge receiving a DLPDU examines the DLPDU’s frame type and first address, from which
the bridge determines whether and to where the DLPDU should be forwarded.
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“A bridge forwards a CA, CD, DC, DT, EC, ED or RC DLPDU, together with its received FCS,
toward those links which have DLEs which should receive the DLPDU'’s first DL-address. No
other forwarding of DLPDUs occurs.

“If the received DLPDU is a CA, CD or ED DLPDU, then the bridge replies immediately with a
SR DLPDU on the link from which the CA, CD or ED DLPDU was received.”

Delete [IL/2.5].

C.4 Changes to [IL/3]: Principles of operation

Insert| before [IL/3.1 (2)]:
“(2) Relay of the shared sense of DL-time.”
Modify the indicated paragraphs of [IL/3.1.1] as shown:
(3 D, RC
, ICD or
1 7.5.4
(31) is DT
(5
(8)
(9) ification
(91) which
Append to [I[Y3.1. .. gqueries to other bridges and end-stations on the local link}”
Replace Bridge architecture . Each bridge port receives and trapsmits

DLPDUs to ape\from the link to which it is attached. The DL-relay-entity handles the funfctions
of relgying BLPDUs between bridge ports, filtering DLPDUSs, and learning filtering information.

“The Pridge protocol entity handles calculation and configuration of the extended link topjology.
The bridge protocol entity and other higher-layer protocol users, such as DL-management,
make use of higher-level DLL services, which are provided in a port-independent manner.

“Figures 3-2 and 3-3 of [IL] illustrate a bridge and its ports, and the architecture of the bridge
for a bridge with two ports. A bridge may have more than two ports. Where Fractional Duty
Cycle (FDC) nodes exist on a link, it is also meaningful for a bridge to have just a single port,
since a one-port bridge can supply the DLPDU store-and-forward services needed to permit
communication with or among FDC nodes.”

Delete the first paragraph of [IL/3.3].

Replace figures 3-2 and 3-3 of [IL] with figures C.1 and C.2 to replace the term “LAN” with
“local link” and to delete the terms “LLC entities” and “MAC service interfaces”:
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Delett
Repla
Repla
Delete

Repla
bridgsg
detec

are dé

Figure C.1 — Replacement for [IL] Fig 3-2 Bridge po

higher-layer management protocol and functiM\

>

higher-level data transfer \K
and object-service DL-functiong/\\ k
N\

path access and scheduling scheduling

<+

DL-relay functiorfs

lower-level

DL-functions

Q

/

local link 1

Legend
- “internal ok external DL-seyvice

port-examine

e

MNyith “8.5  Frame reception . The lower-level DLL entity associated with
all DLPDUs received from the link to which it is attached. Frames th
ed’ to-be in error are discarded; this includes frames whose FCS is in error. Frame
ptected to be duplicates of prior received frames, due to_immediate retry by the d

each
at are
s that
urrent

holder of a scheduled or delegated token, are also discarded after generation of the required
immediate reply. All other frames shall be submitted to the learning process.

“Received DC, EC and RC DLPDUs [IL/2.4] shall be submitted to the forwarding process.
Received CA, CD and ED DLPDUs [IL/2.4] shall be submitted to the forwarding process except
when they are discarded as duplicates of prior received DLPDUs. Received DT DLPDUs
[IL/2.4] containing at least one explicit DL-address shall be submitted to the forwarding

process.

“Other DLPDU types shall not be relayed by the bridge. However, the bridge may be required to
transform a received SR DLPDU, or a received DT DLPDU without explicit DL-addresses and
with null user data, to a DT DLPDU with one explicit DL-address and null user data, and
forward that transformed DLPDU as if it had just been received (see 7.7.4.3c) and 7.8.4.3b)).
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“DLPDUs addressed to the bridge as an end station shall be submitted to upper-DLL

processing except when they are discarded as duplicates of prior received DLPDUSs.”

“Locally-originated DLPDUs shall be submitted directly to the forwarding process by the upper-

DLL functions.”

Replace [IL/3.6] with “3.6 Frame transmission . The lower-level DLL entity associated with
each bridge port transmits DLPDUs submitted to it by higher DLL functions. Relayed,
transformed and locally originated DLPDUs are submitted for transmission by the forwarding

process.”

Replace [IL/3.7.1 (3) (a)] with “The DLPDU specifies a destination DL-addressand the(Fjjtering
Database indicates that DLPDUs with this value of the destination address shoul beyforwarded
through the transmission Port (as would happen, for example, SN address
speciffied a local link accessible through that transmission Port).”

Replace [IL/3.7.1 (3) (b)] with “The DLPDU specifies only L-address and the
Filtering Database indicates that source-only DLPDUs withthi S dress
shoul ected
receiVlers of DLPDUs with that source address were ajté gccessible through
that t

Delete [IL/3.7.2]

Delete [IL/3.7.4]

Repl 7. ] e ifigati . When forwarding a DLPDUj it is
somefimes necessary for a bridge \ e subfield of a DLPDU'’s frame ¢ontrol
field. of the
frame| control field. all be
perfoqmed as spegified

Delete¢ tables 3-1

Repl ] ¢ with “3.8 The learning process . The Learning PrHocess
obseryes the 2 seS, and in some cases the destination DL-addresses anld CE-
paranjeter d on each Port and updates the Filtering Database conditionally
onthg s

Replace the thisd paragraph of [IL/3.8] and its subparagraphs with “The Learning Process may
dedude thespath theoligh the extended link to particular end stations, by inspection pf the
source DLl-address fields of CA, CD, DC, DT, ED and RC DLPDUs, and by inspection pf the
EC-pgrameters and all of the DL-address fields of received EC DLPDUs.

“(1) For the source DL-address of a CA, CD, DC, DT, ED or RC DLPDU, and for each of

the two source DL-addresses of an EC DLPDU, if

“(a) the link-designator component of that DL-address is in the range 10001¢ to

V(ML), inclusive, where V(ML) is as defined in [FB/5.7.6.1];

“(b) the Port from which the DLPDU was received was in a state that allows
ing [IL/4.4];

learn-

“(c) a static entry [IL/3.9, 3.9.1] for the link-designator component of that source

DL-address does not already exist; and
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“(d) the resulting number of entries would not exceed the capacity of the Filtering
Database,;

“then the Learning Process shall create or update a dynamic entry [IL/3.9, 3.9.2] in
the Filtering Database for the link-designator component of that source DL-address,
associating the Port on which the DLPDU was received with that link-designator
component.

For the source DL-address of a CA, CD, DC, DT, ED or RC DLPDU, and for each of
the two source DL-addresses of an EC DLPDU, if

“(a) the link-designator component [FB/A.1] of the source Dt-address_isyjn the
range 00801¢ to OFFF1¢, inclusive;
“(b) the Port from which the DLPDU was received was s [learn-
ing [IL/4.4];
“(c) a static entry [IL/3.9, 3.9.1] for that sourc not already|exist;
and
“(d) tering
D.2] in
Ch the
speci-
learn-
bs not
tering
“then the Learning Process shall create or update a dynamic Publisher entry [|L/3.9,

“(4)

3.9.2] In the Filtering Database for that source DL-address, associating the Ports to
which the DLPDU will be forwarded to the subscriber ports of that DL-address.

For an EC DLPDU, if

“(a) the sender’'s-DLCEP-class parameter of the DLPDU’s EC-parameters speci-
fies SUBSCRIBER [FB/8.1a)4)];

“(b) the Port from which the DLPDU was received was in a state that allows learn-
ing [IL/4.4];

“(c) a static entry [IL/3.9, 3.9.1] for the DLPDU'’s destination DL-address does not
already exist; and
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“(d) the resulting number of entries would not exceed the capacity of the Filtering
Database;

“then the Learning Process shall create or update a dynamic Publisher entry [IL/3.9,
3.9.2] in the Filtering Database for that destination DL-address, associating the Port
on which the DLPDU was received as one of the subscriber ports of that
DL-address.

“The Learning Process may also query other DLEs on the local link by sending DL-address list
guery SPDUs [FB/Annex B] to the DL-support functions of those DLEs and using the resultant
DL-address list reply SPDUs [FB/annex B] as a basis for adding or removing entries from the

Filtering Database.”

Replace the second to last paragraph of [IL/3.8] with “If the Filtering Databage\ filled
up to|its capacity, but a new entry would otherwise be made, the Agen \shall be
informed of the Filtering Database overflow, and the new entry shall

Replace the last sentence of the first paragraph of [IL/3.9 by the
Forwdrding Process as to whether DLPDUs with given val inati Sss, or
of the| source DL-address in DLPDUs specifying only an iCi ) Lld be
forwafded to a given Port.”

Replace the second paragraph of [IL/3: ] iftef] tbase shall be capable of
contalning both static entries [IL/ [ n full

DL-addresses and DL-address link-designatokco

“Stati

and c
same

“Stati
comp
partia
correg

“Each

and dynamic entries shall not b
shall not be created if a corfesponding $

EXist S entry
i iry foxthé same full DL-address already exists;
e remowa)of a corresponding dynamic entry flor the

h exist for the same DL-address link-designator
created if a corresponding static entry for the|same
eation of a static entry shall cause the removal of a
e partial DL-address if one exists.

ddress lipk-designator component entry, which specifies the default |single

h a’DLPDU with a destination DL-address containing this link-designator

q hould be forwarded when the Filtering Database does not contain a
specific entry for the destination DL-address specified in the DLPDU.

“(b)

“(c)

“(d)

“(e)

A group DL-address entry, which Specifies, separately 1or each receiving port, the
set of ports to which a DLPDU whose destination DL-address equals the specified
DL-address should be forwarded.

A DLSAP-address entry, which specifies the single port to which a DLPDU whose
destination DL-address equals the specified DL-address should be forwarded.

A peer DLCEP-address entry, which specifies the single port to which a DLPDU

whose destination DL-address equals the specified DL-address should be for-
warded.

A publisher DLCEP-address entry, which specifies
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the single port to which a CA, CD, DT, EC or ED DLPDU whose destination
DL-address equals the specified DL-address should be forwarded; and

the set of ports, all different from (i), to which a DC, DT, EC or RC DLPDU
which contains no destination DL-address, and which specifies this
DL-address as an explicit source DL-address, should be forwarded.”

Replace the second and following paragraphs of [IL/3.9.1] with “A static entry may specify
either a full DL-address or a link-designator component of a DL-address.”

yith “A

Replace all of [IL/3.12] with “3.12 Addressing .” That is, delete all te up to
but nqt including [IL/3.12.1].

In thé second paragraph of [IL/3.12.3], replace “LLC Entitie FH ; bplace
“Stanglard LSAP ... users of LLC” with “DL-bridge functions

Repl&ce the third paragraph of [IL/3.12.3] with “Each es the
transmission of a DLPDU which conveys the BPD nplete

DLSDU.”

Delet¢ the fourth paragraph of [IL/3.12. 3.

In thelfifth paragraph of [IL/3.12.3], delete * ~withi

Deletq
addre

Deletq

Repla
for the

Deleté

Deletq

C.5 CGhanges to [ILMM]: The spanning tree algorithm and protocol

In thelsecond paragraph of [IL/4.3.4], change “must” to “should”.

e of the LSAP Assignment”.

aragraply/’of [IL/3.12.3], which states “This |group

4] with “[FB/Annex A] specifies standard DL-addresses
Es.”

In tables 4-2 and 4-3, replace the first line after each table with “All times are in seconds when
the local link data rate is 1 Mbit/s or greater; otherwise all times are in minutes.”

In table 4-3, replace the line

with

| Bridge Forward Delay | 15,0 | — | 4,0 — 30,0 |

| Bridge Forward Delay | 0,0 | — | 0,0 — 30,0 |



https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

61158-4 © IEC:1999 — 369 -

Insert before [IL/4.6.11] “4.6.10.3.5 The port’'s DLE shall attempt to become the LAS for the
local link to which it is attached.”

C.6 Changes to [IL/5]: Encoding of bridge protocol data units

Replace the third paragraph of [IL/5.2.5] with “The third most significant octet is assigned the
value of the initial octet of the 48-bit Bridge Address. The fourth to eighth octets are similarly
assigned the values of the second to the sixth octets of the 48-bit Bridge Address, respec-
tively.”

Delete the fourth paragraph of [IL/5.2.5].

C.7 Ghanges to clause 6: Bridge management

Replace [IL/6.35)] with “(5) |A5 String, for all text strings.”

Replace [IL/6.7.5.1.2 (2)] with “(2) Address — full DL-address§
component of the entry.”

ignator

Replace [IL/6.7.5.1.2 (3)] with “(3)

“(9) ' ¢ ingle port to which a DLPDU
8 A is i i uld be
b des-

“(b) port,
the set of portg” t i ihation
“(¢) DLSAP'l dd 5 as a

e single port to which a DLPDU specifying this
DL-address should be forwarded.

single”port to which a DLPDU specifying this DL-address as a destipation
DL-address should be forwarded; and

“(ii) the set of ports, all different from (i), to which a source-only DC, DT, EC [or RC

DLPDU cr\nr‘if\]/ing this Dl -address as an nvlnlir'if source DL -address should be

forwarded.”

Replace [IL/6.7.5.2.2 (2)] with “(2) Address — full DL-address or DL-address link-designator
component of the desired entry.”

Replace [/IL/6.7.5.3.2 (2)] with “(2) Address — full DL-address or DL-address link-designator
component of the desired entry.”

Replace [/IL/6.7.5.3.3 (1)] with “(1) Address — full DL-address or DL-address link-designator
component of the desired entry.”


https://iecnorm.com/api/?name=3209a2f1b89cc138a28754764fdbfba3

- 370 - 61158-4 © IEC:1999

Replace [IL/6.7.5.3.3 (3)] with “(3) Entry class; associated port or port maps; as specified in
6.7.5.1.2 (3).”

Replace [IL/6.7.5.4.3 (3) (a)] with “(a) Address — full DL-address or DL-address link-designator
component of the desired entry.”

Replace [IL/6.7.5.4.3 (3) (c)] with “(c) Entry class; associated port or port maps; as specified in
[IL/6.7.5.1.2 (3)]."

C.8 Changes to[IL/7]: Management protocol

Repla

“The

DL-Management capabilities are specified in annexes B and D of this§

C9o ¢

Deleté

Rewo
DLPD

Deletq

Rewo
the lin

Rewo
DL-ad

Renu

Add n
of por|

Add n

Add 1
numb

Add it

ce the entire clause after the title with:

Fieldbus management protocol is specified in the future

hanges to [IL/annex A]: PICS proforma

b jtems la, 1b and 2a.

rd item 2c to read “Are CA, CD, DC, DT, EC,
U relayed, possibly after transformation as g

tic or. dyns
ddr%g

b jtems 2d, 2f, 2g, 2n, 20, 2q, 2r,

rd item 5g to read “Does each st
k-designator component of a DL-

dress specify a p

mber old it@

ew item 5§
(s, with ore

ey ften h ehtry which specifies a DLSAP-address specify a port numb
ew ite Does each entry which specifies a peer DLCEP-address specify
Jre

emv6n “Does each entry which specifies a publisher-DLCEP-address specify

itional

bes of

PSS Ofr

t of a

f sets

br?”

h port

“a)

“b)

a port number; and

separately, a set of ports?”

Reword item 7d to read “Can static entries be made for link-designators in the range 10004 ¢ to
FEFF16?"

Repla

ce item 7f with “Can static entries be made for DLSAP- addresses?”

Renumber old item 7g to 7j.
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