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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-11: Data-link layer protocol specification —
Type 11 elements

FOREWORD

nical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides

The| formal decisions or agreements of IEC on technical matiers & v @S possible, an inter
congensus of opinion on the relevant subjects since e i vttee has representation f

essment ser
ices carried®

mermbers of its teshnical and’|EC National Committees for any personal injury, property darn

othg¢r damage © \ ature tsoever, whether direct or indirect, or for costs (including legal fed
expgnses axising © aubligation, use of, or reliance upon, this IEC Publication or any oth
Pulblicat

8) Attgntion_is draw ative references cited in this publication. Use of the referenced publical
indippensab orrect application of this publication.

Internptional. Standard IEC 61158-4-11 has been prepared by subcommittee 65C: Ind
networks, “of |IEC technical committee 65: Industrial-process measurement, contrg
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ustrial
| and

This second edition cancels and replaces the first edition published in 2007. This edition

constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

e Introduction has been modified to add the patents related to the loop-architecture
e Addition of loop (ring) -architecture
e More detailes:

— Subclause 4.4 is extended to cover the loop-architecture as 4.4.3.

— Subclause 4.6; structure has changed in order to include the loop-architecture, and the

data types of variables have been added:
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4.6.1 Overview;
4.6.1.2 Summary of variables of existing star-architecture;
4.6.1.3 Summary of variables of additional loop-architecture;

4.6.2 Type 11 common variables, parameters, counters, timers and queues;

4.6.3 Star-architecture specific variables, parameters, counters, timers and queues;

4.6.4 Loop-architecture specific variables, parameters, counters, timers and queu

es.

All variables, parameters, counters, timers and queues are rearranged in alphabetical

order.

The tg

Full in

voting|i

This p

A list
comm)

The ¢

Ol al |, alafio ol L +lo l ot 4
LUULIAUOT U. 5 To TIHTUUITITU TU CUVTT T TUOUP=Aaruiimcuiulr .

Clause 6 is modified to cover the loop-architecture.

of Key out of each figure object.

Clause 7 is changed in the structure for inclusion
architecture as follows:

DLL management protocol is i

DLL management protocol for st

_— Report on voting

Q @é@{)s/ﬁks ) 65C/619/RVD

formation om\the ing\for Moval of this standard can be found in the rep

unicatiorcnetworks™= Fieldbus specifications, can be found on the IEC web site.

bmmittee has decided that the contents of this publication will remain unchange

loop-

after

hge,

ort on

Lstrial

H until

the stability date indicated on the |IEC web site under "http://webstore.iec.ch" in the

data

related to the specific publication. At this date, the publication will be

e reconfirmed;

e withdrawn;

e replaced by a revised edition, or

e amended.

NOTE

The revision of this standard will be synchronized with the other parts of the IEC 61158 series.
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INTRODUCTION

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

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

a) as|a guide for implementors and designers;

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

c) as|part of an agreement for the admittance of systems into the open\sy nment;
d) as|a refinement to the understanding of time-critical commu

This standard is concerned, in particular, with the communj
effectprs and other automation devices. By using this s
positigned within the OSI or fieldbus reference mod
work fogether in any combination.

nsors,
dards
S may

NOTE tual-property-right holderg. In all
cases, | e holders of those rights jpermits
a parti ith physicah Jayer and/application layer protocols in Type

combin protocol types in other combinations
may re 3

The | < i i draws attention to the fact thalt it is
claimg ‘ 3 e involve the use of patents concgrning
Type 6.2 to
6.10,

Us 4, Is

UsS 5, y type
netwo

UsS 6, data

transmitt

PCT/J [TO] Double ring network system, communication control method
thereqf, Aransmission station, and communication control program of double ring network
system T

JP 3,461,954 [TO] Data transmission system
IEC takes no position concerning the evidence, validity and scope of these patent rights.

The holder of these patent rights has assured the IEC that he/she is willing to negotiate
licences either free of charge or under reasonable and non-discriminatory terms and
conditions with applicants throughout the world. In this respect, the statement of the holder of
thess patent rights is registered with IEC. Information may be obtained from:

[TO]Toshiba Corporation

1-1, Shibaura 1-Chome

Minato-ku Tokyo 105-8001, Japan

Attention: Intellectual Property Rights Section.
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Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for
identifying any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://www.iec.ch/tctools/patent_decl.htm) maintain on-
line data bases of patents relevant to their standards. Users are encouraged to consult the
data bases for the most up to date information concerning patents.

@%
¥
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-11: Data-link layer protocol specification —
Type 11 elements

1 Scope

1.1 |[General

The dpta-link layer provides basic time-critical messaging communicat ces in

an aufomation environment.

This grotocol provides communication opportunities to all pagticipating

a) infa synchronously-starting cyclic manner, according o] ; , and

b) in|a cyclic or acyclic asynchronous manner, as/request® those
dgta-link entities.

Thus [this protocol can be characteriZzed _as One whi i ic gccess

asynchronously but with a synchronous

1.2 |Specifications

This sftandard specifies

a) prpcedures for the -link user
entity to a peer usge ti data-link entities forming the distributed data-
link service pfowde

b) prpcedures for diving nmunicatipns opportunities to all participating DL-entities,
seiquentially and for deterministic and synchronized transfer at|cyclic
infervals up tQ oheq

c) prpcedures [\ munication opportunities available for time-critical| data
tr nsmls i non-time-critical data transmission without prejudice fo the
ti ;

d) prpceduxes yclic and acyclic communication opportunities for time-criticgl data
trgnsmission _with prioritized access;

e) prpcedures for giving communication opportunities based on standard ISO/IEC §802-3
medium access control, with provisions for nodes to be added or removed during normal
operatior;

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

1.3 Procedures

The procedures are defined in terms of

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

DLPDUs;

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

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

ystem

ystem
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1.4  Applicability

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

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

1.5 Conformance

This $tandard also specifies conformance requirements for systems j ementing,|these

proceflures. This standard does not contain tests to demonstrate ge such
requirements.

2 Nprmative references

The following referenced documents are indispensable f6 ARpIE i ment.
For dated references, only the edition cited applies. Fo » S edition
of the|referenced document (including any amendm

IEC 611158-3-11:2007, [Industrial conmqunicatiqQn iqns  —

Part 3+-11: Data-link layer service defifjti

IEC 611158-5-11:2007,
Part 5-11: Application layer service defniti

Fieldbus specificatigns -
IEC 611158-6-11:2007, 9 — Fieldbus specificatigns -
Part 6-11: Application [ayer protocql™s [cati Type 11 elements

ISO/IEC 7498-1@r { . —\Qpen Systems Interconnection — Basic Refgrence
Model: The Basic'Wlode

ISO/IE
Model:

dgy — Open Systems Interconnection — Basic Reférence

ISO/IE Information technology — Telecommunications and information
exchange ¢ tems — Local and metropolitan area networks — Specific requiremgents —
Part 3: i ense multiple access with collision detection (CSMA/CD) access methqd and
Physi¢al Layer spegifications

ISO/IRC\10731, Information technology — Open Systems Interconnection — Basic Reférence
Model — Conventions for the definition of OSI services

3 Terms, definitions, symbols and abbreviations

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

3.1 Reference model terms and definitions

This standard is based in part on the concepts developed in ISO/IEC 7498-1 and
ISO/IEC 7498-3, and makes use of the following terms defined therein.
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3.1.1 called-DL-address [ISO/IEC 7498-3]
3.1.2 calling-DL-address [ISO/IEC 7498-3]
313 centralized multi-end-point-connection [ISO/IEC 7498-1]
314 correspondent (N)-entities [ISO/IEC 7498-1]

correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)

3.1.5 demultiplexing [ISO/IEC 7498-1]
3.1.6 DLC-address 98-3]
3.1.7 DL-address-mapping D8-1]
3.1.8 DL-connection 498-1]
3.1.9 DL-connection-end-point [1S 98-1]
3.1.10 DL-connection-end-point-identifier O/IEC 7498-1]

3.1.14 DL-data-source [ISO/IEC 7498-1]

3.11 DL-duplex-transmission [ISO/IEC 7498-1]

3.1.1 DL-facility [ISO/IEC 7498-1]

3.1.11 DL-connection-mode transmission [ISO/IEC 7498-1]
3.1.13 DL-connectionless-mode transmissi [ISO/IEC 7498-1]
3.1.13 DL-data-sink < : [ISO/IEC 7498-1]
3.1.1 DL-local-vie [ISO/IEC 7498-3]
3.1.1 DL-nar@ [ISO/IEC 7498-3]
3.1.1 [ISO/IEC 7498-1]

3.1.2 [ISO/IEC 7498-1]
3.1.2 [ISO/IEC 7498-1]
3.1.2 [ISO/IEC 7498-1]
3.1.2 DL-protocokversion-identifier [ISO/IEC 7498-1]
3.1.24 " DL-relay [ISO/IEC 7498-1]
3.1.25 DL-service-connection-identifier [ISO/IEC 7498-1]
3.1.26 DL-service-data-unit [ISO/IEC 7498-1]
3.1.27 DL-simplex-transmission [ISO/IEC 7498-1]
3.1.28 DL-subsystem [ISO/IEC 7498-1]
3.1.29 DL-user-data [ISO/IEC 7498-1]
3.1.30 flow control [ISO/IEC 7498-1]
3.1.31 layer-management [ISO/IEC 7498-1]

3.1.32 multiplexing [ISO/IEC 7498-3]
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3.1.33 naming-(addressing)-authority [ISO/IEC 7498-3]
3.1.34 naming-(addressing)-domain [ISO/IEC 7498-3]
3.1.35 naming-(addressing)-subdomain [ISO/IEC 7498-3]
3.1.36 (N)-entity [ISO/IEC 7498-1]
DL-entity
Ph-entity
3.1.37 (N)-interface-data-unit [ISO/IEC 7498-1]

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

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

98-1]

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

98-1]

3.1.40 (N)-service-access-point [ISO/IEC 7498-1]
DL-service-access-point (N=2)

3.1.41 (N)-service access- point ad [ISO/IEC 7498-1]

3.1.42 peer-entities [ISO/IEC 7498-1]

3.1.43 Ph-interface{contig
3.1.44 Ph-inte{;e-
3.1.43 primitive'n

3.1.46

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

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

3.1.48 [ISO/IEC 7498-1]

3.1.49 DL-address [ISO/IEC 7498-3]
3.1.50 _routing [ISO/IEC 7498-1]
3.1.51segmenting [ISOMECT72498-1]
3.1.52 sequencing [ISO/IEC 7498-1]
3.1.53 splitting [ISO/IEC 7498-1]
3.1.54 synonymous name [ISO/IEC 7498-3]
3.1.55 systems-management [ISO/IEC 7498-1]

3.2 Service convention terms and definitions

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


https://iecnorm.com/api/?name=e993210845a7645dd01e92a805f24507

- 14 - 61158-4-11 © IEC:2010(E)

3.21 acceptor
3.2.2 asymmetrical service

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

3.24 deliver (primitive)
3.2.5 DL-confirmed-facility

3.2.6 DL-facility

3.2.7 DL-local-view

3.2.8 DL-mandatory-facility

3.2.9 DL-non-confirmed-facility
3.2.10 DL-provider-initiated-facility

3.2.11 DL-provider-optional-facility

3.2.12 DL-service-primitive;
primitive

3.2.13 DL-service-provider

3.2.14 DL-service-user

3.2.15 DL-user-optional-facility

3.2.16

3.2.17
3.2.18

3.2.19

3.2.20

3.2.21

3.2.22 _symmetrical service

3.3 it

3.3.1

common memory

virtual common memory over Type 11 fieldbus, which is shared by participating Type 11
fieldbus nodes and is primarily used for real-time communications by the time-critical cyclic
data service

3.3.2
data DLPDU
DLPDU that carries a DLSDU from a local DLS-user to a remote DLS-user

3.3.3
DLCEP-address
DL-address which designates either
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a) one peer DL-connection-end-point, or

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

3.34

DL-segment, link, local link

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

attempted communication
3.3.5
DLSAP
distingtive point at which DL-services are provided by a single D igher-
layer entity
NOTE | This definition, derived from ISO/IEC 7498-1, is repeated here critical
distinctjJon between DLSAPs and their DL-addresses. (See Figure 1)
DLS-user-entity DLS-user-entity
DLStusers
/ pd - \
‘s N e AN
DISAR- Ngroup DI~ DLSAP-
addresses address addregs
DL-layer DL-entity j
PhSAP
= —
\—/ v
Ph-layer
NOTE DLSAPs and PhSAPS are depicted as ovals spanning the boundary between two adjacent layers.

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

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

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

3.3.6

DLSAP

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

NOTE This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of the critical
distinction between DLSAPs and their DL-addresses. (See Figure 1)
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3.3.7

DL(SAP)-address

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

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

3.3.8
(individual) DLSAP-address
DL-address that designates only one DLSAP within the extended link

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

3.3.9
extended link

DL-supnetwork, consisting of the maximal set of links interconnect
single| DL-name (DL-address) space, in which any of the cox
commjunicate, one with another, either directly or with the assi 3
intervéning DL-relay entities

may
those

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

3.3.10
FCS drror

error that occurs when the computed frame ché
octets|in a DLPDU does not match the

bll the

3.3.11
fram
denigrated synonym for D

3.3.1
group DL-address
DL-address tha@e i e Si es Wore than one DLSAP within the extended ljnk. A

single| DL-entity -addresses associated with a single DLSIAP. A
single| DL-entity als group DL-address associated with more than one
DLSA

highest priority of time-critical cyclic data service

3.3.15
implicit token
mechanism that governs the right to transmit

NOTE No actual token message is transmitted on the medium. Each node keeps track of the node that it believes
currently holds the right to transmit. The right to transmit is passed from node to node by keeping the node that last
transmitted. A slot time is used to allow a missing node to be skipped in the rotation.

3.3.16
low-speed cyclic data
data conveyed by means of low-speed cyclic data transmission

3.3.17
low-speed cyclic data transmission
lowest priority of time-critical cyclic data service
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3.3.18
medium-speed cyclic data
data conveyed by means of medium-speed cyclic data transmission

3.3.19
medium-speed cyclic data transmission
second-highest priority of time-critical cyclic data service

3.3.20

multi-peer DLC

centrallzed muItl end pomt DL-connection offermg DL- duplex transm|SS|on between a single
dlstm

The
indivi
each

3.3.2
multiy
conn

oint connection
ction from one node to many nodes

eived by many subscriber

y associated with a single node|on a

7 A value 0 is specifically used for SYN node, which emits SYN frame.

DL-service user that acts as a source of DL-user-data

3.3.27
slot-time
512-bit time of the physical signaling symbol specified in the ISO/IEC 8802-3, Clause 29

3.3.28

sporadic message data service

aperiodic message transfer which sporadically occurs upon DLS-user requesting one or more
message to transfer, and regular ISO/IEC 8802-3 Ethernet message frame is transferred by
means of this message transfer
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3.3.29
SYN node
node transmitting SYN frame

3.3.30

time-critical cyclic data service

cyclic data transfer with three levels of data transmission at the same time, of which each
data transmission level is according to the data priority and the data transmission period for
real-time delivery, and of which data transmission period and total data volume for each level
can be specified in designing phase and on application needs

3.3.3
token
right tp transmit on the local link

3.4 |Symbols and abbreviations

ACM Access control machine

CLM Claim frame

CMP
CTRC
COM
DT
cw
DT-CMP
FC

LL
PhiDU

PM Pepiodic mode (as parameter of SYN DLPDU)

PN Transmission permits node number (as parameter of SYN DLPDU)

Pri Priority field

RAS RAS frame

REC In-ring request frame

RMC Redundancy medium control
RMSEL Redundant medium selection

RN Recipient node number
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SN Source node number field

ST Slot time (as parameter of SYN DLPDU)

SYN Synchronization frame

Th High-speed transmission period (as transmission period)
Tm Medium-speed transmission period (as transmission period)
Ts Sporadic-speed transmission period (as transmission period
TI Low-speed transmission period (as transmission pg

4 Overview of the DL-protocol

4.1 General

This qtandard meets the industrial automation markgt objective idi i b time
deterministic and reliable time-critical data transfer a iCH -exi e with
non-tine-critical data transfer over the ISO/IEQ 880¢ 9 icati ium, for
suppdrt of cooperation and synchroniza z i ices in
a realttime application system. The ten e of a

time-window, within which one or more’s ifies i d with
some [defined level of certainty.

411 Field of applica

In industrial control sy S S , s and
Actuators, Progrimm s Distriputed Control Systems and Human Machine

Interface device ontrol
data and the sta d the

commjunications be d devices requires simplicity in application programming
and tq be executgd equa ponse time. In most industrial automation systems such
as fopd, wate 3 and steel, including a rolling mill, the control netwprk is
required to (provide  tipe- | response capability for their application, as required in

ISO/TR 1 3 ine - CKiti gommunications architectures.

Plant produstion compromised due to errors, which could be introduced to the gontrol
system if the does not provide a time-critical response. Therefore the following
charagteristics are required for a time-critical control network:

o de

e ability to share process data seamlessly across the control system.

This protocol is applicable to such an industrial automation environment, in which time-critical
communications is primarily required. The term “time-critical” is used to represent the
presence of a time window, within which one or more specified actions are required to be
completed with some defined level of certainty. Failure to complete specified actions within
the time-window risks failure of the applications requesting the actions, with attendant risk to
equipment, plant and possibly human life.

4.2 Overview of the medium access control

The Type 11 fieldbus has a deterministic medium access control in order to avoid collisions
that occur when a number of the nodes send data frames simultaneously, and to provide the
opportunity of sending data to each node in a sequential order and within a predetermined
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time period. Figure 2 shows the basic principle of medium access control of the Type 11
fieldbus.

€ High-speed transmission-period (Tsyn) >
SYN CMP1 CMP2 CMPn | |REQ SN
High-speed DT DT DT
cyclic data 1" 2 n1
Medium-speed ?21— DT DT
cyclic data 2 n2
_ — . L]
Spotjadic 13
mespage data
DT
Lowspeed 14
cycllc data

€ Ts1 >|€ Ts2 > Tpfac —>
Figure 2 — Basic principle of m contxol
At thg start time of every high-spged- 3 issic syn), the SYN frame is

ith/sequential number 1|starts
me in order to indicate the

broadfasted to all nodes. Receiving tje
sending its data frames, and after tha

completion of its data frames transmission. Tk send out its data frames after
receivi s, the
time period to solicit new nodes beg| . & i esting
inclusjon to the Type 11 " node
at the|time approval to joi

Each hode can me to
transfer the tran%ﬁs' nt and
the dgta to be heltgx

Trans ) ssion.
Cyclic ided into High-, Medium- and Low-speed data transniission
(see | . ; e High-speed cyclic data frames on each occasion when it
obtain Qi ight. The data of lower priorities, that is the Medium-speed |cyclic
data, adi hernet message data and the Low-speed cyclic data (see [Note)
respecti i ot sent depending on the circumstances. The holding time pf the

transmissi ight.of 2ach node is determined by the settings of the High-speed cyclic, the
ium-speed cyclic, the sporadic Ethernet message and the Low-speed cyclid data
ission perlods and by the volume of transm|SS|on data for each node. After send ng all

of the transmission right ends durlng sendlng the Medium-speed cyclic data the transmission
of the Medium-speed cyclic data is interrupted, and the CMP frame is sent. The nth node
obtains the transmission right again during the next High-speed data transmission period,
during which time all the High-speed cyclic data and the remainder of the previous Medium-
speed cyclic data is sent. Tmac is the period for a new node sending out REQ frame to enter
the network.

NOTE Low-speed data transmission and Low-speed cyclic data are available for star-architecture.
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4.3 Service assumed from the PhL
4.3.1 General

This subclause describes the assumed Physical Service (PhS) and the constraints on use by
the Type 11 DLE. The Physical Service is assumed to provide the following service primitives
specified by ISO/IEC 8802-3, Clause 6.

4.3.2 Assumed primitives of PhS

The PhS is assumed to provide the following two categories of primitives to the Type 11
DL-protocol.

b) Sqrvice primitives that provide information needed by the local D/ media
acgess functions.

The agsumed primitives of PhS are grouped into these two cat

c) Transfer of Data to all other peer DLE
)|PLS_DATA request

2)|PLS_DATA indication

d) Media access management by local DLE
)|[PLS_CARRIER indication

2)|PLS_SIGNAL indication
)|[PLS_DATA_VALID indication

The interaction of the Ph& priiti I awn in Figure 3.

DL

PL@N uest

v

\\7> _________ PLS_DATA indication

PLS_CARRIER indication

<&

PLS_SIGNAL indication

PLS_DATA_VALID indication

<

Ei

4.4 DLL architecture
4.4.1 Overview

The Type 11 fieldbus DLL is modeled as a combination of control components of Access
Control Machine (ACM), Cyclic transmission TX/RX Control (CTRC), Sporadic TX/RX Control
(STRC), Redundancy Medium Control (RMC), Serializer, Deserializer and DLL management
interface.

The Access Control Machine as the primary control component provides the function for
deterministic medium access control cooperating with the Cyclic-transmission TX/RX Control,
the Sporadic TX/RX Control and the Redundancy Medium Control for reliable and efficient
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support of higher-level connection-mode and connectionless data transfer services.
Specifically the Access Control Machine has the primary responsibility for
a) assuring that the local node detects and fully utilizes its assigned access time period;

b) assuring that the local node does not interfere with the transmissions of other nodes,
especially of the node transmitting the SYN frame;

c) detecting network disruption, and initiating the SYN frame transmission for restoration of

the network disruption from after prescribed time duration in which the SYN frame is not
heard;

d) assuring a new node adding to and removing from the network.

The DLL management interface provides DLL management functions
delimiters are managed by DLL functions for serializing and deserializi
and indications.

framing and
bol\requests

4.4.2 Star-architecture

The Data-link layer is comprised of the components
arrangement of these components, and their interfac
arrowheads illustrate the primary direction of flow of d

irfternal
The

AN
Components < < N\ 6 KDegc_r}pﬁim(

Access|control machine (ACM) Determini | and scheduling the opportunitief to
sending s control for adding and removing nodes,
i i i mbles and transmits the DLPDUs to [the

s. Signals the RMC to sending out the DUYPDUs
nikdiagnos|s of the Type 11 fieldbus. Buffers and dispatghes

r control

[\ 'ée\th D eived between the DLS-user and the RMC
Cyclic fransmission X eqntrol ffer an\d\di:?(ches in time DLSDU received for the time-critical clclic
(CTRC data transfer ween the DLS-user and the ACM

Sporad|c TX/RX control (ST ff] Wdispatches in time DLSDU received for the Sporadic megsage
/\ data between DLS-user and the ACM

hﬁ)\
Redundancy medjum gontkol (RMC Ms the DLPDUs from the ACM and breaks them down into octqt
symbol requests to the Octet serializer, assembles received octets frpm
>ne Octet deserializer into DLPDUs and submits them to the ACM. Sglects

A one of two outputs of the Octet deserializers through the RX framers [for

medium redundancy
TX/RX framer RN Receives the octet symbols from the RMC, detects and indicates the[start
timing of a DLPDU to the Octet serializer, passes received octets from the
Octet deserializer and indicates the start timing of a DLPDU to the RMC

Octet skrializer Receives octet symbols, encodes and serializes them, and sends thejm as
M _symbols to the Phl |t is alsa res,p_gnsjh_Le_f_Q_r_g,ma_t_i_n_g_t_h_e_ECS_
Octet deserializer Receives M_symbols from the PhL, converts M_symbols into octets and

sends them to the RX framer. It is also responsible for checking the FCS

DLL management interface Holds the station management variables that belong to the DLL, and manages
synchronized changes of the link parameters
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DLS-user
DL-layer
Sporadic Cyclic transmission
TXIRX RX
control control
ACM_|SEND_DATA.reqg/conf
ACM_|RECV_DATA.ind
SEND| ENABLE.ind 7 )
— ) .............................................. )
v v
Access control machine s E
RMC_[SEND_DATA.reg/conf in IS
RMC_RECV_DATA.ind fgj;
,, S mAS B
TX_DATA.reg/conf _ “<The =
RX_DATA_A.ind Redundancy medium contr?( ~
RX_DATA_B.ind I T | \f)/
i v v 4
N
Serializer X R \)
| Deserializer framer l frage frame
Enable Enable Q
—y
ctet \L)ctet ctet )\/Octet
seridizer serial@ ettalizer { deserializer
Ch-B
Ph-lhver o PLS_CARRIER indication
v PLS_DATA.indication PLS_SIGNAL.indication
PLS_DATA_VALID.indication
ata-link layer internal architecture of star-architecture
4.4.3
The Data-link layer is comprised of the components listed in Table 2. The in
arrangemeént of these components, and their interfaces, are shown in Figure 5|

DL-SPDATA request
DL-SPDATA confirm

DL-SPDATA.indication

23 -

DL-Data-req.indication

DL-Buffer-received.indication

DL-Put.request
DL-Put.confirm
DL-Get.request
DL-Get.confirm

arrowheads illustrate the primary direction of flow of data and control.

ternal
The
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Table 2 — Data-link layer components of loop-architecture

Components

Description

Access control machine (ACM)

Deterministic medium access control and scheduling the opportunities to
sending out the DLPDUs, control for adding and removing nodes,
restoration from disruption. Assembles and transmits the DLPDUs to the
TX framer through the RMC, receives and disassembles the DLPDUs with
the control information from the RMC, and determines the timing and
duration of the transmissions. Signals the RMC to sending out the DLPDUs
for control and diagnosis of the Type 11 fieldbus. Buffers and dispatches
in time the DLPDUs received between the DLS-user and the RMC

Cyclic transmission TX/RX control
(CTRC

Buffers and dispatches in time DLSDU received for the time-critical cyclic
data transfer between the DIL.S_user and the ACM

Sporad|c TX/RX control (STRC)

Buffers and dispatches in time DLSDU received for the Spotadicymegsage
data between DLS-user and the ACM

Redundancy medium control (RMC)

Receives the DLPDUs from the ACM and br bctet-

symbol requests to the TX-framer, assembl e RX-
framers into the DLPDUs, selects one o mers
and submits them to the ACM. Receivés the

activates the transmission of the DL.LPD osis

of the Type 11 fieldbus

TX/RX framer

detects and ind|cates
, forwards received-

TX framer receives the octe

octets from the Octet-degeriali ing-port to other Qctet-
serializer connected o other Ri : r passes received-octets
from the Qctet-desefialize i start-delimiter of a DLPPDU to
the RM

Octet sprializer

Receives\octef symbols, ncodwrializes them, and sends them as
M_symbolsMo the\Phh_ It is\also r hsible for generating the FCS

Octet deserializer

N\

=}

Receives M_ bolsxrorm_the RhL, converts M_symbols into octets gnd
sends them to thexBX fram d the TX framer. It is also responsiblé for
cm e F&S

DLL mgnagement interface[\

\kholds the\sﬁiq management variables that belong to the DLL, and managgs
a

sync@h}c{zed s of/the link parameters

il
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4.5

The

DLS-user

DL-layer

DL-SPDATAreq
DL-SPDATA conf
DL-SPDATA.ind

— 25—

DL-Data_Req.ind

DL-Buffer_received.ind

DL-Put.req
DL-Put.conf
DL-Get.req
DL-Get.conf

ACM_SEND_DATA.reqg/conf
ACM_RECV_DATA.ind

Sporadic-
TX/RX-control
(STRC)

SEND_ENABLE.ind

transmission-
TX/RX-control

(

Cyclic-

CTRC)

h

A 4

>
4

RM{_SEND_DATA.req/conf
RM{_RECV_DATA.ind
RM{_SEND_CF.req/conf
RM{J_SEND_CF.ind

Access-control-machine (ACM )

<

RM{_SEND_CF_ALL.reqg/conf

TX_DATA.reg/conf

/1

Station-
management

ATA_A.ind
RX_IPATA B.ind

' )]
Redundawdiumw?{ ( AN

Serializer

/ Deseriali

¢

RX-
framer-A

ff@

\k{n _-B

3

Vi

N

4

PLS |DATA A/ Bureq

Octet- ﬁ\
’\de\ riglizer-
vy

1

Octet:
sexjalizer-)
AUAN

Octet-
serializer-B

Octet-
deserializer-B

PLS |DATA A/ B.ind g/\\

Ring-port-B

PLS_CARIER A/ B.ind
PLS_SIGNAL_A/ B.ind

PLS_DATA VALID_A/ B.
1<

Ring-port-A / -B

Access control machine and schedule support functions

CM Tunctions schedule all communications between the DLES participating

Type 11 fieldbus, and the timing of this communications is controlled as to

nd

n the

a) fulfill the specific medium access control to give all the DLEs the opportunities to send out
two kinds of class of Time-critical cyclic data and Sporadic message data in timely,
prioritized and deterministic fashion, and to detect network disruption and to initiate the
restoration in appropriate time, further to add and remove nodes on line;

provide multiple levels of Time-critical data transfer opportunities of sending data to node
in sequential order and within each pre-specified time period, and that the data transfer of

each level is performed within the pre-specified time duration (token holding time)

and

whether the data transfer of lower levels to be carried out or to be held over to later cyclic
time period depends on the level and the occasion though the top level of the data transfer
is always carried out at every occasion; on the other hand the whole volume of the data
transfer of lower levels is transferred within each pre-specified time period;
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c) provide sporadic message data transfer opportunities of sending out to node that the
request to transfer is happened sporadically by the DLS-user, and the data transfer is
performed in pre-specified time period of the corresponding level of priority and is based
on regular ISO/IEC 8802-3 applications.

Accurate scheduling timing is very important to support many control and data collection tasks
in the applications domain of this protocol.

4.6 Local parameters, variables, counters, timers and queues

4.6.1 Overview

4.6.1. General

This gpecification uses DLS-user request parameters P(...) and loca as a

mean$ of clarifying the effect of certain actions and the conditions ufider whichz\those_ dctions

are vglid, local timers T(...) as a means of monitoring actions of the distn d Dt pvider

and of ensuring a local DLE response to the absence of thogsé™ac 'n Linters

C(...) [for performing rate measurement functions. It also uses caI qUAUES Qi) 2 eans

of ordering certain act|V|t|es of clarlfymg the effects of ceftain s ifying the

condiffi

Unless

a) all value
if

b) all

c) allfti

d) all

DL-management may ¢hange

4.6.1. 3 3 efs, counters, timers for star-architecture

Table

NOTE b8-5-11,

Clause if of the

binary t. Each

octet ig tra endian

format)
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Table 3 — DLE-variables and permissible values of star-architecture

Variable Description Permissible values Data type
-name
BW Length of TCC data word in a DLPDU The default value is 128 (octets). UINT
See 4.6.2.7
DR Data-rate The default value is 100 (Mbps). UINT
See 4.6.2.11
HTh Maximum observational time period for 210 2161 (in unit of 1 ms). UDINT
detectipg _the continu_ous high-speed The default value is 3 x V(Th).
transmission cycle disrupted See 4.6.2.12
HTI Maximum observational time period for 9 ta 216_1 (in unit af 1 ms) UDINT
detecting the continuous low-speed The default value is 3 x V(Th).
transmission cycle disrupted See 4635
HTm Maximum observational time period for 210 216_1 (in unit of 1 ms) INT
detectipg _the continu_ous medium-speed The default value is 3 x V h
transmission cycle disrupted See 4.6.2.14
IA Individual address of this node Individual 48-bit addﬁé\% >ST1(IT[5]
ISO/IEC 8802-3.
See 4.6.2.16
IGP Time interval from the end of a previous The default va?he\ w UDINT
frame to the start of the consecutive of 0, 04:;?/\
frame sent by a node See 4.6/2.17
P IP address of this node 32 b|t gc\it;ijldent\xtow USINTIK]
MD Maximum distance on the connecti ath 1 rrc\ )\) UINT
between any 2 nodes e default\¥alues 8
e 4.6¢2.21
MDD Maximum difference of the dlstance o) toN\000N(i UINT
redundant physical mediums on th \%Iue is 500.
connection path between any 2 no \,see 6.3.7
MGA Multicast group addres Itica 48-bit address identical to USINTIB]
8802-3, for logically associated
Type 11 fieldbus nodes.
default value is
0x01-0x00-0x5e-0x50-0x00-0x01.
See 4.6.2.22
MN MammuW W\/\ 254 (default value). USINT
/\K See 4.6.2.23
MPD Maximunydiffecencenof the signal Tay 1 to 0x7c (in units of 0,04 ps). UDINT
t|me pro gatingnover\iwo redundant The default value is 0x7c (=5 ps).
d| thexconnection path See 4.6.3.8
be een de
MRT /@(&Jm nu thé\r,épeater units on | 0 to 7. The default value is 3. UINT
th ne ion pa between any 2 nodes | See 4.6.2.24
MTHT on olg’time for high-speed | 1 {5 216_1 (octet times). UDINT
cycligdata trapsmission The default value is 0x30B4 (=900 us).
See 4.6.2.25
PBh List of up to 2 048 data buffers using for 1 to 2048. UINT
sending out high-speed TCC data See 4.6.2.28
PBI tistofupto 2048 data buffersusimg for to2048: OHNT
sending out low-speed TCC data See 4.6.3.10
PBm List of up to 2 048 data buffers using for 1 to 2048. UINT
sending out medium-speed time-critical See 4.6.2.29
cycle data
RCS Receive-channel switching control for “Automatic”, “Force A”, “Force B” BOOL
receiving frames. Designates the “Automatic”: Automatically switch to the
switching control for receiving frames out proper receive-channel.
of one of two receive-channel A and B “Force A”, “Force B”: Force to switch
corresponding to each of the redundant Receive-channel A or B respectively.
media A and B The default is “Automatic”.
See Table 10, Table 12, 4.6.3.12,
4.6.3.12



https://iecnorm.com/api/?name=e993210845a7645dd01e92a805f24507

- 28 - 61158-4-11 © IEC:2010(E)

Variable Description Permissible values Data type
-name
RMGP Maximum time-interval for one receive- 250 (in units of 0,04 ps). UDINT
channel, which has already completed The value 250 represents 10 ps.
one frame received and has waited for See 4.6.3.14

IGP time, to wait for the completion of a
frame to be received on the other receive-
channel in order to detect the other
receive-channel disrupted

ST The slot-time is the fundamentally 1 to 255 (in units of physical symbol USINT
observational time unit, used in the DLME | times for 512 bits, identical to
for observing to initiate action such as re- | ISO/IEC 8802-3).
initialization in sending out the CLM
frame, and also used in the DLME for The default value is 20 (=100 us).
observing the CMP frame sent by the See Table 14, 4.6.2.38
corresponding node, and in case that the
node failed to send out, used in the DLME
for initiating action just as the CMP frame

is received
SCMP Medium-access-control-time for substitute | 1 to 255 (in unit of physic W
CMP times for 512 bits, i
ISO/IEC 8802-3).
The default val
See 4.6.2.31
SCMPL Permissible repetitive count within which 1to 16. USINT
the node can behave like that the node The default valueNs

received the CMP frame even though the See 4.6.2.
corresponding node had failed to send out

the CMP frame. The node determines the
corresponding node is out of servige ifthe
count is over

SENp Send enable control for sending fram ue” IREnable’_or “False” / "Disable” BOOL
SENg out of the transmitter-A or -B \XQ; efaul value is “True” / “Enable”.
Se 3.1

Th High-speed transmisgjon period T\& nits of 0,1 ms) USINTIB]
/7 N\ e Table 15, 4.6.2.39
Tl Low-speed transmls jon Nlod 7’60})/0 000 (in unit of 1 ms). UINT
See fable 18, 4.6.3.17

TISPD Time- mterval c cI| cess d f 1 to 1000 (in unit of 1 ms). UINT
Sporad| e data service The default value is 100.
See Table 17, 4.6.2.40, 4.6.2.41

Tm Medium- sb/ issio perl 10 to 1 000 (in unit of 1 ms). UINT
The default value is 100.
See Table 16, 4.6.2.42

TMAC aX| um bs rvation thme peried for the | 1to 100 (in units of 0.1 ms). USINT
no soleit.hew nodes into the The default value is 100.
Typ 11 fle us. See 4.6.2.43, 4.6.2.44

Tsl < r able t send out next slot 1 to 255. USINT
See 4.6.2.46

TSYN t-period t‘hv/ from SYN frame 1 to 160 (in units of 0,1 ms). UDINT
arriva SYN Yrame arrival See 4.6.2.47
TTRTO Target-tokWotation-time for access 110 2161 (octet time). UDINT
class 0 The default value is P(TSYN).
See 46318
TTRT1 Target-token-rotation-time for access 110 2161 (octet time). UDINT
class 1 The default value is P(TSYN).
See 4.6.2.48
TTRT2 Target-token-rotation-time for access 110 2161 (octet time). UDINT
class 2 The default value is P(TSYN).
See 4.6.2.49
TN Node identifier number of the node. The 1 to 255. USINT

initial value is 0 on power-up or reset See 4.6.2.45
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Table 4 — Observable variables and their value ranges of star-architecture

Variable Description Range of value Data type
-name
AIGPp IGP monitor over the receive-channel A 0 to 24, UDINT
AIGPg and B continuously decrementing.
The value 24 represents 0.96 pus.
See 4.6.3.1
ARMGP The observed time period for one receive- | 0 to 250, UDINT
channel, which has already completed continuously decrementing.
one frame received and has waited for The value 250 represents 10 ps.
IGP time (0,96 us), to wait the completion See 4.6.3.2
of a frame received on the other receive-
channel in order to detect the other
receive-channel disrupted /\
ASCMH Collection of counters of total number of 1to 16. SINT
nodes. Each counter corresponding to a The default value is equal t e valle
node indicates observed repetitive count of SCMPL, which is 3.
that the corresponding node failed to send | See 4.6.2.1
out the CMP frame and the other node
can behave like that the CMP frame
received without error. The node
determines the corresponding node is out
of service when the count reaches the
pre-specified number. The number
counted is indicated and is incremented
coincidentally at each DLME
ATHT The observed time period of the MTHT T UDINT
tin usI dere enting.
\§ee 46
ATSYN| | The observed time period from SY \’\%\‘“M UDINT
arrival to SYN frame arrival &
ATTRTD The observed time perlod of the T to UDINT
éntmu us decrementing.
e ¢.648.3
ATTRT The observed tjme pexod at\th TTR \1;:‘)16_1‘ UDINT
continuously decrementing.
See 4.6.2.4
ATTRTR | The obW tinde peri TT T2 1t0 2161, UDINT
continuously decrementing.
See 4.6.2.5
CDh Cumula ve nSWh- 0 to 232-1. UDINT
spee Ria¥iems See 4.6.2.8
CDHp K Inf rmatio ta tat ft e data buffer True: active. BOOL
ent er bIk indicating False: inactive.
espording TCC data being active See 4.6.2.9
attive/(unhealthy)
CDI Cum tlve count of transmitted low- 0 to 232_1. UDINT
speed-cyslic data frames See 4.6.3.4
CDm Cumulative count of transmitted medium- 0 to 2321, UDINT
Speed-cyclic data frames See 462 10
LL Live list indicating whether the 256-bit set of Booleans USINT[16]
corresponding node, at this moment, is True: node is connected and working.
connected to and running in the Type 11 False: node is not connected or not
fieldbus domain in the received SYN working.
frame. The Live list is a set of 256 See 4.6.2.19
Booleans, represented in 32 octets, in
which each bit corresponds to a node in
the Type 11 fieldbus domain and indicates
the current status of that node
LN Extracted number from LL at each node 1 to 255. USINT
and used by each node to decide whether | See 4.6.2.20
the node is able to send the data frame
out over the medium
NCDA, Cumulative count of No-Carrier detected 0 to 232_1. UDINT
NCDg on the receive-channel A or B See 4.6.3.9
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Variable Description Range of value Data type
-name

NONC Permissible repetitive count of no CMP 1to 16. USINT

frame received by the SYN node within The default value is 3.

the corresponding consecutive Tsyn See 4.6.2.26, 4.6.2.27

cycles, that is 256 times by SCMPL, in

order to detect no other node except the

SYN node in the Type 11 fieldbus domain
REA, Cumulative count of DLPDUs received in 0 to 2324 UDINT
RE error on the receive-channel A or B. See 4.6.3.13

B REp is incremented when an error is T

detected on receive-channel A while

receive-channel B is error-free. REg

corresponds, but with interchanged

channel roles. /\
ROKAp, Cumulative count of DLPDU-received 0to 2321, DINT
ROK without error on the receive-channel A or

B B See 4.6.3.15 /\
SL The observed time period of the SL 0 to V(SL). W
See 4.6.2.35, 4.6.2.36 \_

SD Cumulative count of transmitted sporadic | ¢ o 232_1. \ ))DINT

data frames See 4.6.2.34 &
4.6.1.3 Summary of variables, parameters, count ers for loop-architecture
Table|5 and Table 6 summarise the variables.and he data types used [in the
data link variables, parameters, state¢ gs are(specified.ir Z 61158-5-11, Clause|5.
NOTE | The data types used in the data link variables, pa ines are specified in IEC 61158-5-11,
Clause|5. The most significant bit of the most/significan a|lways used as the most significant bif of the
binary pumber. The bits of each octet are numhered e bit O is the least significant bit of the octdt. Each

octet ig transferred to the Ph la

s a

ts\ig"transferred low-order octet fi

rst (little| endian

format)
Table 5 - varjable missjble values of loop-architecture
Variabje <> %cript% Permissible values Data|type
-nam¢
BW Length of TW in By 16 to 128. UINT
The default value is 64.
<\ See 4.6.2.7
DR Data-r: The default value is 100 (Mbps). UINT
See 4.6.2.11
FWEAR ing codtroNfor re€eiving frame “Enable” or “Disable”. BOOL
FWEgA direction to/from Ring- “Enable”: permit forwarding frames
g controls forwarding | receiving from one Ring-port to other
eceiving from Ring-port-A to Ring-port.
. the other hand, FWEg “Disable”: prohibit forwarding frames
eontrols forwarding frames receiving from between Rlng-port.s.“ ) R
Ring-port-B to Ring-port-A The default value is “Disable”.
See 593 4643
HTh Maximum observational time period for 2 to 216_1 (in unit of 1 ms). UDINT
detecting _the continu_ous high-speed The default value is 3 x V(Th).
transmission cycle disrupted See 4.6.2.12
HTI Maxim‘um observa‘tional time period for 2 to 216_1 (in unit of 1 ms). UDINT
dotecting the contimuous low:speed | The efaut value s 3x V(T
See 4.6.3.5
HTm Maxim‘um observa‘tional time period for 2 to 216_1 (in unit of 1 ms). UDINT
frztfscg?sgsfg: g;cnlgn d‘jg:‘usptrgzd'“m*peed The default value is 3 x V(Th).
See 4.6.2.14
1A Individual address of this node Individual 48-bit address identical to SWORDI6]
ISO/IEC 8802-3.
See 4.6.2.16
IGP Time interval from the end of a previous The default value is 24 (0.96 ps in unit UDINT
frame to the start of the consecutive of 0,04ps).
frame sent by a node See 4.6.2.17
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Variable Description Permissible values Data type
-name
IP IP address of this node 32-bit address identical to IPv4. USINTI[4]
See 4.6.2.18
MD Maximum distance on the connection path | 1 to 20 (km). The default value is 4. UINT
between any 2 nodes See 4.6.2.21
MDAD Maximum distance between adjacent 1 to 2 (km). The default value is 1. UINT
node See 4.6.4.6
MGA Multicast group address Multicast 48-bit address identical to USINTI6]
ISO/IEC 8802-3, for logically associated
Type 11 fieldbus nodes.
The default value is
0x01-0x00-0x5e-0x50-0x00-0x01.
See 4.0.2.22
MN Maximum node number 254 (default value). USINT
See 4.6.2.23
MRT Maximum number of the repeater units on | 0 to 252. The default value i 30. UW
the connection path between any 2 nodes | See 4.6.2.24
MTHT Maximum-token-hold-time for high-speed | 1 15 216.1 (octet tim UBiwr
cyclic data transmission The default value is{0x30 90841 )
See 4.6.2.25
PBh List of up to 2 048 data buffers using for 1 to 2048. &\\ > UINT
sending out high-speed TCC data See 4.6.2.28—_
PBm List of up to 2 048 data buffers using for 1 to 20 \> UINT
sending out medium-speed time-critical See 4. 2
cycle data
PSa Port state control for blocking or Iock BOOL
PSg blocking frame receiving from the{}\ ault alu © ed“
port-A or -B \see T bl 2 4 6. 4 1
RENp Receive enable control for receiving abléor “Disahle”, BOOL
RENg frames from the Ring-port-A or —-B. e defaulkvalue is “Enable”.
(\ Sea\Jakle 27/, 4.6.4.14
ST damentally Mmts of physical symbol USINT
i es fon512 bits, identical to
8802-3)
default value is 20 (=100 ps).
See Table 14, 4.6.2.38
for initiating Acti
is received’\
SCMP Mediumsacce stsmute 1 to 255 (in unit of physical symbol USINT
CMP, times for 512 bits, identical to
ISO/IEC 8802-3).
The default value is 20 (=100 ps).
See 4.6.2.31
SCMPL 1to 16. USINT
The default value is 3.
See 4.6.2.33
the CMP frame. The node determines the
corresponding node is out of service if the
SENp Send enable control for sending frames “True” / "Enable” or “False” / "Disable”. BOOL
SENg out of the Ring-port-A or —B The default value is “True” / “Enable”.
See Table 24, 4.6.4.16
Th High-speed transmission period 1 to 160 (in units of 0,1 ms). USINTI3]
See Table 15, 4.6.2.39
TISPD Time-interval cyclically processed for 1 to 1000 (in unit of 1 ms). UINT
Sporadic message data service The default value is 100.
See Table 17, 4.6.2.40, 4.6.2.41
Tm Medium-speed transmission period 10 to 1 000 (in unit of 1 ms). UINT
The default value is 100.
See Table 16, 4.6.2.42
TMAC Maximum observation time period for the 1 to 100 (in units of 0.1 ms). USINT
SYN node to solicit new nodes into the The default value is 100.
Type 11 fieldbus See 4.6.2.43, 4.6.2.44
Tsl DLE number able to send out next slot 1 to 255. USINT

See 4.6.2.46
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Variable Description Permissible values Data type
-name
TSYN Target-periodic-time from SYN frame 1 to 160 (in units of 0,1 ms). UDINT
arrival to SYN frame arrival See 4.6.2.47
TTRT1 Target-token-rotation-time for access 1to 216_1 (octet time). UDINT
class 1 The default value is P(TSYN).
See 4.6.2.48.
TTRT2 Target-token-rotation-time for access 1to 216_1 (octet time) UDINT
class 2 The default value is P(TSYN).
See 4.6.2.49
TN Node identifier number of the node. The 1 to 255. USINT
initial value is 0 on power-up or reset See 4.6.2.45
Table 6 — Observable variables and their value ranges of lo rchitecfure

NEEGN

Variabje Description Range of value Data|type
-nam¢

ANp Node number of adjacent node 1 to 254. ))SINT
ANg neighboring Ring-port-A or -B See 4.6.4.1 /\

ASCMH Collection of counters of total number of 1to 16. USINT
nodes. Each counter corresponding to a The defau e
node indicates observed repetitive count of SC

that the corresponding node failed to send | See 4.6
out the CMP frame and the other node
can behave like that the CMP fram
received without error. The node
determines the corresponding node\
of service when the count reaches the
pre-specified number. The number
counted is indicated and is incremented
coincidentally at each\DLME

ATHT The observed time¢eriod of/the \O)o MTHT, UDINT
conti usly decrementing.
See A4.6.2.2

ATSYN The observed t me rom ramé\ 110216 (octet times). UDINT
arrival W\l me arri See 4.6.2.3

ATTRT The obs v period\ofthex TR 1to0 2161 UDINT
continuously decrementing.
See 4.6.2.4

TS

ATTRT The obse ved\time pertad ofthe TTRT2 1t 216.1 UDINT
continuously decrementing.
See 4.6.2.5

CDh < count transmltted high- 0 to 232_1. UDINT
speed: cI ta fr es See 4.6.2.8

CDHp K Inforsyation data status of the data buffer True: active. BOOL
withntheNgentifler number “y) ", indicating False: inactive.
the ‘corresporiding TCC data being active See 4.6.2.9
(healthy) or inactive (unhealthy)

CDm PIImII'QH\ID. countof transmitted medium- 5 ‘Q')_ + LUDINT
speed-cyclic data frames See 4.6.2.10

CREp Observed repetitive count for the 0 to 15. USINT

CRE abnormal reception error detected during The default value is 2.

B receiving incoming frame from the Ring- See 4.6.4.2

port-A or —B respectively. The count is
decreased by each abnormal reception
detection repetitively but reset to the
initial value when the abnormal reception
is cleared. When reached to 0, abnormal
reception error is detected

LINK Link state indicating the condition of “Abnormal” or “Normal”. BOOL
LINKg physical link connection at Ring-port-A or See 4.6.4.4
LSYN Node number of the node in current 1 to 254. USINT

master state See 4.6.4.5
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Variable Description Range of value Data type
-name
LL Live list indicating whether the 256-bit set of Booleans. USINTI[16]
corresponding node, at this moment, is True: node is connected and working.
connected to and running in the Type 11 False: node is not connected or not
fieldbus domain in the received SYN working.
frame. The Live list is a set of 256 See 4.6.2.19

Booleans, represented in 32 octets, in
which each bit corresponds to a node in
the Type 11 fieldbus domain and indicates
the current status of that node

LN Extracted number from LL at each node 1 to 255. USINT
and used by each node to decide whether | See 4.6.2.20
the node is able to send the data frame
out over the medium

NCDp, Cumulative count of No-Carrier detected 0to 2321, UDINF
NCDg on the Ring-port-A or B See 4.6.3.9
NONC Permissible repetitive count of no CMP 1to 16. USINT
frame received by the SYN node within The default value is 3.
the corresponding consecutive Tsyn See 4.6.2.26, 4.6.2.
cycles, that is 256 times by SCMPL, in
order to detect no other node except the
SYN node in the Type 11 fieldbus domain (\
e BOOL
alueNs

NOS Node operation state indicating the “Normal” op= & \
operation condition of a node in normal or | The defa(lt v
open state See 4.6.4.87

NRF o Observed time period in which no frame 0t 5&3/%' of, Th time). USINT
NRE received from Ring-port-A or —B aftex from e defadlt vald 2.
B other Ring-port-B or —A respectiv@\ Seb 4(6.4.9

frame has been received

NS Node state indicating the node conditign “Masteor“Shave”, BOOL
operating as master or slave e defaultvalue is “Slave”.
N Seend.64.10

PP Primary port indicating the Ring-port-A o\ ing-port&” or “Ring-port-B”. BOOL
—B through which CLM received The default value is “Ring-port-A”.
first since this nodeY\ See le 25, 4.6.4.11

system start-up|qr in
initialization

0to 2321, UDINT
See 4.6.4.13

RE, Cumulatj¥e.coungt of DL
REg error o in Zport-A
d

incremente

ROKA}, Cu ulative>\s§11n of DbRDUY-received 0 to 232-1. UDINT
ROKp W t ew thé Ring“port-A or -B See 4.6.4.15

VAN

SL e obsRrV mng/périod of the SL 0 to V(SL). USINT
See 4.6.2.35, 4.6.2.36

SD Cumulame\cyf?nt of transmitted sporadic | gt 232.1. UDINT
data frames See 4.6.2.34

4.6.2 Type 11 common variables, parameters, counters, timers and queues
4.6.2.1 C(ASCMP) : ASCMP count

A collection of counters, each of which indicates the number of observed repetitive count that
the corresponding node failed to send out the CMP frame and the other node can behave like
that the CMP frame received without error. The number of C(ASCMP) is incremented
coincidentally at each node in Type 11 fieldbus. The value is in the range of 1 to V(SCMPL)
and the default value is 3.

4.6.2.2 T(ATHT) : MTHT monitor

T(ATHT) is used by the DLE to measure the time elapsed of MTHT. The value is decremented
in the range of P(MTHT) to 0.
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4.6.2.3 T(ATSYN) : TSYN monitor

T(ATSYN) is used by the DLE to monitor the time period from SYN frame arrival to SYN frame
arrival. The value is indicated in octet time by the data signaling rate.

4.6.2.4 T(ATTRT1) : TTRT1 monitor

T(ATTRT1) is used by the DLE to monitor the time period of TTRT1. The value is
decremented in the range of 216-1 to 1, of which unit is in octet time by the data-signaling rate.

4.6.2.5 T(ATTRT2) : TTRT2 monitor

T(ATTRT2) is used by the DLE to monitor the time period of TTRTZ2X\The value is

decremented in the range of 216-1 to 1, of which unit is in octet time by the ignaling rate.
4.6.2.
The tq th the

4.6.2.

This v LPDU.

The p

a) star-architecture: The default value\is 1

b) log

4.6.2.

C(CDlp) indicat S ati bn the
medi 2 i

4.6.2. er
This active
(healt False”

indicafes inactive.

4.6.2.10/,~C(CDm) : Cumulative count of medium-speed-cyclic data frame sent

C(CDm) indicates the number of cumulative count of medium-speed-cyclic data frame sent on
the medium. C(CDm) is a roll-over binary counter of 32 bits length.

4.6.2.11 V(DR) : Data-rate

The value of this variable indicates the data signaling rate in Mbps. The value is 100.

4.6.2.12 V(HTh), P(HTh) : Maximum observational time period for detecting the
continuous high-speed transmission cycle disrupted

This variable holds and designates the value of maximum observational time period for
detecting the continuous High-speed transmission cycle disrupted. The value of this variable

is in the range of 2 to 216-1, of which the unit is 1 ms. The default value is 3 x V(Th).
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4.6.2.13 T(HTh) : HTh monitor

T(HTh) is used by the DLE to measure the HTh time elapsed to detect the continuous High-
speed transmission cycle failed. The value is decremented in the range of V(HTh) to 1.

4.6.2.14 V(HTm), P(HTm) : Maximum observational time period for detecting the
continuous medium-speed transmission cycle disrupted

This variable holds and designates the value of maximum observational time period for
detecting the continuous Medium-speed transmission cycle disrupted. The value of this

variable is in the range of 2 to 216-1, of which the unit is 1ms. The default value is 3 x V(Th).

4.6.2.15 T(HTm) : HTm monitor

T(HTm) is used by the DLE to measure the HTm time elapsed tQ inuous
Medium-speed transmission cycle disrupted. The value is decremerted\ in ¢ (HTm)
to 1.

4.6.2.16 V(IA) : Individual-address-of-this-node

This yariable holds the individual address of this
ISO/IEC 8802-3. The value is set by DLMS.

ified by

4.6.2.17 V(IGP) : Inter-frame-time-ga

This Mariable indicates the value of thextime\i i to the
start of the consecutive frame sent by—=a . valueis equivalent to 0,96 pus and is
identi¢al to that specified by ISO/IEC §

4.6.2.18 V(IP), P(IP) :

This yariable holds a pradic

message data sev\w/’ce.

4.6.2.19 V(LL):

This Yariable indjcat i i de is
connelcting to’and i ue” or
“Falsq”, “True g t L V(LL)
is used is\generated from the information conveyed by SYN frame. L|ve-I|st is
a collecti p 32-bit length, each bit of which corresponds to the node |in the

Type {1 fieldthus. any indicates the current operational status. Each bit corresponds fo the
node humberV (1 inpa sequential order from 0 to 255 in little endian format.

4.6.2.20. V(LN) : Live-node-number

This variable indicates the TN number of node, extracted from V(LL), which connects to and is
running normally in the Type 11 fieldbus at this point. V(LN) is used by the DLE to decide
whether the node is able to send the data frame out over the medium. The range of this value
is 1 to 255.

4.6.2.21 V(MD), P(MD) : Maximum-distance

The value of this variable holds, and is set by DLMS, the maximum distance in kilometer on
the connection path between any 2 nodes.

The range of this value is as follows:

a) star-architecture: 1 to 100, and the default value is 8.
b) loop-architecture: 1 to 20, and the default value is 4.
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4.6.2.22 V(MGA), P(MGA) : Multicast group address

This variable holds and designates the multicast group address, used by the DLE to build
logically associated group of the Type 11 fieldbus nodes, in 48-bit length specified by and
identical to ISO/IEC 8802-3. The default value is 0x01-0x00-0x5e-0x50-0x00-0x01.

4.6.2.23 V(MN), P(MN) : Maximum-node-number

This variable holds the maximum node number, and is set by DLMS. The default value of this
variable is 254.

4.6.2.24  V(MRT), P(MRT) - Maximum-number-of-the-repeater-unit

This Variable holds, and is set by the DLMS, maximum number of the
connection path between any 2 nodes.

bn the

The ppssible value is as follows:

a) star-architecture: 0 to 7, and the default vale is 3.
b) lopp-architecture: 0 to 252, and the default value is 30.

4.6.2.5 V(MTHT), P(MTHT) : Maximum-token-h

This yariable holds and designates the value [ okenshold-time for high-speed
cyclic|data transmission. The range of this i vhich unit is in octet time by
the dgta signaling rate. The default value is

4.6.2.6 V(NONC), P(NONC) : Permi '%a etitive sount of no CMP

This Variable holds and desi s value sible repetitive count of no CMP [frame
receivied by the SYN npde Wj ing consecutive Tsyn cycles, that is 256 times
by V($CMPL), in ordef to dete de-except the SYN node in the Type 11 fiejdbus.

The range of thiz}l

4.6.2.7 C(NONC)

C(NO node
within ber of
V(NO pe 11
fieldblis

4.6.2. high-

This Variable holds and designates the maximum number of the data buffers used for s¢nding
high-speed time-critical cyclic data. The value i1s U to Z 048.

4.6.2.29 V(PBm), P(PBm) Maximum number of the data buffers used for sending
medium-speed time-critical cyclic data

This variable holds and designates the maximum number of the data buffers used for sending
medium-speed time-critical cyclic data. The value is 0 to 2 048.

4.6.2.30 Q(QBFgpp) : Queue buffer for sporadic data

The queue buffer for the Sporadic message data service holds the DLPDU by DL-user to be
sent. The queue buffer size to transfer as well as to receive the Sporadic message data is
implementation matter.
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4.6.2.31 V(SCMP), P(SCMP) : Medium-access-control-time for substitute CMP

This variable holds and designates the value of maximum observational time period for the
node to initiate the action like that the node received the CPM frame even though the
corresponding node failed to send out the CMP frame.

4.6.2.32 T(SCMP) : SCMP monitor

T(SCMP) is used by the DLE of the node to measure the SCMP time elapsed to initiate the
action like that the node received the CMP frame even though the corresponding node failed
to send out the CMP frame. The value is decremented in the range of V(SCMP) to 0.

4.6.2.833 V(SCMPL), P(SCMPL) : Permissible repetitive count of sub

This ariable holds and designates the value of permissible repetitiv withi ich the
node fan behave like that the node received the CMP frame withd c yh the
corredponding node failed to send out the CMP frame. The range x Va i 6 and
the ddfault value is 3.

4.6.2.34 C(SD): Cumulative count of sporadic data

C(SD) indicates the number of cumulative count of s\sent on the mgdium.

C(S0O) is a roll-over binary counter of 32-bit length.

4.6.2.35 V(SL), P(SL) : Silence tin

This Variable holds and designates the value qf ilencetime or inactivity time period for

deteciing the current SYN node out of order, foliQ Q_initiate sending the CLM frame out
from this node in order to i nodesif thisode is designated and permitted to be
a SYN node. The value i K to the T (SL)timer as follows:

T(SL)EV(TSYN) + V(S

4.6.2.6 T(SL@

T(SL)|is used by fHe ¥ he time elapsed of SL. The value is decremented|in the
range|of V(SL) to\0.

4.6.2.87

This Vari P g signates the value of subnet address mask for V(IP) for Type 11
fieldblis Sporadic message data service.

4.6.2.88/,"V(ST), P(ST), T(ST) : Type 11 fieldbus slot-time

Slot-time is the fundamentally observational time unit, used in the DLME for observation of
initiation of the action such as re-initialization in sending out the CLM frame, for observation
of initiation of the action that the node behaves like the CMP frame received even though the
corresponding node failed to send out the CMP frame.

This variable holds and designates the fundamentally observational time value of slot time.
The rage of the value is 1 to 255, of which time is in 512-bit physical symbol time specified by
and identical to ISO/IEC 8802-3. The default value is 20, which is equivalent to Approx.100 us,
i.e. 20 x 512 x 1/100 us.

Note The slot time value is calculated from the following mathematics.
V(ST)=round up [ 2 x V(MD) + V(MRT)/2 + 2]
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4.6.2.39 V(Th), P(Th) : High-speed transmission period

This variable holds and designates the cyclic time period of High-speed time-critical data
transmission. P(Th) is used by the DLE and the value is set to V(SYN). The range of this
value is 1 to 160, of which the unit is 0,1ms. The default value is 100.

4.6.2.40 V(TISPD), P(TISPD) : Time-interval for sporadic-message-data-service

This variable holds and designates the value of time interval cyclically processed for
Sporadic-message-data service. The range of this value is 1 to 1 000, of which unit is in 1 ms.
The default value is 100.

4.6.2.81 T(TISPD) : TISPD monitor

T(TISPD) is used by the DLE to measure the time interval of TISPD.

4.6.2.42 V(Tm), P(Tm) : Medium-speed transmission period

This Jariable holds and designates the cyclic time period ¢ | data
transmission. P(Tm) is used by the DLE. The range of thi ch the
unit is| 1ms. The default value is 100.

4.6.2.43 V(TMAC), P(TMAC) : Medium-acces

This Variable holds and designates or the
SYN node to solicit new nodes into ths nodes

attempt to send out the REQ frame to 5. Tl default value is 100, the (nit of
whichlis in 0,1 ms.

T(TMAC) is used by the\DL 6 o-measure the time elapsed of TMAC in| order
to walt for REQ frame G h attempts to enter the Type 11 fieldbug. The
value fis decrem i ; AC) to 0.

4.6.2.45 V(TN), AT

This variable d de ates the node identifier number of this node. The initial value is
0 on gower-up or e ode. The range of this value is 1 to 255.

4.6.2.46

This Variablexis used by the DLE to hold and indicate the node identifier number of V(TN) of
which|the(node can”send out its data next in the sequential order in succession to a node
currently{having completed sending out all its data and CMP or DT-CMP DLPDU. The v3alue of
this vartabte s updatedand setto the vatue of V(T N of the node nextto send out; every time
on the reception of CMP or DT-CMP DLPDU. The range of this variable is 1 to 255.

4.6.2.47 V(TSYN) : Target-periodic-time of synchronization

This variable indicates the target time period from SYN frame arrival to SYN frame arrival.
The value is equal to V(Th), and the value of P(Th) is used by the DLMS and is set to V(Th).
The possible range of this time period is 0,1 to 160 ms. V(SYN) and V(Th) indicate the cyclic
time period in which all the node with high-speed cyclic data can obtain the transmission right
to send out all of the high-speed cyclic data.

4.6.2.48 V(TTRT1), P(TTRT1) : Target-token-rotation-time for access class 1

This variable holds and designates the value of target-token-rotation-time for access class 1,
especially for sporadic message data transmission. The range of this value is 1 to 2"%1 of
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which unit is in octet time by the data signaling rate. The default value is equal to P(TSYN).
This value is used by the DLE and should be equal and common to all DLEs of the Type 11
fieldbus.

P(TTR1) is used by the DLME and the value is the time period in which a node with sporadic
message data can expect to obtain the transmission right to send out.

4.6.2.49 V(TTRT2), P(TTRT2) : Target-token-rotation-time for access class 2

This variable holds and designates the value of target-token-rotation-time for access class 2,
especially for medium-speed cyclic data transmission. The range of this value is 1 to 216-1 of
vattoP{HSYN).

H P : P 1 4l b : L 4 = 1) (' L 1 :
Wh|Ch Urirt 15 1 ULicu Uine Uy WIc Udla SIgridaiinty Tatc. TTIS UcTaull vdaliutT 1o

This Value is used by the DLE and should be equal and common to all D pe 11
fieldbus.

P(TTR2) is used by the DLME, and the value is the expected time ! Wi nodes
with medium-speed cyclic data can obtain the transmission ‘ of the
medium-speed cyclic data.

4.6.3 Star-architecture specific variables, paramete : i les
4.6.3.1 T(AIGP,), T(AIGPg) : IGP monitor over the

T(AIGP,) and T(AIGPg) are used by er the
receivie-channel A and B respectively: D, and
value [24 is equivalent to 0,96 ps.

4.6.3.2

T(ARMGP) is used by ! Qni ; ue is
decremnented in the range o 3

4.6.3.8 T(AT,

T(ATTRTO) i
decremented in tp

by the_DhEAIO pionitor the time period of TTRTO. The value is
ge of 2%6-1 to ¥, of which unit is in octet time by the data-signaling rate.

4.6.3.4 : ative>count of low-speed-cyclic data frame sent
C(CcDIy [ ve.number of cumulative count of low-speed-cyclic data frames sent pn the
medium. C{C i oXer binary counter of 32-bit length.

4.6.3.5 Tl) : Maximum observational time period for detecting the

continuous low-speed transmission cycle

This variable holds and designates the value of maximum observational time period for
detecting the continuous Low-speed transmission cycle disrupted. The value is in the range of
2 to 216-1, of which the unit is 1ms. The default value is 3 x V(Th).

4.6.3.6 T(HTI) : HTI monitor

T(HTI) is used by the DLE to measure the HTI time elapsed to detect the continuous Low-
speed transmission cycle disrupted. The value is decremented in the range of V(HTI) to 1.

4.6.3.7 V(MDD), P(MDD) : Maximum-difference-of-the-distance

This variable holds, and is set by DLMS, the maximum difference in meter of the distance of
two redundant physical mediums on the connection path between any 2 nodes. The range of
this value is 0 to 2 000, and the default value is 500.
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4.6.3.8 V(MPD), P(MPD) : Maximum-distance-of-the-signal-propagate-delay

This variable holds, and is set by DLMS, the maximum difference in microsecond of the signal
delay time propagating over two redundant physical mediums on the connection path between
any 2 nodes. The range of this value is 1 to 0x7c, and the default value is 0x7c which is
equivalent to approx. 5 us, i.e. 0x7c (=124) x 0,04 us.

4.6.3.9 C(NCD,), C(NCDg) : Cumulative count of non-carrier detected on the receive-
channel Aor B

C(NCDy) or C(NCDg) indicates the number of cumulative count of non-carrier detected on one
receivie= i i i i . ) and

4.6.3.110 o . W -

4.6.3.111 5

This bf two
recei

The possible value is “Automatic”, A ¢ . at the
switcHing control for receiving frames is ica switch to the proper receive-chpnnel.

Forcg¢ A” or PN rol is forced to switch to Refeive-

4.6.3.12 V(RCS,), :'Reeeiveschannel/ A or B selected for receiving frames

This yariable i tes ing reteive-channel is selected for receiving frames
from {he other . indicates that the corresponding receive-channel is
selected, and “False

4.6.3.

C(RE/ error
while e roll-
over Hi

4.6.3.14.” V(RMGP), P(RMGP) : IGP over other redundant media

This variable holds and designates the value of maximum time-interval for one receive-
channel, which has already completed one frame received and has waited for IGP time, to
wait the completion of a frame to be received on the other receive-channel in order to detect
the other receive-channel disrupted. The default value is 250, of which unit is in 0,04 us, and
is equivalent to 10 ps.

4.6.3.15 C(ROK,), C(ROKpg) : Cumulative count of DLPDU received without error on
the receive-channel A or B

C(ROK,) or C(ROKp) indicates the number of the cumulative count of DLPDU received
without error on the receive-channel A or B respectively. C(ROK,) and C(ROKg) are roll-over
binary counters of 32-bit length.
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4.6.3.16 V(SEN,) ’ P(SEN,); V(SENg), P(SENg) : Transmitter A or B enabled to send
out frames

This variable designates the transmitter A or B enable to send out frames from, and indicates
the state of the transmitter A or B being enabled or disabled. The value “True” is to be
enabled and “False” is not for the corresponding Transmitter A or B. The default value is
“True”.

4.6.3.17 V(TI), P(TI) : Low-speed transmission period

This variable holds and designates the cyclic time period of Low-speed time-critical data
transmission P(TI) is used hy the DILE_The range of this value is 100 to 1 000 _of which the

unit is| 1 ms, and the default value is 100.

4.6.3.18 V(TTRTO), P(TTRTO) : Target-token-rotation-time for acce

This Variable holds and designates the value of target-token-rotationxti ass 0,
especjally for low-speed cyclic data transmission. The rangelof thi 6.1 of
which|unit is in octet time by the data signaling rate. The de 2 IS & SYN).
This alue is used by the DLE and should be equal and S pe 11
fieldbdis.

P(TTRO) is used by the DLME, and the value is : o 1 iod i i nodes
with lgw-speed cyclic data can obtain fhe i speed

cyclic|data.

4.6.4 - i ifi ari \pa eters, counters, timers and queues
4.6.4.

This ode. The V(AN,) and V(ANg) indicgte the

node- ightourhood of the Ring-port-A and -B of this
node p or reset of this node is 0.

4.6.4. f GRE REy); V(CRER),P(CREg),C(CREg): Maximum

i petitive count for abnormal-reception error-A, -B

This Mari > i e DLE and indicates the number of observed repetitive|count
of the Qi detected during receiving the incoming frames from the|Ring-
port-A a i . The abnormal-reception is happened under the condition [of the
recepfi he long-silence of reception. The range of this variable is 1§ to 0.
The ¢ a 2. The count is decremented by each abnormal-reception detected
repetifively,<and is_set to the default value when the abnormal-reception is cleared. |When

reached to.0, the RMC recognizes the failure happened.

4.6.43  V(FWE,g), P(FWE,g), V(FWEg,), P(FWEg,) : Forwarding state-AB, -BA

This variable holds and designates the Ring-port-A or —B enable to forward frames received
from the Ring-port-A to —B or from the Ring-port-B to —A respectively.

The value “Enable” is to be enabled and “Disable” is not for corresponding Ring-port-A or —B.
the default value is “Disable”.

4.6.4.4  V(LINK,), V(LINKg) : Link state-A, -B

This variable indicates the link state of the Ring-port-A and -B of this node. The value of this
variable is “normal” or “abnormal” according to the physical link connection to the trunk
specified by the ISO/IEC 8802-3 standard.
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4.6.4.5 V(LSYN) : Node number in the master-state

This variable indicates the node number of the node in the current master-state.

4.6.4.6 V(MDAD), P(MDAD) : Maximum-distance between adjacent node

The value of this variable holds, and is set by DLE, the maximum-distance in kilometer
between the adjacent nodes. The range of this value is 1 to 2, and the default value is 1.

4.6.4.7 C(NCD,), C(NCDg) : Cumulative count of no-carrier detected -A, -B

the C(NCDg) are roll-over binary counters of 32-bit length.

4.6.4.8 V(NOS) : Node-operation state

This V ¢ or the
open-gtate. The value of this variable is either “Normal” o e -state
or the|open-state respectively. The initial value on powe S bn”.

4.6.4.9  V(NRF,), P(NRF,), T(NRF,); V(NRFg

This \ariable holds, is set, and is used ch no

frame|received from the Ring-port -A o t-B or
-A redpectively, a frame has been recei efault
value |is 2, of which the upit is equal clock
every [time when any fram 2 during
no frame received fro

4.6.4.10 V(NS@

This vijariable hold§ g value
of thig variable is /\a value
on po

4.6.4.11

This since
this n lue of

this v
4.6.4.12 V(PS,), P(PS,);V(PSg), P(PSg) : Ring-port state-A, -B

These variables hold and designate the port state of this node. The V(PS,), P(PS,) and the
V(PSg), P(PSg) holds, and is set by the DLE, the port state of the Ring-port-A and -B

respectively. The value is either “Blocked” or “Non-blocked”. Each initial value on power-up or
reset of this node is “Blocked”.

4.6.413 C(RE,), C(REg) : Cumulative count of frame received with error -A, -B

C(RE,) or C(REg) indicates the number of cumulative count of the frame received with error
from the Ring-port-A or —B respectively while no error occurs on the other port. The C(RE,)
and the C(REg) are roll-over binary counters of 32-bit length.
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4.6.4.14 V(REN,), P(REN,); V(RENg), P(RENR) : Receive enable -A, -B
These variables hold and designate the receive enable from the Ring-port-A or -B of this node.

The V(REN,), P(REN,) and the V(RENg), P(RENg) holds, and is set by the DLME, the state
of receive frame enable from the Ring-port-A and -B respectively.

The value of this variable is “Enable” or “Disable”. The default value is “Enable”.

4.6.4.15 C(ROK,), C(ROKg) : Cumulative count of frame received without error-A, -B

C(ROK,) or C(ROKR) indicates the number of the cumulative count of the frame received
withoyt error from the Ring-port-A or -B respectively. The C(ROK,) and t e roll-
over Hinary counters of 32-bit length.

4.6.4.16 V(SEN,), P(SEN,); V(SENg), P(SENg) : Send enable

Thesdq variables hold and designate the send enable out of the node.
The V(SEN,), P(SEN,) and the V(SENg), P(SENg) holds, ghaN ate of
send-frame-enable out of the Ring-port-A and -B respectin

The value of this variable is “Enable” or “Disable”. The ”

5 General structure and encoding o hts

of procedure

5.1 Overview

The OLL and its proc ¢ provide the services offered to the DLS
user 1y using the seryi . This clause describes the structune and

semaintics of PhIDU the procedure, commonly used ip this
specifjcation @ 2 identical to and fully compliant with the
ISO/IEC 8802-3 stahda

NOTEWithi

unsigng

e-octet

5.2
ed by

PUS(DATA request;

)

b) PLS_DATA indication;

c) PLS_CARRIER indication;
d) PLS_SIGNAL indication;

e) PLS_DATA_VALID indication.

NOTE In the case where a 100BASE-X specification is applied, the reconciliation sublayer maps the signals
provided at the MII to the PLS service primitives as specified by ISO/IEC 8802-3, Clause 22. The PLS service
primitives provided by the reconciliation sublayer behave in exactly same manner as defined in Clause 6.
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5.3 Common MAC frame structure, encoding and elements of procedure
5.3.1 MAC frame structure
5.3.1.1 Common MAC frame format for the Type 11 fieldbus DLPDU

The structure of the MAC frame for the Type 11 fieldbus DLPDU is encapsulated in the frame
format of Ethernet V2.0 specified by ISO/IEC 8802-3, Clause 3. The value of the Length/Type
field is designated to 0x888B, which is authorized and registered as the protocol identification
number by the IEEE Registration Authority, to be identified as the Type 11 fieldbus frame.
Figure 6 shows the MAC frame format used common to the Type 11 fieldbus DLPDU except
for sporadic data transmission of the Type 11 fieldbus.

5.3.1.

The M

5.4
5.4.1

The e
addreps, the. sour

right to left.

address, the length/type code, and the frame check sequence,

7 Octets Preamble |
Octets within 7 0
b
10ctet SFD DLPDU transmitted - A O\
— top to bottom i1 Octet <Fr>r\q\e%mr C)
6 Octets Destination i
address ;’: 1 Octét Sweurce\no
6 Octets Source address 1 nuipec(SN)
2 Octets Length/type = 0x888B d
a
46-134 Octets TCnet specific field
4 Octets Frame check
sequence
MSB [T T T T T 1
b/
Bits within
«4— frame transmitted

all be

hation
all as

specifiedy ISO/IEC 8802-3, Clause 3.

5.4.2 Preamble field

The preamble of the MAC frame is identical to ISO/IEC 8802-3, Clause 3. The preamble field
is a 7-octet field that is used to allow the physical signaling part circuitry to reach its steady-
state synchronization with the receiving frame timing.

The preamble pattern is:

“10101010 10101010 10101010 10101010 10101010 10101010 10101010”
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5.4.3 Start frame delimiter (SFD)
The Start Frame Delimiter (SFD) is identical to ISO/IEC 8802-3, Clause 3. The SFD field is

the sequence of bit pattern “10101011”. It immediately follows the preamble pattern and
indicates the start of a frame.

5.4.4 Address field
5.4.41 General

The address fields (both Destination Address and Source Address) are identical in structure
and semantics to the address field of the basic MAC frame, described in ISO/IEC 8802-3,
Clausg 3. Each address field shall be 48-bit in length.

5.4.4. Destination address field (DA)
The Destination Address (DA) field is identical to ISO/IEC 8802-3, € hation
Addreps field specifies the station(s) for which the frame is in Nt b ividual

excepf for the Type 11 fieldbus sporadic data transmissio

5.4.4.8 Source address field (SA)
The Source Address (SA) filed is identical to ISQ/I¥ dress

field gpecifies the station sending th STh 6 ed by
the DILE as well as the CSMA/CD MA QyE

5.4.5 Length/type field

The Length/type field is ident C@8802-3\Clause 3. In order to be identified as a
Type [ 1 fieldbus frame, the 2 efield is set to 0x888B, which is authprized
and rggistered as protptol identificatie Type 11 fieldbus by the IEEE Regisf{ration
Authority. Every frame S § t Ox888B is identical to the frame according to
ISO/IEC 8802-3@43 i a Type 11 fieldbus sporadic data frame.

5.4.6

5.4.6.1

The sfruc ne control field is shown in Figure 7.

The Frtype ™ ; ed\by the DLE to identify and designate the frame type of the Type 11

fieldblis for medium agcess control. The Pri field is used by the DLE to designate and identify
the sdrvice class oftime-critical cyclic data frame.

b’ b5 b° b0
1 Octet Pri F-type
Key
Pri = Priority

F-type = Frame type

Figure 7 — Structure of FC field

5.4.6.2 Frame type (F-type) field

Table 7 shows the list of F-types, the values and the corresponding Type 11 fieldbus frames.
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Table 7 — F-type: DLPDU type

5.4.6.

The pri ervice class of time-
cyclic vels of service class fo
architecture and 2 levels of service cl itecture are provided, and the
lowesft level is level 3 to 0. High-speed ‘ ta ttansmission is assigned to lev
the sg¢rvice class, Mediu i dat tsmlssmn to Ievel 2 and Low-
time-gritical data trans i »

assign

and DfT -

5.4.7

The v

which

5.4.8

The d
sense

maxinpum numbe

mimF
data f

throug

F-type value | Frame type Frame name
0x00 CLM Claim frame
0x01 SYN Synchronization frame
In-ring request frame
0x02, 0x22 REQ -Star-architecture: the value is 0x02
-Loop-architecture: the value is 0x22
0x04 COM Command frame
0x07 DT Cyclic data frame
0x08 CMP Transmission complete frame
OxO0F DT-CMP DT with transmission comple@ f%@\a\
0x23 LPD Loop diagnosis frame /\
0x26 LRR Loop repeat reque?\t@%? \\\ \
NOTE All but the above are reserved for future M \ \

B Priority field (Pri)

sequence of N octets which provides full data transparency
sequence of octet values may appear in the data field uf
Sps
ameSize by ISO/IEC 8802-3, and if a frame size is less than mimFrameSize, th

critical
r star-
top to
b| 3 of
speed
ission
or DT

node

in the
to a

cified by ISO/IEC 8802-3. A minimum frame size is required, that is

en the

eld.is extended by appending extra bits in units of octets. The frame, from the D

\ field

n the FULS Tield IncClusive, IS al least mimrFramesiZze DITS.

The structure of this field for the Type 11 fieldbus DLPDU is described in Clause 6.

5.4.9
5.4.9.

The frame check sequence (FCS) construction,

Frame check sequence (FCS)

1 General

identical to ISO/IEC 8802-3, Clause 3.

polynomial and expected residual are

Within this clause, any reference to bit K of an octet is a reference to the bit whose weight in

a one-

NOTE

octet unsigned integer is 2K.

This is sometimes referred to as “little endian” bit numbering.
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For most of the protocol Types in this standard, as in other International Standards (for
example, ISO/IEC 3309, ISO/IEC 8802 and ISO/IEC 9314-2), DLPDU-level error detection is
provided by calculating and appending a multi-bit frame check sequence (FCS) to the other
DLPDU fields during transmission to form a "systematic code word"") of length n consisting of
k DLPDU message bits followed by n - k (equal 32) redundant bits, and by calculating during
reception that the message and concatenated FCS form a legal (n,k) code word. The
mechanism for this checking is as follows:

The generic form of the generator polynomial for this FCS construction is specified in
equation (6) and the polynomial for the receiver’s expected residue is specified in Equation
(11). The specific polynomials for each DL-protocol type are specified in Table 8.

Table 8 — FCS length, polynomials and constants

Item Value /\\ K

n-k | |32 \ J
G(X) X32 + X26 + X23 + X22 + X16 + X12 4+ X 11 +X10+X8+X7+X5+X4+X2§1 Wéﬁ 1,\2\an>3)
R(X) X31+X30+X26+X25+X24+X18+X15+X14+X12+X11+X10+X8+X6%5>X4\+\)§3+N\ (}K{tes 3 and 4)

NOTE[I Code words D(X) constructed from this G(X) polynomial ffave™

octets,

distande 7 for lengths < 21 octets, and Hamming distance 8 for |engths < 11, stets

NOTE R This G(X) polynomial is relatively pri , i Y romisgd by any, of the polynor]
commgnly used in DCEs (modems): the differgntiakencgdiny pglyno and all primitive scrambling
polynomials of the form 1 + X+ + Xk,

NOTE B These are the same polynomials and ified in ISO/TEC 8802-3 (Ethernet).

NOTE ¢ The remainder R(x) should be 1100 Q111 ™01 1401 0111 1011 (X31 to X0, respective
the abgence of errors

ing\ist A lengths < 2

ths < octets, Hamming

Hamming distance 5 for lengths < 371 octets, Hamming distance 6 fople

P 901

hials

y) in

5.4.9.

p At the sendi

The driginal me q W without an FCS), the FCS, and the compposite
message code word AtF PDU and FCS) are regarded as vectors M(X)| F(X),
and D(X), of dimengio y'respectively, in an extension field over GF(2).|If the
message bits aré S bits are fhk-1 ... fg, where

m irst octet sent,

MgN-7 - m the Nth octet sent,

f7 .. fo form the last octet sent, and

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

last PhL symbol(s) of the message (not counting PhL framing

information),

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

then the message vector M(X) is

M(X) = mqXk-1+moXk-2 + ... + mg1X1 + mg

and the FCS vector F(X) is

(1)

1) W. W. Peterson and E. J. Weldon, Jr., Error Correcting Codes (2nd edition), MIT Press, Cambridge, 1972.
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fn-k-1Xn-k-1 + ... + fg (for the case of k = 32) (2)
= f3¢qX31 + ... +1p

The composite vector D(X), for the complete DLPDU, is constructed as the concatenation of
the message and FCS vectors

D(X)

The re¢dundant check bits fn_k-1
after division by G(X), of L(X) (Xk + 1) + M(X) Xn-k

wherg G(X) is the degree n-k generator polynomial for the code

M(X) Xn-k + F(X) (3)
m4Xn-1 + moXn-2 + ... + mgXn-k + fh.k-1Xn-k-1 + ... + fg
m4qXn-1 + moXn-2 + ... + mX32 + f31X31 + ... + fg (for the case of k = 32)

... fo of the FCS are the coefficients 6

G(X) = Xn-k + gn-k-1Xn-k-1 + ... + 1 (4)
and L{X) is the maximal weight (all ones) polynomial
XM 41
| (X = = Xn-k-1 + 5
(X) X1 (5)
= X31 + X14 + X13 + X1 (for the case of k|= 32)
That i§,
F(X) = LX) ( (X)) (6)
NOTE The L(X) terms fare Wichuded in\thecomputation to detect initial or terminal message truncgtion or

extensipn by addin

NOTE 2 As a typic pleme i -k =\32, the initial remainder of the division is preset to all ones. The
transmitted message bit(stream’ i lied % n-k and divided (modulo 2) by the generator polynomigl G(X),

specifigd in equation

the cog

5.4.9.3

The o
and re

NOTE

gmplement of the resulting remainder is transmitted as the (n-k)-bit FGS, with

ed by the PhE is concatenated into the received DLPDU and FCS,
(X) of dimension u

ViXU-1 + voXu-2 + ... + vu-1X + vu (7)

A remainder R(X) is computed for V(X), the received DLPDU and FCS, by a method similar to
that used by the sending DLE (see 5.4.9.2) in computing F(X)

R(X)

Define E(X)

L(X) Xu + V(X) Xn-k (modulo G(X)) (8)
rn-k-1Xn-k-1 + ... +rg

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 PhS provider ) between sending and receiving DLEs.

E(X)

= D(X) + V(X) 9)
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If no error has occurred, so that E(X) = 0, then R(X) will equal a non-zero constant remainder
polynomial

Rok(X) = L(X) Xn-k (modulo G(X)) (10)

whose value is independent of D(X). Unfortunately R(X) will also equal Rok(X) in those cases
where E(X) is an exact non-zero multiple of G(X), in which case there are “undetectable”
errors. In all other cases, R(X) will not equal Rok(X); such DLPDUs are erroneous and can be

discarded without further analysis.

NOTE 2 As a typical implementation, the initial remainder of the division is preset to all ones. The received bit
stream is multiplied by X"-k and divided (modulo 2) by the generator polynomial G(X), specified in equation (8).

5.5 |Order of bit transmission

The drder of bit transmission is identical to ISO/IEC 8802-3, Clausé pf the

DLPDU, with the exception of the FCS, shall be transmitted low-ord shall

be trapsmitted in the order specified in.5.4.9.2.

5.6 (Invalid DLPDU

An inyalid DLPDU shall be defined as one that meets attes 5 s i itions,

and is| almost identical to ISO/IEC 8802-3, Clause 3:

a) THe frame length is inconsistent with a Ien y ifiedNi eld. If
the Length/Type field contains a ~ i En the
frgme length is assumed consistent nvalid

DYPDU on this basis.
b) Itis not an integral number of octets i

c) THhe bits of the incoming\DLPDU 0 S i i a4 CRC
value identical to the one re

d) Itils inconsistent witf

The cpntents of i
invalig DLPDU m ¢
NOTE | Invalid DLPDM wa ig , di , i i - L-user.
The us¢ of such DLPD is b \ S i ificati

nce of

6 DLPDU-s

6.1 Gene

This ¢lause~define e structure, contents and encoding of each type and format pf the
DLPDU &xeept for the Sporadic DLPDU of the Type 11 fieldbus, and specifies elemegnts of
proceguxe for the DLPDU.

Within each subclause, the structure, contents, parameters and encoding of the DLPDU are
described, and the Type 11 fieldbus specific part of the DLPDU structure, which is shown in
5.3.1.1, is specified. The aspects relating to the sending and receiving of DLS-users and their
DLEs are further described. All data format and encoding is described in little endian format
throughout this clause.

NOTE Within this clause, any reference to bit K of an octet is a reference to the bit whose weight in a one-octet
unsigned is 2K, and this is sometimes referred to as "little endian" bit numbering.

Whenever a conditional action is specified and the specific enabling condition does not occur,
then the corresponding action also does not occur. The effect eventually 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.
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6.2 Synchronization DLPDU (SYN)
6.2.1 General

A DLE which is as the SYN node or operating currently in master state sends the SYN DLPDU
periodically at the specific time intervals of V(Th) for the synchronization of time-critical cyclic
data transmission by all related DLEs in the Type 11 fieldbus.

A DLE which attempts to be on line, sends REQ DLPDU for claiming to the SYN node to be
added in the Type 11 fieldbus under the condition when the DLE has received a SYN DLPDU
with the value of PN filed equal to the V(TN). The time frame, which REQ DLPDU is sent, is
during the MAC control period of Tmac. The MAC control period of Tmac starts immediately
after the DLE has completely received a CMP DLPDU or DT-CMP DLPDMby the nede with
the biggest number of the value of V(TN).

A DLE which is on line and is functioning as a SYN node, controls i ifica it data
transmission of the Type 11 fieldbus DLPDUs, solicits new node_to\j \anageq node
drop-qut, controls and manages all of the parameters related {o kee i b data
transmission. A DLE not operating as a SYN node shall atte 8 node
to kegp cyclic and stable data transmission in successio en the
current SYN node happens to malfunction. A DLE nojof bs the
order [and the timing to send out its time-critical cyg lue of

V(LL)|in the SYN DLPDU received.

6.2.2 Structure of SYN DLPDU

The s

The T e the values are set to 0x0.

2 32 Octets

Tl LL

SN = Source node number

CW = Control word

Th = High-speed periodic time

Ts = Sporadic message rotation time
LL = Live list

Figure 8 — Structure of SYN DLPDU

6.2.3 L ~Parameters of SYN DLPDU
6.2.3.1 Transmission permits node number (PN)

A DLE attempting to be on line is permitted to send REQ DLPDU out for claiming to enter into
the Type 11 fieldbus to the SYN node when the value of PN in the SYN DLPDU becomes
equal to the value of V(TN). The DLE can send REQ DLPDU out to the SYN node in the time
frame of the MAC control period during the time slot of V(TSYN) in which the DLE has
received the SYN DLPDU with equal value of PN to that of the V(TN).

The range of this value is 0x1 to OxFF. The value is incremented by each SYN DLPDU and
rolled over from OxFF to Ox1.

Table 9 shows the structure of the PN parameter.
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Table 9 — PN-parameter: 3rd octet

Transmission permits node number

PN (1 to 255)
7 6 ‘ 5 | 4 3 2 1 0

6.2.3.2 Control word (CW)

6.2.3.2.1 CW for star-architecture

6.2.3.g 11T _Structure of CW
The sfructure of Control word (CW) is shown in Table 10.
Table 10 — Structure of CW: 4th octet
Control word \ \ \ \/
Periodic R ed ant medium
eserved .
mode lestio
PM 0 /A~ RMSEL
7 6 1] o

6.2.3.2.1.2
The “PM” parameter indicates the made ization for the Time-critical cycli¢ data
transmission.
“Freetrun” mode is bds i Qdi g/ transmission, that is, the SYN node [sends
out the SYN frame im iz y node detects that all nods have sent theif time-
critical cyclic data wit i jodhof ¥Y(TSYN). On the other hand, “Constant period”
mode e ata Yransmission with a signal from a clock source of
constant time-period
Table parameter.

<\ \ Table 11 — PM parameter

\PM\m&e \ Value Description
Free=run \/ 0 Cyclic data transmission based on free run
Constant period 1 Cyclic data transmission based on time-synchronization

6.2.3.2.1.3 Redundant medium selection (RMSEL)

This parameter indicates and designates the mode of redundant medium selection to all
nodes. The value of RMSEL is used and set to V (RCS) by the DLE for switching control to
the receive frames out of one of two receive-channel A and B corresponding to each of the

redundant medium A and B. The possible value is “Automatic”, “Force A” and “Force B”.

“Automatic” designates that the switching control for receiving frames is automatically to
switch to the proper receive-channel. “Force A” or “Force B” designates that the switching
control is forced to switch to Receive-channel A or B respectively. The initial value is
“Automatic”.

The mode of RMSEL parameter is summarized in Table 12.
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Table 12 - RMSEL parameter

RMSEL mode Value Description
Automatic 00 Automatically switch to the proper receive-channel
- 01 Reserved for future use
Force A 10 Force to switch receive-channel A
Force B 11 Force to switch receive-channel B

6.2.3.2.2 CW for loop-architecture

6.2.3.2.2.1 Structure of CW

The sfructure of CW is shown in Table 13.

Table 13 — Structure of CW: 4th o

Control word /\\ \\ \
Reserved (0x0) PM e}éweh\(w

7 6 | s | 4 3 ~2 D
6.2.3.p.2.2 Periodic mode (PM) O
The “PM” parameter indicates the modexof syn ization—for the Time-critical cycli¢ data

transmission. The PM parameter is equal t

% axchitecture specified in 6.2.3.2./1.2.

6.2.3.

This kally ational time unit, using in the DLE for the
obser S te-initialization in sending out CLM frame, for se¢nding
out the CMP frd specificak 2ht SYN node in substitute for the node fafled to
send a

V(ST) e rage of this value is 1 to 255, of which time is in §12-bit
physigal sy [ - c\by and identical to ISO/IEC 8802-3. The default value |is 20,

which PO ately 100 us, that means 20 x 512 x 1/100 us.
Table

Table 14 — ST-parameter: 5th octet

V{ST) . Slot-time.
x 7

7 6 5 4 ‘ 3 ‘ 2 1 0

6.2.3.4 High-speed transmission period (Th)
This parameter designates the cyclic time period of High-speed time-critical data transmission.

The value of Th is used by the DLE, and ultimately set to V(Th), V(TSYN) equally for each
node on-line. The range of this value is 1 250 to 2 500 000, of which the unit is in 80 ns.

Table 15 shows the structure of Th parameter.
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Table 15 — Th-parameter: 6th, 7th and 8th octets

High-speed transmission period

Th (27 - 20) Th (28 - 215) Th (216 - 223)
7‘6‘5|4|3|2‘1‘0 7|6‘5‘4|3|2‘1‘0 7|6‘5‘4‘3|2|1‘0

6.2.3.5 Medium-speed transmission period (Tm)

This parameter designates the cyclic time period of Medium-speed time-critical data
transmission. The value of Tm is used by the DLE, and is set to V(Tm) equally for each node
on-ling. The range of this value is 10 to 1 000, of which the unit is in 1 ms.

Table[16 shows the structure of Tm parameter.
Table 16 — Tm-parameter: 9th and 10th<afe£e1\

Medium-speed transmission peri?z(\\ \\ \
o (27 ] 20) /\1}(\28\-\;&5)\\/

rfefslefefe[ o7 ][] &[]0
%

6.2.3.6 nissionitarget-tok n-ga ion-time period (Ts)

This f en-rotation-time for sporadic messagé¢ data
transn -architecture. This value is uged by
the Dl -line. The range of this value |s 1 to
1 000

Table

(ég%\adic\Qe}Qge tr%smission target-rotation-time period

N TNZN% Ts (28 - 215)
ARV [ o[ 7]« s 2 7o
NS

6.2.3.Y Lo peed transmission period (TI)

This darameter designates the cyclic time period of Low-speed time-critical data transniission
for star-architecture and is not used for loop-architecture. The value of Tl is used by the DLE
for star-architecture, and is set to V(TI) equally for each node on-line. The range of this value
is 10 to 10 000, of which the unit is in 1 ms.

Table 18 shows the structure of Tl parameter for star-architecture. The Tl filed is reserved and
the value is set to 0x0 for loop-architecture.

Table 18 — Tl-parameter: 13th and 14th octets

Low-speed transmission period

T1 (27 - 20) T1 (28 - 215)
7|6|5‘4‘3‘2|1|0 7|6‘5‘4‘3|2|1|0
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This parameter indicates the current operational status, whether a corresponding node is on
line and is running normal in the Type 11 fieldbus. Each bit of value “1” indicates the
corresponding node on-line and normal, and a node of value “0” is off-line.

V(LL) is used by the DLE and is generated from the information conveyed by the SYN frame.
Live list is a collection of 8 words of 32-bit length, each of which corresponds to each node in

the Type 11 fieldbus and indicates the current operational status.

Each bit in the LL word

corresponds to the node number V(TN) in a sequential order from 0 to 255 in little endian

format.
Table|19 shows the structure of LL parameter.
Table 19 - LL parameters: 15th to 46th oct{fs\ x
Live-list /\ \
LL (27 - 20) \LL\\(\sz ) N
sth 7 |6 [5 |4 |3 |2 1 0 15 1N 13N\ N1 P1o o |[s 16th
17th (23 [22 [21 [20 [19 [18 [17 [16 [3y |30 20|28 27 "[26 |25 [[24 | 1sth
1th |39 |38 [37 |36 [35 [34 |33 [32 [47 [4p [a@sc|# )43 [42 |41 [[a0 | 20th
ofth |55 |54 |53 |52 |51 |50 |49 |48 Nesg2/he1 he0 |59 |58 |57 |[56 | 20th
23th [71 |70 |69 |68 |67 GK\b\ 64\\@ 78 \Jf?)\ 76 |75 |74 |73 |72 | 24th
a1fh | 215 | 214 | 213 | 212 | 211 | 21 | 209 | 20 \2g3 No22 | 221 | 220 | 219 | 218 | 217 |[216 | 42th
agth | 231 | 230 | 229 | 228 | 227 | 226\ | 225 |24 ['239\[238 | 237 | 236 | 235 | 234 | 233 |[232 | 44th
asth | 247 | 246 | 245 |44 1248 | 242 [\2417p2do {255 | 254 | 253 | 252 [ 251 [ 250 [ 249 [|248 | 46th
N
6.2.4 Userd@
No usgr data is corygye SYN\DLPDU.
6.2.5
A DLRE of curxent 4\\ ngde ds out SYN DLPDU with a set of parameters, as stated gbove,
which|apg m ainfained and set to SYN DLPDU by the DLE of current SYN nodsg.
6.2.6 N DLPDU
Each [DLE_of the node, which is on line or is to be on line, except SYN node takgs the
follow|ngtactions on reception of SYN DLPDU. T

a)

As for star-architecture, the value of RMSEL is used to determine the switching control for
receiving frames out of one of two receive-channel A and B corresponding to each of the
redundant medium A and B, and is reflected in V(RCS).

Each value of ST, Th, Ts and TI, however the Tl is not used with loop-architecture,
received in SYN DLPDU and the corresponding value of V(ST),V(Th),V(Tm) and V(TI) in a
node is compared respectively. If the value is different, then each value of ST, Th, Ts and
Tl is to be a new value of each variable V(ST), V(Th), V(Tm) and V(TI) respectively.

The value of LL is to be a new value of V(LL).

The DLE, which has sent REQ DLPDU out, shall confirm that the corresponding bit to the
V(TN) in LL becomes “true”. If the value of the corresponding bit of LL is “true”, then the
node of the V(TN) is on line. The DLE of the V(TN) shall start to send out its Time-critical
Cyclic data every time immediately after the DLE has received CMP or DT-CMP DLPDU
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from a node that is on line and of which the node identifier number can be obtained from
the LL and is lower in sequential order in the LL.

6.3
6.3.1

Transmission complete DLPDU (CMP)

General

CMP DLPDU is sent to indicate all of the time-critical cyclic data transmission completed at
the end of data transmission. Two types of DLPDU for indicating the data transmission

compl

6.3.2

Figure

6.3.3

This p

6.3.4

No usp

6.3.5
CMP

a) Th
its]
h3
m
trg

NOTE

DLPDU|i

b) A
its

eted is specified, one is CMP DLPDU and the other is DT DLPDU.

Structure of CMP DLPDU

9 shows the structure of the CMP DLPDU.

1 1 1 1 42

FC SN | rsv | SYN rsv

Key
FC = Frame control (11001000)
rsv = Reserved (0x0)

Figure 9 — Structure of

SYN node number (SYN) paramete

arameter indicates the number of the

Sendingj P
DLPDU is s

DLEf\SYN nede shall wait for CMP or DT-CMP DLPDU from the DLE, which is s¢
dataout, in the durat|on of V(SCMP) When the DLE of SYN node has failed to r¢

Su

6.3.6

ing out

e DLE
pradic

its data

T-CMP

nding
pceive

bst|tut|on for the DLE wh|ch has not send out its CMP or DT CMP DLPDU

Receiving CMP DLPDU

DU in

Each DLE of the node, which is on line, shall activate the followings on reception of CMP or
DT-CMP DLPDU:

a) The value of V(Tsl) is updated to the number of V(TN) of which node is to send out its
date, after searched next node out of V(LL), translated into and get actual node identifier
mber of V(TN). In searching the next node, the DLE checks and extracts the first bit of

nu
V(

LL) being “true” in the greater order than the corresponding bit position of the

node

which has finished sending out. When the first bit of being “true” is found, and according
to the bit position found in the V(LL), the DLE shall translate the bit position into the actual
node identifier number of V(TN),
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b) On condition that the value of the node identifier number, which is translated from the bit
position in the V(LL), is equal to the number of V(TN) of this node, the DLE shall begin to
send out data of every high-speed time-critical cyclic data, Medium-speed time-critical
cyclic data, Sporadic message data and Low-speed time-critical cyclic data, however the
Low-speed time-critical cyclic data is used only with star-architecture, in this order.

The Medium-speed Time-critical cyclic data, the Sporadic message data and the low-speed
time-critical cyclic data is able to send out from the node if the condition is met respectively,
and each data transmission shall terminate when one of the following conditions met:

e All the data with each priority level has finished sending out,

e Thecorresponding observational timer has expired
™ J ™ Y

e The T(MTHT) for High-speed time-critical cyclic data transmission has (b
6.4 |In-ring request DLPDU (REQ)
6.4.1 General

REQ DLPDU is sent by the DLE to the SYN node to claim tg/ke a iAieldbys.

6.4.2 Structure of REQ DLPDU

Figurg 10 shows the structure of the REQ DLPDU

11 1<\<\(42> oot

SN = Source node number

RN = Recipient node numbgr

/\; S \ tructure of REQ DLPDU
6.4.3 Recipient node :

This parameter dg { 9 pignt node number of which the node is to receive the REQ
DLPDU. The RN.is 3 -architecture, otherwise the value is set to 0x0.

Table|2 t of the RN parameter.

Table 20 — RN parameter

RN: Recipient node number

NLRNIN L4 &0 O AN
VTN tO7 297

7 | & | 5 | 4 3 2 1 0

6.4.4 User data of REQ DLPDU

No user data is conveyed by the REQ DLPDU.

6.4.5 Sending REQ DLPDU

REQ DLPDU is sent by the DLE of a node which attempts to be a member in the Type 11
fieldbus, claiming to be added and to be on-line, on condition that the DLE has received a
SYN DLPDU with the value of PN field equal to the V(TN) and further in the time frame of the
MAC control period of Tmac. The start of the MAC control period of Tmac is immediately after
the DLE has completely received a CMP DLPDU or a DT-CMP DLPDU out of a node with the
biggest number of the value of V(TN) in Type 11 fieldbus.
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6.4.6

Receiving REQ DLPDU

REQ DLPDU is received by the DLE of the current SYN node in operation. Received REQ
DLPDU, the DLE extracts the number of V(TN) of sending DLE out of the value of SN field in
the REQ DLPDU, and sets to “1” (being on-line or live) the corresponding bit of the V(TN) in
V(LL). Immediately after the MAC control period of Tmac during which the DLE received a
REQ DLPDU, the DLE sends out SYN DLPDU with the value of extracted number of V(TN) in
the LL field.

6.5
6.5.1
CLM

inacti
permi

the value of the V(ST) and the V(TN).

6.5.2

Figurg 11 shows the structure of the CLM DLPDU.

6.5.3

6.5.3.1 PDU parameter (RC)

This garameter ingi counts for the DLE to send out CLM DLPDU. The
is decremen{ed 1n ¢ (ST) to 0. The default value is 20. Reached to count “

Claim DLPDU (CLM)

General

DLPDU is sent by the DLE claiming for re-synchronization of the Type fieldb

Structure of CLM DLPDU

111 4 (\ AN
FC SN rsv<§c\q \<rsv\U

FC = Frame contr 0000Q0)
p ved\(0x0

ure/of CLM DLPDU

SN = Source node number
RC = Residual counts of CLM DLPD

21s \ re of the CLM parameter.

Table 21 — CLM parameter: 4th octet

us on
node
d and
ds on

value
)7, the

Residual Counts of CLM DLPDU

V(RC) ( 27 - 20y

7 | 6 ‘ 5 4 3 2 1 0

6.5.3.2 Slot time (ST) parameter

The value of this parameter is set to that defined in 6.2.3.3.

6.5.4

User data of CLM DLPDU

No user data is conveyed by the CLM DLPDU.
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CLM DLPDU is sent by the DLE, which is provided with the SYN node function, claiming for
re-synchronization of the Type 11 fieldbus.

After the DLE has been powered and initialized, once the T(SL) timer has expired, the T(ST)
timer is successively triggered. When the T(ST) timer has expired, CLM DLPDU is sent by the

DLE.

The DLE shall send out CLM DLPDU in a predefined number of times, which depends on the
value of V(ST). The number of times is calculated by the following equation, in which “N” is

the number of times.

over the common medium.

When| the DLE has successfully received a CLM DLPDU from ©
extragt the value of SN within the CLM DLPDU and compare

When| the value of SN is lower than the V(TN),
another CLM DLPDU. On the contrary when the V(T

and when the collision hag

N = round up [ 2 x V(MD) + V(MRT) / 2 + 2]

When| a CLM DLPDU is being sent,
immediately stops sending out CLM DLPDU and starts to monito

the DL

to send out CLM DLPDU after both of T(SL) and congecutive
When|the DLE has successfully sent CLM DLPD in

SYNM DLE. On the other hand SYN D
send ¢ut CLM DLPDU for re-synchrorii

The OLE that is not provided with the
node,|shall not send out CLM DLPDUY
receivied from another node.

6.6 Command DLPD

6.6.1 General

COM DLPDU is

value |of the Ty

reflecled in the SYN
paran
a) V(
b) V(
c) C
NOTE

6.6.2 Structure of COM DLPDU

not designated to be 3
e shall not respond to CLM D

DLE
dition

shall
(TN).

ing out

tempt

comes
ase to

SYN
LPDU

e the
all be

i¢ldbus

riod,

Figur IZ SNOWS the Structure or the CUWNVI DLFDU.
architecture, otherwise the values are set to 0x0.

1 1 1

Ine 1S and I1 are avallable 10

32

Octets

FC [ SN | PN

Ccw

ST

Th

Tm

Ts

Tl

sv

Key

FC = Frame control (11000100)

PN = Transmission permits node number

ST = Slot time

Tm = Medium-speed periodic time

Tl = Low-speed periodic time

SN = Source node number

CW = Control word

Th = High-speed periodic time

Ts = Sporadic message rotation time

rsv = Reserved (0x0)

star-
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Figure 12 — Structure of COM DLPDU

6.6.3 Parameters of COM DLPDU

The parameters of COM DLPDU are equal to that of the SYN DLPDU specified in 6.2.3.

6.6.4 User data of COM DLPDU

No user data is conveyed by the COM DLPDU.

6.6.5 Sending and receiving COM DLPDU

The IIJLE is activated to send COM DLPDU by receiving DLM_SET_Value/p ive, esp

requirjng change of each value of V(ST), V(Th), V(Tm), V(Ts), V(TI) and/C

When|the DLE of the SYN node has successfully received CO
another node, the DLE reflects the requirement by COM DLPDY
the ngxt V(Th) time period.

6.7 |Cyclic data and cyclic data with transmission ce
6.7.1 General

Eitherf DT DLPDU or DT-CMP DLPD
Type [|1 fieldbus member nodes. Th
indica
6.7.2

Figure
128 Octets

Q & SN Dcli_d ER- \ND/ User data word
addr

control (DT: pp000111, DT-CMP: pp001111

rresponds to priority level.)

= Source node number WD = Word length

Figure 13 — Structure of DT DLPDU

6.7.3 Parameters of DT DLPDU

ecially

P)LE of

ent in

CMP)

to all
DU is

6.7.3.4———DLGCEPR-addressparameter

This parameter indicates DLCEP for predefined multi-point publisher DL-connection.

Table 22 shows the structure of the DT parameter.

Table 22 — DT parameter: 3rd and 4th octets

DLCEP-address

DLCEP-address (27 - 20) DLCEP-address (28 - 215)

7|6|5‘4‘3‘2|1|0 7|6‘5‘4‘3|2|1|0
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6.7.3.2 Word length parameter (WD)

6.7.3.2.1 WD for star-architecture

This parameter indicates the length of the User-data-word. The value is 0x40, and the value is
held into V(BW).

6.7.3.2.2 WD for loop-architecture

This parameter indicates the length of the User-data-word. The value is one of 0x8, 0xOc,

0x10,

0x14, 0x18, 0x24, 0x30 and 0x40 selectable, and the value is held into V(BW).

6.7.4

The Q
DLPD

The ty
Low-s
DLPD
loop-4

6.7.5
The O
Recei

DLPD
the sp

6.8
6.8.1

RAS
inform

6.8.2

Figure

Sending DT or DT-CMP DLPDU

ecified receive-buffer is updated(and is ava

RAS DLPDU (RA

6.8.3

FC=Frame Conror (110000 SN =Source node number
Figure 14 — Structure of RAS DLPDU

DCEP-address parameters

This parameter indicates the DLCEP for predefined multi-point publisher DL-connection.

Table

23 shows the structure of the RAS parameter.

TRC(Cyclic-transmission TX/RC control) manages to send out O -CMP
U on receipt of DL-PUT primitive from the DL-user.

pe of High-speed cyclic data transmission or Medium-sp ion or
peed cyclic data transmission shall be designated to he DT
U and the DT-CMP DLPDU. The Low-speed cycli ed for
rchitecture.

Receiving DT or DT-CMP DLPDU

LE that has received DT DLPBU b nding
e buffer associated with DLCEP -CMP
U, and notify the DLS-user using DE-Buffer- ata in

General
DLPDU i@ (Reliability, Availability, Serviceability) related
ation to all A

Structuke o
14 sHows Pthe RAS DLPDU.

N 1 2 Up o 34 Octets
FC | SN DLCEP- User data
address
Key
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Table 23 — RAS parameter: 3rd and 4th octets

DLCEP-address

DLCEP-address (27 - 29) DLCEP-address (28 - 219)
7‘6‘5‘4|3|2|1‘0 7‘6|5|4|3|2‘1‘0

6.8.4 User data

RAS DLPDU conveys the user data, which is specifically associated with the RAS related
informadi S octe i however—ia—whi

2 oct
32 oc

1 then

The DLE of each local node may handle the RAS related informatio
i everal

the tofal number of the RAS related information of each node
fragments and each fragment is conveyed on the RAS DLPDU.

2 Up to 32
User data word /
wD /)

of Usex data word

Figure 15 — Structuyre of Usex de loop-architecture

6.8.5 Sending and reg

The OLE of local node\ca e RAS related information to all Type 11 fig¢ldbus
member nodes using the“p QU RAS DLPDU is sent during TMAC time ddration
by thg DLE of g - ach(l 3 n order of V(TN), therefore the transmisgion of
the RAS DLPDU related information of local node is carried put on
background basis.

When received, the DLE shall update the correspgnding
Recei the DLCEP address field in the RAS DLPDU and notify the
DLS-y eceive indication primitive that the data in specific receive-

buffer]i is available to read out.

6.9 Y uest DLPDU (LRR)

6.9.1 General

LRR DLPDU is specific use for loop-architecture and is sent for recovering the open-ring upon
failure.

6.9.2 Structure of LRR DLPDU

Figure 16 shows the structure of the LRR DLPDU.
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1 1 41 Octets

FC | SN|PS RN | rsv rsv

Key
FC = Frame control (11100110)
PS = Port status

rsv = Reserved (0x0)

SN = Source node number

61158-4-11 © IEC:2010(E)

RN = Recipient node number

Figure 16 — Structure of LRR DLPDU

6.9.3 Parameters of LRR DLPDU
6.9.3.]1 Structure of Port status (PS)
6.9.3.1.1 General
This parameter indicates the status of the node. Tabl eture of thg port
status|.
Table 24 — Format of the
N PPrpor statis < X )
Reserved PPJ:;n(;rg) Send-en Ie-A/I;B \Reiseienable-AlB Forward-enable-A/-B
7 6 5 MR NS 2 1 0
N’
6.9.3.1.2 Primary

This g
node

Table

arametert
S power-up, or

25 shows the

Q

pary port parameter.

5 — The value of the PP parameter

AN
“Riimary port (PP)

Value Description
R\mg\wport% 0 The Ring-port-A is as the primary port.
RingWB 1 The Ring-port-B is as the primary port.

e this

6.9.3.1.3

Send- Receive- and Forward-enable parameters

These parameters indicate the operational status of the ring-port whether the ring-port is in
the send-, the receive- and the forward-enabled or not.

Table 26, Table 27 and Table 28 show the value of the send-, the receive-, the forward-
enable-A / -B parameters.

Table 26 — The value of the send-enable-A/-B

Send enable-A/-B Value Description
Send-disable 00 Both the Ring-port-A and -B are in disabled
Send-enable-A 01 The Ring-port-A is in enabled
Send-enable-B 10 The Ring-port-B is in enabled
Send-enable-A and -B 11 Both the Ring-port-A and -B is in enabled
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Table 27 — The value of the receive-enable-A/-B

Receive enable-A/-B Value Description
Receive-disable 00 Both the port-A and -B is in disabled
Receive-enable-A 01 The port-A is in enabled
Receive-enable-B 10 The port-B is in enabled
Receive-enable- A and -B 11 Both the port-A and -B is in enabled

Table 28 — The value of the forward-enable-A/-B

Forward enable-A/-B Value Description /\
Fqrward-disable 00 The forwarding between the port-A and B/Is\in disable
Both Ring-port —A and —B are in Blocks

Fqrward-enable-A 01 The forwarding from the port-A to -Kis in erable
Ring-port-A is in Non-blocked and Ring-port-Biis, imBlocke

Fqrward-enable-B 10 The forwarding from the port- -ANis Yo enabled.
Ring-port-B is in Non-blocked and Ring>Rort-A is ilnBlgCked

Fqrward-enable-A to -B 11 The forwarding between the part and/B 15 inenabled.
Both Ring-port—A and —B a«g in -blgCked
N\

6.9.3.2 Recipient node number (RN)

This garameter designates the recipi
DLPDMU. The format is shown in Table

6.9.4
The t chitgcture is in a ring structure, in which each ng
conne in series er nodes. The DLPDU is sent in both directions out of thd

atat

ode is to receive the LRR

de is
node

passed through sequentially between the nodes. In order to

circumve 8 DL M being ¥irculated for ever in the ring, there exist open-points purposely

source¢ node f the circular path.

Figurg 17 _shows &an open-ring structure under control as an example, and Tab
summ|arizes the operation condition of each node.

ye 11 fieldbus so that a DLPDU is not returned any more fo the

le 30
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Master-node

Ring-port-A
blocked

Ring-port-B
blocked

Figure 17 — Open-ring under c

Table 30 — Operational condition

Node/c&n%itiém/ i
Node # Master/Slave N al/Op > /Riég}yzort- -B state
-node state state ™

\Riné«{ort-A) Ring-port-B
1 Master ormal I\Nblocked Non-blocked
2 Slave \Nor@-e?l\ \ﬁ{)n- locked Non-blocked
3 %éve / \Qpe\) >Ion-b|ocked Blocked
4 Blocked Non-blocked
5 Non-blocked Non-blocked

The DLE provides f« remedy action in cooperation with the DLE in| other

nodes obfailure)in order to maintain the communications betweén the

nodeg| i

The s LRR'DLPDU to compensate a single point of failure are as follows:

a) A i » tate (hereafter DLE1) which is at one end of current active-segment
an le point of failure over the path to the node in the master-state| shall
de

b) The‘BLE1 in the open-state, detecting the long-silence of reception, shall send out LRR
D vith re—iN—eeda O 1€ ‘GG‘G“‘ BA®LEREVA™ O € 26;“‘ TOG€; hat iS
another node ( or DLE, hereafter DLE2) in open-state at the edge of the current active-
segment, in both direction at a time at the timing given by the ACM,;

c) The DLE1:

e shall wait to receive LRR DLPDU with the RN equal to V(TN);

e shall enter into normal-state if receiving within a specified time period a LRR
DLPDU with the RN equal to V(TN) out of the DLEZ2;

e shall change the port status “Blocked” of the Ring-port to the current active-
segment and further the port state “Non-blocked” of the Ring-port on the current
open-segment if not receiving the LRR DLPDU with the RN equal to V(TN) within
the specified time period out of the DLE which is the adjacent node on the current
active-segment;
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d) The DLE2 which is receiving LRR DLPDU with the RN equal to V(TN), shall enter into
normal-state;

e) The DLE (hereafter DLE3) which is in normal-state and is over the path between the single
point of failure and the node in open-state ( DLE1), shall send out LRR DLPDU with the
RN equal to the node-identifier-number of the adjacent node at the side of the Ring-port
through which a LRR DLPDU is receiving, in both direction at a time;

f) The DLE3:

shall wait during a specified time period, to receive LRR DLPDU with the RN
equal to V(TN);

shall maintain in the normal-state if receiving within a specified time period a LRR

6.10 |Loop diagnosis DLPDU (LPD)
6.10.1 General

The LPD DLPDU is sent to diagnose the conditi

6.10.4 Structure of LPD DLPDU

Figurg 18 shows the structure of the LPD D

6.10.3 Parame f LPD DLPDU

6.10.3.1

DLPDU with the RN equal to V(ITN) from the opposite side—af the Ring-port
through which the DLES first received a LRR DLPDU;

shall change the port status “Blocked” of a Ring-port 3
Ring-port through which the DLE3 first received a LRR
LRR DLPDU with the RN equal to V(TN) from the Ri
time period, and shall enter into open-state.

ide of a
giving a
becific

(4
[/}

ween the adjacent nod

Octets
F% SN TN \Q/ \> rsv
ey \>
= Frg@me control (11100011) SN = Source node number
S = Port status TN = This node number

v = Reserved (0x0)

Figure 18 — Structure of LPD DLPDU

Port status (PS)

This parameter is equivalent to the PS in 6.9.3.1.

6.10.3.2

This node number (TN)

This parameter indicates the node-identifier-number of V(TN), of which the node sent out the
LPD DLPDU.

6.10.4 Sending and receiving LPD DLPDU

Each DLE periodically sends out LPD DLPDU with the node identifier number V(TN) of the
node and the port status in operation so that the neighboring nodes are able to collect these
information.
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a) Each DLE shall send out the LPD DLPDU in both direction at a time at the specific instant
which is given periodically by the ACM of loop-architecture;

b) The LPD DLPDU shall be sent out of each node all together at the same instant;
c) Each DLE on receiving LPD DLPDU shall not forward the LPD DLPDU receiving from one

Ring-port to the other Ring-port.

7 DLE elements of procedure

71 DLE elements of procedure for star-architecture

711

The { - TRC),
Sporadic TX/RX Control (STRC), Access Control d % Medium
Contrpl(RMC), TX/RX Framer, Octet Serializer, Octet Deserializér g Jement
Interface.

The dium
accesp control cooperating with the CTRC, the STRC and i icient
support both of higher-level connection-mode and i ansfer
services.

The

Figurg
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DL-Data_req.indication

DL-Buffer_received.indication

DL-Put.request
DL-SPDATA request DL-Put.confirm
DL-SPDATA confirm DL-Get.request
DL-SPDATA.indication DL-Get.confim
DLS-user
DL-layer
Sporadic Cyclic
TXIRX tramsmission
TX/RX
ACJ{:_SEND_DATA.req/conf Control Control
ACNI_RECV_DATA.ind
SEND_ENABLE.ind > }x a
A 4 \4
Access Control Machine [ Ma
RME_SEND_DATA.req/conf inte
RME_RECV_DATA.ind N < AN
7J
TX_DATA reg/conf |+
RX [DATA A(.‘ind Redundancy Medium Contro)/_\u Ch-B
RX_|DATA_B.ind 1 ry T ( 7
v | \7 N

™> RX
Framer n—<

O

=

ramel

??J(i

C%tek) et
erializer Serializer

7.1.2

Upon [power-up>Q
into the OFF-LIN
DLPDMU «eceived.

Ch-B

PLS_CARIER.indication
PLS_SIGNAL.indication
PLS_DATA_VALID.indication

yre 19 — Overall structure of DLL

gr the reception of the DLM-RESET request primitive, the DLE sHh
ate. When in OFF-LINE, the DLE shall not transmit and shall igno

all go
e any

When all the variables for normal DLE operation are set up by the DLM-Set-Value request

primitive, the state is changed from OFF-LINE to STATION MODE CONTROL in which the
DLE shall start normal DL operation.

Figure 20 depicts the DLE state transition.
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Power-Up or DLM-Reset

STATION-MODE-CONTROL

ENABLE

Received SYN frame && V(LL)=0

/Wexpire

) expired

Comm
T(SL) expired

SYN mode .
All transactions

7.1.3 |Cyclic transmission TX/RX c¢

7.1.3.1 Overview

The (yclic transmission TX/RX G) i S tching
the DLSDU received for 3 nd the
ACM.

DL-D3ta-Req indiecatio data
transfer from e@D Z rquest
primit e DL-
Data-

Each DLS-
user :ﬂ ACM
sendi

DL-Ds ABLE
indica cation

primitive- allows the CTRC to activate transfer of corresponding class of data—buffer by the
DLS-Jser/The classes designated by the speed-class parameter correspond to the clasges of
High-speed cyclic data, Medium-speed cyclic data and Low-speed cyclic data transfer.

The data transfer of each Speed-class designated is dependant on the level of transfer
priority:

a) As for Priority class 3, which corresponds to the High-speed cyclic data transfer, when
received SEND_ENABLE indication primitive, the CTRC shall handle all of the data of
every DLS-user buffer corresponding to the High-speed Cyclic data transfer or the High-
speed class is to be delivered to the ACM and to be sent on the transmission medium all
at once on each occasion;

b) As for Priority class 2 and 0, which corresponds to the Medium-speed cyclic data transfer
or the Medium-speed class and the Low-speed cyclic data transfer or the Low-speed class
respectively, the CTRC shall handle on each occasion the data of every DLS-user buffer
corresponding to the Medium-speed and the Low-speed class is sent or not depending on
the condition. The token-holding time of each class 2 and 0 governs the condition. After


https://iecnorm.com/api/?name=e993210845a7645dd01e92a805f24507

61158-4-11 © IEC:2010(E)

- 69

sending out all the High-speed cyclic data, the Medium-speed cyclic data is sent. If the
token-holding time ends during sending the Medium-speed cyclic data, the data transfer is
interrupted and the CMP DLPDU or the DT-CMP DLPDU is sent at the this occasion. On
the next occasion, the remainder of the previous Medium-speed cyclic data is to be sent
depending on the same condition. As for the Low-speed cyclic data, the same control as
for the Medium-speed cyclic data transfer is to be done. The occasion happens every

V(TSYN) time period.

When the ACM_RECV_DATA indication primitive has been received from the ACM, the CTRC
stores the DLPDU by the ACM into each receive-buffer, which is addressed with the DLCEP-
identifier parameter in ACM_RECV_DATA indication primitive. Furthermore, the CTRC issues
DL-Buffer-received indication primitive to inform the DLS-user the receive-buffer of the DLE is

updat
using
CTR{.

7.1.3.
7.1.3.2.

The pri
primit

bd and 1s available to read out. The DLS-user can read out the data ip

Ne recelve

buffer
m the

d the

Primitive name

\ \ As}ociated parameters

DL-Dafa-req.indication CTRC/l CE\S\identifier
DL-Put.request DL-user Wntifier,
DLSDU+tength,
(\ /\ DLSDU
AN
DL-Put.confirm ‘C C DLCEP-identifier,
tatus
DL-Buffer-received, atibg > \QTR?}\ ) DLCEP-identifier

DL-Ge}.request D%er\ DLCEP-identifier
DL-Ge}.confirm TR DLCEP-identifier,
DLSDU-length,
DLSDU,
Status
%\Yw Primitives exchanged between CTRC and ACM
Prlmltlve Source Associated parameters
SEND]|ENABLE.ind ACM Speed-class
ACM_SEND_DATA. req CTRC DLPDU
ACM_SEND_DATA.conf ACM Status
ACM_RECV_DATA.ind ACM DLPDU

7.1.3.2.2 Parameters used with primitives exchanged between DLS-user and CTRC

The parameters used for interaction between the DLS-user and the CTRC are summarized in

Table 33.
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Table 33 — Parameters used with primitives exchanged between DLS-user and CTRC

Parameter name Description
DLCEP-identifier Identifier to designate Send-Buffer or Receive-Buffer
DLSDU The contents of Send-Buffer or Receive-Buffer, which is Time-critical
Cyclic data processed by CTRC
DLSDU-length The length of DLSDU
Speed-class Speed-class to designate the class of Time-critical Cyclic data transfer,

that is for High-speed Cyclic data, Medium-speed Cyclic data and Low-
speed Cyclic data

failed for the reason specified

Status Status report whether the requested service is suc fully providejd or

7.1.3.B CTRC state table

The sjate transition diagram of the CTRC is depicted in Figuré RC>statg table

is shown in Table 34.

DL-Data-req.indication
DL-Buffer-received.indication
DL-Put.request
DL-Put.confirm
DL-Get.request
DL-Get.confirm

ACM_SEND_DATA. req/conf
ACM_RECV_DATA.ind
SEND_ENABLE.ind
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Table 34 — CTRC state table

c t Event
# urren Icondition Next state
state .
—actions
1 READY DL-Put.request {DLCEP-identifier, DLSDU-length, DLSDU} READY
/ CHECK_PAR_PUT (DLCEP-identifier, DLSDU) = "True"
=
PUT_BUFFER (DLCEP-identifier, DLSDU)
DL-Put.confirm { DLCEP-identifier, DLSDU-length, Status := "success"
}
2 READY DL-Put.request {DLCEP-identifier, DLSDU-length, DLSDU} READY
I CHECK_PAR_FPUT (DLCEP-Identitier, DLSDU) = "False”
=
DL-Put.confirm { DLCEP-identifier, DLSDU-length, Status := "failyfe
i N\ QN
3 READY DL-Get.request {DLCEP-identifier } @ Y
/ CHECK_PAR_GET (DLCEP-identifier) = "True"
=
DL-Get.confirm { DLCEP-identifier, DLSDU-length
DLSDU := GET_BUFFER(DLCEP-identifier), Stat
}
4 READY DL-Get.request {DLCEP-identifier} READY
/ CHECK_PAR_GET (DLCEP-identifier) ="
=

5 READY REAQY

-identifier)
ss, DLCEP-identifier, DLSDU)

-- immediate

=
NQ(T(Sp ed-class)

6 QEAh\%E ) ENABLE.ind {Speed-class} READY

| Spead-class <> "SPORADIC" &&
HEZK_NEXT_SEND(Speed-class) = "False"

=9

ACM_DATA.req { null -- no data

l
ACM_DATA.conf {} -- immediate
=9

NEXT(Speed-class)

7 | READY ACM_DATA.ind {DLPDU} READY
/ Class <> "SCOPRADIC" &&
CHECK_PAR_DT (DLPDU)

ES

DL-Buffer-received.indication {
DLPDU.DLCEP-address

}

7.1.3.4 Functions of CTRC

All functions of the CTRC are summarized in Table 35.


https://iecnorm.com/api/?name=e993210845a7645dd01e92a805f24507

— 72 —

61158-4-11 © IEC:2010(E)

Table 35 — CTRC functions table

Function Name Input Output Operation
CHECK_PAR_PUT DLCEP- True/False Check that all parameters of DLCEP-identifier and
identifier, DLSDU of DL-put.request primitive are valid. If valid,
DLSDU “True” is returned, otherwise “False” is returned
PUT_BUFFER DLCEP- (none) Store DLSDU into the Send-Buffer associated with
identifier, the DLCEP-identifier
DLSDU
CHECK_PAR_GET DLCEP- True/False Check that that DLCEP-identifier of DL-get.request
identifier primitive is valid. If valid, “True” is returned
GET |BUFFER DLCEP- DLSDU Get DLSDU in the Receive- B ssociated With
identifier DLCEP-identifier
CHECQK_NEXT_SEND | Speed-class True/False Check that the DLSDU ec\?le Spesd-class
exists. If it exists, “Tr e\iswreturredy\\otherwjse
“False” is returned
GET_INEXT_ID Speed-class DLCEP- Get next DLCEP-id |f| r ol theNDLS Nser-Byffer
identifier specified by Speed- clas
BUILD_DT Speed-class, DLPDU ild i iti Cyclic data ¢ut of
DLCEP- U is assembled as
identifier,
DLSDU
Spe€d-class + "DT"
DLCEP-identifie
DLP U DLSDU = DLSDU
CHECK_PAR_DT DLPDU True/False hesk that the specified DLPDU is valid. If valid,
/7 “True™is returned
NEXT Speedhclass Gck that additional DLSDU specified by the
peed-class is remained. If remained, the conftrol is
returned to the top of current state
7.1.4 |Sporadic TX ontrol
71.4.1
The $porad ontr TRC) is responsible for buffering and dispatching in time
DLSDU r poradic message data between DLS-user and the ACM.
7.1.4.2 Primitive definitions
7.1.4.2.1 \Primitives exchanged between DLS-user and STRC
Table shows

all primitives exchanged between the STRC and the ACM

Table 36 — Primitives exchanged between DLS-user and STRC

Primitive name Source Associated parameters
DL-SPDATA.request DLS-user DA,
MSDU
DL-SPDATA.confirm DLS-user DA,
Status
DL-SPDATA.indication STRC DA,
SA,
MSDU,
Rec-Status
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Table 37 — Primitives exchanged between STRC and ACM

Primitive name Source Associated parameters
SEND_ENABLE.ind ACM Speed-class
ACM_SEND_DATA.req STRC DLPDU
ACM_SEND_DATA.conf ACM Status
ACM_SEND_DATA.ind ACM DLPDU

7.1.4.2.2 Parameters used with primitives exchanged between DLS-user and STRC

All pgrameters used with primitives exchanged between the DLS-user an RC is
shown in Table 38.

Tahle 38 — Parameters used with primitives exchanged between 'RC

Parameter name Desci tior\ \ \/

DA Destination Address Q \ \ \
SA Source Address /\ N \

MSDU MAC service data unit ( O \/

Status Indicate whether the r q\leé d ice oRDL-SPDATA.request is
successfully provided er failgd f e reagon specified

Rec-S{atus Indica%e\wwa\the EN\PDU\h{d re}éived without error or not

DLPD DLPDy/rc#Spor}s@\we Suge transfer

es
~

s}gk
Speediclass Speediclas§ re b by\[)ég-user. In Sporadic message transfer
/\ _service \Speegd cfass is'spetified as “Sporadic” or Class 1.

7.1.4.B STRC state ta

The sfate transi depicted in Figure 22, and the STC state table is

showrn] in Table 39.

All transactions

READY

ACM_SEND_DATA.reg/conf
ACM_RECV_DATA.ind
SEND_ENABLE.ind

Figure 22 — State transition diagram of STRC
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Table 39 — STRC state table

Current Event
# u Icondition

state .
—actions

Next state

1 READY DL-SPDATA.request {DA, MSDU}
/ CHECK_PAR_SPDATA ( DA, MSDU ) = "True" &&
CHECK_SPDATAQ () <> "Full"

=

QUEUE_SPDATA (DA, MSDU)

DL-SPDATA.confirm { DA, MSDU,
Status := "success"

READY

s

2 | READY DL-SPDATA.request {DA, MSDU}
/ CHECK_PAR_SPDATA ( DA, MSDU ) = "True" &&
CHECK_SPDATAQ () = "Full"

=

DL-SPDATA.confirm { DA, MSDU,
Status := "failure - The SPDATA Queue is full"

}

READQY

3 READY DL-SPDATA.request {DA, MSDU}
/ CHECK_PAR_SPDATA ( DA, MSDU ) = "Fal
=

DL-SPDATA.confirm { DA, MSDU,
Status := "Failure - Invalid paramefer"

}

NN

REAQY

4 READY SEND_ENABLE.ind {Speedxclas
| Speed-class = "SPORADIC'

0) .
N/

-- immediate response

READQY

5 READY

ceived.indication {
LCEP-address

READQY

7.1.4.4 _Functions of STRC

All functions of the STRC are summarized in Table 40.
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Table 40 — STRC functions table

Function name Input Output Operation
CHECK_PAR_SPDATA | DA, True/False Check that all of parameters, DA and DSDU
MSDU provided with DL-SPDATA.request are valid. If

valid, "True" is returned

CHECK_SPDATAQ (none) status Check that the Queue condition for SPDATA is fully

queued. The returned status is any one of "Full",
"Empty" and "Queued"

QUEUE_SPDATA DA, (none) Queues the input data into the SPDATA Queue on a
MSDU FIFO basis
DEthEUE_SPDATA (none) DA, Dequeue from the SPDATA on a FIFQ basis
MSDU (d’ﬂ?ﬁ\
BUILD_SPDATA DA, DLPDU Build into DLPDU of S
MSDU DLPDU is assembled a
DLPDU.DA
DLPDU.SA :&V(
DLPDU. Len/
DLPDU

CHECK_RCV_SPDATA | DLPDU True/False Che %Nu{;k flwls valid. If valid,

T e” is return

7.1.5 |Access control machine (AC

7.1.5.1 Overview

a)

c)

O

ontrol
nodes

’

odes,

of the
is not

n the

fulfill the specific medium access control to give all the DLEs the opportunities to send out
2 kinds of class of the Time-critical cyclic data and Sporadic message data in timely,
prioritized and deterministic fashion, and to detect the network disruption and to initiate
the restoration in appropriate time, further to add and remove the nodes on line;

provide 3 levels of the Time-critical data transfer opportunities of sending data to the node
in sequential order and within each pre-specified time period, and that the data transfer of
each level is performed within the pre-specified time duration (token holding time) and
whether the data transfer of lower levels to be carried out or to be held over to the later
cyclic time period depends on the level and the occasion though the top level of the data
transfer is always carried out at every occasion, on the other hand, the whole volume of
the data transfer of lower levels is transferred within each pre-specified time period;

provides the sporadic message data transfer opportunities of sending out to the node that
the request to transfer is happened sporadically by the DLS-user, and the data transfer is
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performed within a pre-specified time period of the corresponding level of priority and is
based on the regular ISO/IEC 8802-3 applications.

7.1.5.3 Primitive definitions

7.1.5.3.1 Primitives exchanged between ACM and RMC

Table 41 summarizes all primitives exchanged between the ACM and the RMC.

Table 41 — Primitives exchanged between ACM and RMC

Primitive name Source Associated parameters
RMC_BEND_DATA.req ACM RMSDU /\
RMC_$END_DATA.conf RMC RMC-status /\\ ~
RMC_RECV_DATA.ind RMC RMSDU /\ \

The parameters used with the primitives exchange betw

described in Table 42.

Table 42 — Parameters used with primitives ¢xc g

b

RMC are

eennACM and RM(C

Parameter name

O\ Bederion

RMSDp spuofRMA. N\ (X Y 7
RMC-dtatus Status indicatin e é\s\u\lt\of h}ireq%sﬂé RMC

7.1.5.

Table

nged between ACM and CTRC

Primitiveya\ﬂ\e

Associated parameters

SEND__ENABLE.ind\ \

Speed-class

ACM_;END_%TN \ CTRC DLPDU
ACM_;E)&D}QA\A.OQQ\ \ ACM ACM_status
ACM_ QENA 'nd\ ) ACM DLPDU

The fdarameters used with the primitives exchange between the ACM and the CTRC are

descriped’in Table 44.

Table 44 — Parameters used with primitives exchanged between ACM and CTRC

Parameter name

Description

ACM_Status

Status indicating the results

DLPDU

SDU of AMC

Speed-class

Speed class indicating Time-critical Cyclic data transmission

7.1.5.3.3 Primitives exchanged between ACM and STRC

Table 45 lists all primitives exchanged between the ACM and the STRC.
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Table 45 - Primitives exchanged between ACM and STRC

Primitive name Source Associated parameters
SEND_ENABLE.ind ACM Speed-class
ACM_SEND_DATA.req STRC DLPDU
ACM_SEND_DATA.conf ACM Status
ACM_SEND_DATA.ind ACM DLPDU

The parameters used with the primitives exchange between the ACM and the CTRC are
descriped Table 40.

Tlable 46 — Parameters used with primitives exchanged betwe Cc nd\STRC

Parameter name Description \ \ )

ACM_$tatus Status indicating the results < \ \ >
pLPDY SDU of AMC AN\ YO\

Speediclass Speed class indicating Time-criticﬁﬁy@h‘@t}ﬁgns w

7.1.5.4 ACM state table

The s{ate transition diagram is shown

Power-

DLE‘/ﬂ—

'y 6,7,89,10,12 14,17

1
A 4

15
> ACTIVE_IDLE /<
46 44 45

25,26,30,32,33,34,35,36

A
27
2 \ 4 Q
NEXT_CYCLE 2 37 /

CHECK_TOKEN

- 38304041
242931 | Q\Q
43
USE_TOKEN /

Figure 23 — State transition diagram of ACM
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The state “OFFLINE” is entered on power-up or when DLM-Reset.request primitive is issued.
In this state, all of the variables, parameters and configuration information are set up by the

DLE. When "In_Ring_Desire" becomes true, the state changes to “IDLE".

The state "IDLE" is to wait and be ready to join the Type 11 fieldbus membership. When a
SYN DLPDU has been received from another SYN node, the state change to “ENTER” in
which the REQ DLPDU is sent to claim adding into the Type 11 fieldbus membership to the
current SYN node. Moreover, in “IDLE” state, when the signals over the transmission media
continues to be inactive during a specified time period, the state becomes “CLAIM”, in which
the node attempts to be a new SYN node.

The sta
obtain
node

receivi

The s
the d

changes to “USE_TOKEN".

The 9
transn
token

The s

The A

tate “USE_TOKEN” is that the node is ab}e to s&

nission data and the Sporadic transmission d
holding time is expired, the state changes

Time-critical
as been sent

cyclic
or the

Curren <§\§te

Event
Icondition
actions

Next State

Any states

QNRESET

OFFLINE

K -
%Desired = "True"
=>
START_TIMER ( T(SL), V(SL) )

IDLE

=N

C_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = SYN &&
RMSDU.PN = V(TN) &&
V (LL)<V(TN)> =0
=> -- receiving SYN frame and LL this node not live --
SYN_frame := RMSDU

ENTER

VEN—1

START_TIMER ( T(SL), V(SL))

IDLE

EXPIRED_TIMER ( T(SL) ) = "True"
=>
RMSDU := BUILD_PDU ( CLM )
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))

CLAIM

IDLE

RMC_RECV_DATA.ind { RMSDU }

/

=> -- receiving a frame except the above --
START_TIMER ( T(SL), V(SL) )

IDLE

ENTER

V(LL)<V(LN)> = 1 &&
V(LN) <> V(TN)
=>

START_TIMER ( T(SCMP), V(Tsl) )

ENTER
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Current state

Event
/Icondition
—=actions

Next State

ENTER

V(LL)<V(LN)> = 0 &&
V(LN) <> V(MN)
=>

V(LN)++

ENTER

ENTER

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = CMP &&

V(LN) = V(MN)

=> -- Live Node = Maximum Node No. --
RMSDU := BUILD_PDU ( REQ)
RMC SEND DATA.req { RMSDU }

ENTER

START_TIMER ( T(SL), V(SL))

ENTER

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = CMP &&

V(LN) <> V(MN)

=> -- Live Node less than Maximum Node No. --

V(LN)++ (\

START_TIMER ( T(SL), V(SL) )

10

ENTER

RMC_SEND_DATA.conf{}
=>
( none)

11

ENTER

RMC_RECV_DATA.ind { RMSDU/}
&& FC = SYN
/'V (LL)<V(TN)> =1 G
=>
SYN_frame :S RMSDU
V(LN) :=1
START_TIMER SLNV(SL).)

CTIVE_IDLE

12

ENTER

ENTER

13

ENTER

EXPIRED T|ME§(T® S
e,

IDLE

14

CLAIM <>

ER ( T(SL), V(SL))

CLAIM

15

CLAI

RN%%END_DATA.COM 0
/ CHECK_COL () = "False" &&
Il_Slot_Time = V(MN)

V(LL) = 0
V(LL)<V(TN)> := 1
RMSDU := BUILD_PDU ( SYN )
SYN_frame := RMSDU
RMC_SEND_DATA.req { RMSDU }

ACTIVE_IDLE

START _TIMER ( T(3L), V(SL))

16

CLAIM

RMC_SEND_DATA.conf { }
/ CHECK_COL () = "True"
=>

START_TIMER ( T(SL), V(SL))

IDLE

17

CLAIM

RMC_RECV_DATA.ind { RMSDU }
=> -- receiving a frame except the above --
START_TIMER ( T(SL), V(SL) )

CLAIM

18

CLAIM

EXPIRED_TIMER ( T(SL) ) = "True"
=> -- Expired Silence Timer --

START_TIMER ( T(SL), V(SL) )

IDLE
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Current state

Event
/Icondition
—=actions

Next State

19

ACTIVE_IDLE

RMC_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = SYN
=> -- receiving SYN frame--
SYN_frame := RMSDU
V(LL) := SYN_frame.LL
V(LN) :=1

CHECK_TOKEN

20

ACTIVE_IDLE

RMC_RECV_DATA.conf { RMSDU }
/ RMSDU.FC = SYN
=> -- sent SYN frame--

SYN mode := "True"

CHECK_TOKEN

V(LN) = 1

21

ACTIVE_IDLE

RMC_RECV_DATA.conf { RMSDU }

/ RMSDU.FC = DT

=> -- sending DT frame--
ACM_RECV_DATA.ind { RMSDU }
START_TIMER ( T(SL), V(SL))

VAN
,Q(CTNE_

22

ACTIVE_IDLE

RMC_RECV_DATA.conf { RMSDU }

/ RMSDU.FC <> Type 11 fieldbus FRAM

=> -- Receiving SPORADIC Frame --
ACM_RECV_DATA.ind { RMSDU }
START_TIMER ( T(SL), V(SL) )

A Tl\k\@k

23

ACTIVE_IDLE

EXPIRED TIMER ( T(SL) ) = "Tr e"

=> -- expired Sience Ti
SYN_mode : "Fa "
START TIME

IDLE

24

CHECK_TOKEN

/ V(LL)<V(TN)>
_V(LN) = V(TN)

N

USE_TOKEN

25

CHECK_'@

AN

V(LL) N)>
V(L <> TN)

RT (SCMP), V(Tsl ))

CHECK_TOKEN

26

CHECK_TQKE

Vv LN)>
V(L <> N)

V(RN +

CHECK_TOKEN

27

H EN

(LN) = V(MN) &&
YN_frame .PN = V(TN) &&
SYN_mode = "False"
=> -- Non-SYN mode, on MAC control time --
IF Required COM frame
THEN
RMSDU := BUILD_PDU (COM)

ACTIVE_IDLE

RMC_SEND _DATA.req { RMSDU}
START_TIMER ( T(SL), V(SL))
ENDIF

28

CHECK_TOKEN

/V(LN) = V(MN) &&
SYN_frame .PN <> V(TN) &&
SYN_mode = "True"

=> --in SYN mode, on MAC control time --
START_TIMER (T(MAC), V(MAC) )

NEXT_CYCLE
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Current state

Event
/Icondition
—=actions

Next State

29

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = CMP &&
V(LN)++ = V(TN)

=> -- Get token --

-- matching V(LN) and on receiving CMP frame --
STOP_TIMER (T(SCMP))
Speed-class := 3 -- High Priority
START_TOKEN_HOLD_TIMER ()
SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL))

USE_TOKEN

30

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = CMP &&
V(LN)++ <> V(TN)

=>

-- not matching V(LN) and on receiving CMP frame
START_TIMER ( T(SCMP), V(Tsl) )

C “TOKEN

31

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = DT-CMP &&
V(LN)++ = V(TN)

=>
-- matching V(LN) and on receivin ame x
Speed-class := 3 -- High Priorit

EW
R

32

CHECK_TOKEN

CHECK_TOKEN

33

CHECK_TOKEN

O

CHECK_TOKEN

34

CHECK_TOK

DATA conf { RMSDU }

U.FC <> Type-11 fieldbus FRAME
ivind SPORADIC Frame --

TART, TIMER ( T(SL), V(SL))

CHECK_TOKEN

35

EXPI\F{ED_TIMER (T(SCMP) )
/

V(LN)++
if SYN_mode = "True"
then

MAINT_LL( V(LN))
endif

CHECK_TOKEN

START_TIMER ( T(SL), V(SL))

36

CHECK_TOKEN

RMC_SEND_DATA.conf { RMSDU }

/ RMSDU.FC = CMP

=> -- sending CMP frame--
V(LN)++

CHECK_TOKEN

37

CHECK_TOKEN

EXPIRED_TIMER ( T(SL) ) = "True"

/

=> -- expired Silence Timer -
SYN_mode := "False"
START_TIMER ( T(SL), V(SL) )

IDLE

38

USE_TOKEN

ACM_SEND_DATA.req { DLPDU }

/

=> -- send DT or Sporadic frame --
RMPDU := BUILD_PDU ( DLPDU )
RMC_SEND_DATA.req { DLPDU }
START_TIMER ( T(SL), V(SL) )

USE_TOKEN
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Current state

Event
/Icondition
—=actions

Next State

39

USE_TOKEN

RMC_SEND_DATA.conf { RMC-status }
/ (DLPDU.FC = DT ) || (DLPDU.FC <> Type-11
fieldbus &&
EXPIRED_TIMER ( T(ATHT) ) = "False"
=>
ACM_SEND_DATA.conf { RMC-status }
SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL))

USE_TOKEN

40

USE_TOKEN

RMC_SEND_DATA.conf { RMC-status }
/ (DLPDU.FC = DT) || (DLPDU.FC <> Type-11

USE_TOKEN

fieldbus ) &&
EXPIRED_TIMER ( T(ATHT) ) = "True" &&
Speed-class <> 0

=> -- Expired THT, Next Speed class --
ACM_SEND_DATA.conf { RMC-status }
Speed-class := Speed-class -1
START_THT ( Speed-class )
START_TTRT (Speed-class )
SEND_ ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL))

NN

\

K

41

USE_TOKEN

ACM_SEND_DATA.req { NIL }
| Speed-class <> 0
=> -- Next Speed-class --

X

“USE/TOKEN

42

USE_TOKEN

N

CHECK_TOKEN

43

USE_TOK%i

Qs

T(SL), V(SL))

IDLE

44

NEXT cvé\\

/EWMER T(MAC) ) = "True"

ACTIVE_IDLE

45

NEXT YCLE

IO RECV_DATA.ind { RMSDU }

RM
RMSDU.FC = REQ
=> -- receiving REQ from non-SYN node --
V(LL)<RMSDU.SN> := 1

RMSDU := BUILD_PDU (SYN )
RMC_SEND_DATA.req { RMSDU }
SYN_frame := RMSDU

START_TIMER ( T(SL), V(SL))

ACTIVE_IDLE

46

NEXT_CYCLE

EXPIRED_TIMER ( T(SL) ) = "True"

/

=> -- expired Silence Timer -
SYN_mode := "False"

START_TIMER ( T(SL), V(SL) )

IDLE

7.1.5.5

Functions used by ACM

All the functions used by the ACM are summarized in Table 48.
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Table 48 — ACM function table

7.1.6 |[Redundancy medium control (RMC)
7.1.6. Overview

The redundancy medium control (RMC)K\mahage

Function name Input Output Operation

BUILD_PDU FC RMSDU According to requested FC(Frame Control),
assemble the Type-11 fieldbus frame

EXPIRED_TIMER T(x) True/False When requested timer x has expired, “True” is
returned, otherwise False is returned

MAINT_LL V(LN) (none) The node specified V(LN) is read when T(SCMP)
expired. When T(SCMP) expires all at number-of-
times continuation of C(ASCMP) in the past, the
corresponding bit of V(LL) is cleared

START_TIMER T(x), (none) Timer x is set by value of y, is activated

V(y)

START_THT Speed-class (none) T(ATHT) is activated a ord\i‘ng othe VI{TRT|)
remaining value of AgCessxclass\spesified Bpeed-
class

START_TTRT Speed-class (none) T(ATTRT) is activated _agcording\o the\V(TTR[T)
value of Accessiclass specified by Spe€d-clags

STOR TIMER T(x) (none) Timer x i(@wd\ \

A

dgn of two inputs from two RX

framefs, and moreover of two outputs

interryption of higher-level data transf

a) When the DLPDUs are re
symbol requests tg f
the transmission

b) If|a couisio® :
trgnsmission dia

immediately andK theNJAM

srializers for reliable support, without

octet
oth of

f two
ppped

ified by ISO/IEC 8802-3 is sent for the next DLPDU

repdy to be on another transmission medium, no collision happens,
the data tr ansmission medium is continued without interruption;

c) The RMG selet outputs from the Octet deserializers. The selection is on first-
come’ba & out error, and the RMC submits octets of frame to the ACM;

d) THe RM nction purposely to select and designate one of two input$ from
twp RX fra his function is managed according to the value of the RMSEL pargmeter
in|the GW field_of the received SYN DLPDU. The relationship between the reddndant
medium/selection and the value of the RMSEL parameter is specified in 6.2.3.2.1]13. In

the'case of a single medium system the control command by RMSEL is ignored.

7.1.6.2 Primitive definitions

7.1.6.2.1 Primitives exchanged between ACM and RMC

Table 49 shows all of the primitives exchanged between the ACM and the RMC. Table 50
shows the primitives between the RMC and the Serializer /Deserializer; furthermore, the
primitives between the RMC and the Ph-layer are shown in Table 51.
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Primitive name Source Associated parameters
RMC_SEND_DATA.req ACM RMSDU
RMC_SEND_DATA.conf RMC RMC-status
RMC_RECV_DATA.ind RMC RMSDU

Table 50 — Primitives exchanged between RMC and serializer / deserializer

Primitive name Source Associated pa;ame{ers
TX_DATA_A.req RMC RMPDU /\&
TX_DATA_B.req RMC RMPDU /\\ &
TX_DATA_A.conf Serializer A Status \ \ )
TX_DATA_B.conf Serializer_B Status
RX_DATA_A.ind Deserializer A | RMPDU, Q\ \

Status \
RX_DATA_B.ind Deserializer_B RMPBU,
Stafus )
Table 51 - Primitives@\i e etweé@l%d Ph-layer

Primitive name S?U%e Associated parameters

PLS_dARRIER_A.indication Ph-lay\;r_A(\ W&EBZSTATUS(ON/ OFF)

PLS_S

IGNAL_A.indication <

S‘I\GE‘\L_STATUS(ERRO R/NO _ERROR)

PLS_O

ATA_VALID_A.indig

Phiayena N
‘P er

DATA_VALID_STATUS(DATA_VALID/DATA_N
ID)

DT VA

PLS_(

ARRIER_A irfdication 0

s

CARRIER_STATUS(CARRIER_ON/CARRIER_

DFF)

PLS_SIGNAL_B. md}sr( Ph@ SIGNAL_STATUS(SIGNAL_ERROR/NO_SIGNAL_ER
\/\ ROR)
PLS_OATA_ VALID .indication h-layer B DATA_VALID_STATUS(DATA_VALID/DATA_NDT_VA
LID)
7.1.6.2. used between RMC and ACM, Ph-layer
Table|52 and show the parameters used for interaction between the RMC and the
ACM or the Ph-layertespectively.
Table 52 — Parameters between RMC and ACM

Parameter name Description
RMSDU Service data unit used between RMC and ACM
RMC-status Status for result of request, condition of receiving etc
TX_ENABLE Enable/Disable control for data transmission
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Table 53 — Parameters between RMC and Ph-layer

Parameter name Description
CARRIER_STATUS Status for condition of carrier signal on or not over medium
SIGNAL_STATUS Status for collision happened
DATA_VALID_STATUS Status for received data available

7.1.6.3 RMC state table

7.1.6.3.1 State table for sending and send arbitration

state table of the RMC sending is shown in Table 54, and furthermor
RMC $end arbitration is shown in Table 55.

RMC_SEND_DATA conf RMC_SEND_DATA req

SEND ARBITRATION

Figure 2 diagram of RMC sending and send arbitration

Figurg 24 shows the state transition diagram of the RMC sending and end arkjtrati rL The

of the
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Table 54 — State table of RMC sending

c t Event
# urren /condition Next state
state .
=actions
1 READY RMC_SEND_DATA.req { RMSDU } TEN_WAIT
/ RMC_STATE <> "TX_ENABLE"
= (no action)
2 READY RMC_SEND_DATA.req { RMSDU } SND_WAIT
/ RMC_STATE = "TX_ENABLE"
> e Under transmission enable
SNDC = TX_DATA_AB ( RMSDU )
3 TEN_WAIT | / RMC-STATE <> "TX_ENABLE" TENJWAIT
= ('no action) aN
4 TEN_WAIT | /RMC_STATE = "TX_ENABLE" SNB_WAIT
> e Channel A into trgnusmission erable
SNDC = TX_DATA_AB (RMSDU) {\
5 | dND_WAIT | TX DATA_A.conf{} X READ|Y
/ SNDC =1
R Transmission complete rough_Channel A
RMC_SEND_DATA.conf { RMC-status := "Success"
6 | dND_WAIT | TX DATA_ B.conf{} \) READ|Y
/ SNDC =1
= e
RMC_SEND_DATA.conf {
7 gND_WAIT | TX_DATA_A.conf{} SND_WAIT
/ SNDC = 2
> s ion c eted on,Channel A but B incomplete
8 gND_WAIT SND_WAIT
smissjon copipleted on Channel B but A incomplete
9 gND_WAIT READ[Y
------- Transmission completed through Channel A
<\\K C(SEND,_DAPA.conf { RMC-status := "fail"}
10 | §Np/ ﬁ\ DATA\B.conf { } READ|Y
c=0
------- Transmission completed through Channel B
MZ~_SEND_DATA.conf { RMC-status := "fail"}
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Table 55 — State table of RMC send arbitration

c t Event
# urren Icondition Next state
state .
—actions
1 READY PLS_CARRIER_A.indication { CARRIER_STATUS ( OFF )} CDB_WAIT
/
> e Carrier Off over medium A
START_TIMER ( T(AIGP,) )
START_TIMER ( T(ARMGP) )
2 READY PLS_CARRIER_B.indication { CARRIER_STATUS ( OFF )} CDA_WAIT
/
> mmmmmemeeen Carrier Off over medium B
START_TIMER ( T(AIGPg) )
START_TIMER ( T(ARMGP) ) A (\
3 dqDB_WAIT EXPIRED_TIMER ( T(AIGPT) ) = "True" @NABLE
/
> mmmmmmmmeeeeeen No transmission from Cha@
4 gqDB_WAIT PLS_CARRIER_B.indication { CARRIER_STATUSA O & CDB_WAIT
/
> e No transmissiof from beth Channel A and

START_TIMER ( T(AIGPg) )
STOP_TIMER ( T(ARMGP) ) N\

}7 A\
5 GDB_WAIT EXPIRED_TIMER ( T(Al . U TX_ENABLE
/
> s et-gap time ed over channel B

6 | DA _WAIT EXPlRED_TlMER(T(ARrﬁP) "Trd \> TX_ENABLE
/
> <\(—>-- - N sm‘ifsi from Channel A
N .

7 gDA_WAIT PLS_ RIER/STATUS ( OFF )} CDB_WAIT

-------------- Inter-packet-gap time elapsed over channel A

8 | qDB_WAIT Q D_NMER ( T(AIGPA) ) = "True" TX_ENABLE

N\

9 TX_EN READ}

a
&

N N N — Signal TX_ENABLE to Sending state machine

NOTE(1 When DWre received from the ACM, the RMC breaks them down into octet symbol requests to
both Qctet\ Serializers so that the DLPDUs are send-out over both of the transmission media A pnd B
simultaneQusly.

NOTE 2 |If a collision has happened while sending-the DLPDUs over one of two transmission media, the data
transmission over which the collision happened is stopped immediately and the JAM signal specified by
ISO/IEC 8802-3 is sent for the next DLPDU ready to be sent. Nevertheless if on another transmission medium, no
collision happens, the data transmission over the transmission medium is continued without interruption.

NOTE 3 If a collision has happened over both transmission media, the JAM signal is sent over both
transmission media. In that case, there happens no re-transmission.

NOTE 4 Both cases of Note 2 and Note 3 are carried out on the basis of DLPDU by the DLE.
NOTE 5 TX_ENABLE signal is actually activated by the later of the expired timing of T(GPA) and T(GPB).

NOTE 6 After one of T(AIGP*) expires and a further wait for T(ARMGP) expires, if not received when the other
T(AIGP*) is expired, the RMC decides the corresponding channel enters into abnormal condition. The
reestablishment from abnormal state is by the expiration signal of the T(AIGP*) received.
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Figure 25 depicts the state transition diagram of the RMC receiving, and the state table of the
RMC receiving is shown in Table 56.

RMC_RECV_DATA.ind

INITIALIZE

Figure 25 — State transition

Table 56 — Statetable fok RMG: receiving

# Current Next|state
state
1 INITIALIZE READ)Y
2 READY READ)Y
3 READY READ)Y
RCVM := DECIDE_RCVM ()
4 EAUTY RA_UATA_A.TNA { RMFUU READ
/ RCVM = MEDIA-A &&
Status := "NORMAL"
=
LAST_RMA := "NORMAL"
RMSDU := RMPDU
RMC_RECV_DATA.ind { RMSDU }
5 READY RX_DATA_A.ind { RMPDU } READY
/ RCVM <> MEDIA-A &&
Status := "NORMAL"
=
LAST_RMA := "NORMAL"
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Event
Icondition
—actions

Current
state

Next state

6 READY RX_DATA_A.ind { RMPDU }
/ Status := "ERROR"
=

LAST_RMA := ERROR
RCVM := DECIDE_RCVM ()

READY

7 READY RX_DATA_B.ind { RMPDU }
/ RCVM = MEDIA-B && Status := "NORMAL" &&
RMPDU = "SYN" frame

=

READY

LAST_RMB := "NORMAL"

RMSDU := RMPDU
RMC_RECV_DATA.ind { RMSDU }
RCVM := DECIDE_RCVM ()

8 | READY RX_DATA_B.ind { RMPDU }
/ RCVM = MEDIA-B &&
Status := "NORMAL"

=

LAST_RMB := "NORMAL"

RMSDU := RMPDU
RMC_RECV_DATA.ind { RMSDU } /\

READ)Y

9 | READY RX_DATA_B.ind { RMPDU }

/ RCVM <> MEDIA-B &&

Status := "NORMAL" G
=

LAST_RMB := "NORMAL"

READ}

10 | READY RX_DATA_A.ind { RMPD
/ Status := "ERROR" %
: -~

READ|

NOTE
NOTE
NOTE
— Reqd
— Regei
— On

—Ifa

eived;

7.1.6.4 Functions used by RMC

The fynctions used by the RMC are summarized in Table 57.
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Table 57 — RMC function table

Function name Description and operation

EXPIRED_TIMER (T(X)) | When the requested timer x has expired, "True" is returned; otherwise, "False" is

returned
FORCE_RCVM (RCS) if RCS:= Force_A

then RCVM := MEDIA-A

endif

if RCS := Force_B

then RCVM = MEDIA-B

if RCS := Automatic

then RCVM := DECIDE_RCVM()

START_TIMER ( v(t) ) Activate the timer specified . STOP_TIMER() forces to stop theti specified and
running. “Expired Timer” event happens at the time that a des|gnatedtimertexp|red

STORT_TIMER(v(t)) Forcibly stop the timer specified

DECIDE_RCVM () Receive-media is selected by "FORCE_RECV", "Man
DLPDU" and is switched on a condition basis of preyi
"Automatic" mode

Switching control is executed in the order of
“Manual-select”, “RMSEL in SYN DLPDU”
mode.

If FORCE_RCVM( RCS := MEDIA
then return MEDIA-A or MEDIA-B f

ut o th Media-A and B at the same time, however it is prohibited
dia banned.
of TX_DATA_A or B. request is returned.

TX_DATA_AB (PDV)

is permitted to send out

h _DATA_A.req{ PDU }
:=sndc + 1
engif
if Media-B is permitted to send out
TX_DATA_B.req { PDU }

sndc := sndc + 1
endif
return sndc

7.2 DLE elements of procedure for loop-architecture
7.21 Overall structure

Figure 26 depicts the overall structure of the DLL. The DLL is composed of control elements
of Cyclic-transmission-TX/RX-control (CTRC), Sporadic-TX/RX-control (STRC), Access-
control-machine (ACM), Redundancy-medium-control (RMC), TX/RX-framer, Octet-serializer /-
deserializer and DLL-management-interface.

The ACM as the primary control element provides the function for deterministic medium
access control cooperating with the CTRC, the STRC and the RMC for reliable and efficient
support both of higher-level connection-mode and connection-less mode data transfer
services.
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The DLL management interface provides DLL management functions.

DL-Data_Req.ind
DL-Buffer_received.ind

DL-Put.req
DL-SPDATAreq DL-Put.conf
DL-SPDATA.conf DL-Get.req
DL-SPDATA.ind DL-Get.conf
DLS-user
DL-layer
Sporadic- Cyclic-
TX/RX-control transmission-
(STRC) TX/RX-control
ACM_SEND_DATA.reqg/conf (CTRC)
ACM_RECV_DATA.ind
SEND_ENABLE.ind 4 RS
4
RM{_SEND_DATA.req/conf A DDA :
RMJ_RECV_DATA.ind | Managemeit |\ i VG
RM(Q_SEND_CF .reg/conf Access-control-machine (ACM ) <“' intel PLE
RMd_SEND_CF.ind N iSO
RM({_SEND_CF_ALL.reg/conf % o
' \> g
TX_DATA.reg/conf Redundancy-medium-caofitr N
RX_PATA_A.ind /\ )
RX_PATA_B.ind )T N £ \ )\/
7
] —~
Serializer RX- TX- RX-
framer-A frén%\ \Qa r-B
/ Desen'alizv\ \T \I \ \£
N\

CERT

> 0ctet-2§ Obet- \|  Octet Octet-
erializer: jaliz serializer-B deserializer-B PLS_CARIER A/ Bind
r'y

PLS |[DATA_A/_B.req N Y PLS_SIGNAL_A/_B.ind
PLS [DATA_A/ Bind 7 \ 1PLS_DATA_VALID_A/_B.nd
MR

Phrl Ring-port-B Ring-port-A / -B

7.2.2

Upon all go
into the OFF LINE state When in OFF LINE the DLE shall not transmlt and shall |gnore any
DLPDU received.

When all the variables for normal DLE operation are set up by the DLM-Set-Value request
primitive, the state is changed from OFF-LINE to STATION MODE CONTROL in which the
DLE shall start normal DL operation.

Figure 27 depicts the DLE state transition.
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Power-Up or DLM-Reset

y
OFF-LINE
y

STATION-mode-control

IDLE

RAVINES
ot

T(SL) exp&

Won in bidding T(SL) expired

QO \//1 1 \_
=10 R ASZn~ - = =y aa v

T(SL) expired

SYN_mode

All transactions

7.2.3
7.2.3.1 Overview

The Cyclic-transmission-
DLSDU received for the Tin

ng the
ACM.

DL-D3ta-Req.indigatior data
transfer from e@D ; pquest
primitive. The DLS? ou e DL-
Data-

Each DLS-
user :E ACM
sendi

DL-Ds ABLE

indication primitive frem the ACM. The Speed-class parameter in SEND_ENABLE indication
primitjve allows the CTRC to activate transfer of corresponding class of data—buffer by the
DLS-Jser/ The classes designated by the Speed-class parameter correspond to the classes
of High-speed-cyclic-data and Medium-speed-cyclic-data transfer.

The data transfer of each Speed-class designated is dependant on the level of transfer
priority:

a) As for priority-class 3, which corresponds to the High-speed-cyclic-data transfer, when
received SEND_ENABLE indication primitive, the CTRC shall handle all of the data of
every DLS-user buffer corresponding to the High-speed-cyclic-data transfer or the High-
speed-class is to be delivered to the ACM and to be sent on the transmission medium all
at once on each occasion;

b) As for the priority-class 2, which corresponds to the Medium-speed-cyclic-data transfer or
the Medium-speed-class respectively, the CTRC shall handle on each occasion the data
of every DLS-user buffer corresponding to the Medium-speed-class is sent or not
depending on the condition. The token-holding-time of priority-class 2 governs the
condition. After sending out all the High-speed-cyclic-data, the Medium-speed-cyclic-data
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is sent. If the token-holding- time ends during sending the Medium-speed-cyclic-data, the
data transfer is interrupted and the CMP DLPDU or the DT-CMP DLPDU is sent at the
occasion. On the next occasion, the remainder of the previous Medium-speed-cyclic-data
is to be sent depending on the same condition. As for the Lower priority-class 1, the same
control as for the Medium-speed-cyclic- data transfer is to be done. The occasion happens
every V(TSYN) time period.

NOTE CP 11/2 shall support 3 classes of the Speed-class. The Speed-class 3 is for the High-speed-cyclic-data

transfer, the Speed-class 2 is for the Medium-speed-cyclic-data transfer and the Speed-class 1 is for the Sporadic-
message-data transfer.

When the ACM_RECV_DATA indication primitive has been received from the ACM, the CTRC
stores the DLPDU by the ACM |nto each receive- buffer which is addressed W|th the DLCEP-

identiffe ssues
DL-BJffer- recelved |nd|cat|on pr|m|t|ve to inform the DLS user the receive buffe of the DLE is
updated and is available to read out. The DLS-user can read out the d i buffer
using |IDL-Get request primitive in response to DL-Buffer-received indigati iti m the
CTRC.

7.2.3.2 Primitive definitions
7.2.3.21 Primitives exchanged between DLS-user and

and the primitives
star<architecture, and are

The primitives exchanged between the DLS-uség
exchanged between the CTRC and the ACM
summiarized in Table 58 and Table 59 pecti

Table 58 — Primitives exchan ser and CTRC

Primitive name S(Qurce’\ > Associated parameters

DL-Dafa-Req.ind ( /C'TRS\\ QO D‘Lcﬁp-identifier

DL-Pul.req \ DL-user DLCEP-identifier,
LSDU-length,
DLSDU

DL-Puf.conf Q RC DLCEP-identifier,
Status
N

DL-Buffer-received. | CTI%C&] DLCEP-identifier
DL-Ge}.req \B-Er(ser DLCEP-identifier
DL-Get.conf CTRC DLCEP-identifier,

DLSDU-length,

DLSDU,
Status
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Table 59 — Primitives exchanged between CTRC and ACM

Primitive name Source Associated parameters
SEND_ENABLE.ind ACM Speed-class
ACM_SEND_DATA.req CTRC DLPDU
ACM_SEND_DATA.conf ACM Status
ACM_RECV_DATA.ind ACM DLPDU
7.2.3.2.2 Parameter with primitiv xchan ween DL TRC

The pprameters used for interaction between the DLS-user and the CT
Table|60.

Table 60 — Parameters used with primitives exchanged between D

are symmariged in

TRC

Parameter name /es\cr tion \ \

DLCER-identifier Identifier to designate the Send- ffer er)imffer

DLSDUY The contents of the Send-Buffer oxthé ecelve uffer, which is thg Time-
critical- cyclic-data pro ess y thexCTR

DLSDU-length The length of DLSBU \// AN \

Speedtclass design@te th clags/%)f Time-critical-cyclic-data

yclic-

for the High-speed-cyclic-data is 3, apd is 2

Status \f@ert %uested service is successfully provided or
falled ere ified

7.2.3.

The s
is sho

1,2,3,4,5,6,7,8,9,10

RQ is depicted in Figure 28, and the CTRC statg table

ACM_SEND_DATA.req / conf
ACM_RECV_DATA.ind
SEND_ENABLE.ind

Figure 28 — State transition diagram of CTRC
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Table 61 — CTRC state table

=>

NEXT (Speed-class )

c t Event
# urren Icondition Next state
state .
=>actions
1 | READY DL-Put.req { DLCEP-identifier, DLSDU-length, DLSDU } READY
/ CHECK_PAR_PUT ( DLCEP-identifier, DLSDU ) = "True"
=>
Status := “success”
PUT_BUFFER ( DLCEP-identifier, DLSDU )
DL-Put.conf { DLCEP-identifier, DLSDU-length, Status }
2 | READY DL-Put.req { DLCEP-identifier, DLSDU-length, DLSDU } READY
[ CHECK_PAR_PUT ( DLCEP-identifier, DLSDU ) = "False”
=>
Status := “failure”
DL-Put.conf { DLCEP-identifier, DLSDU-length, Status }
3 | READY DL-Get.req { DLCEP-identifier } READY
/ CHECK_PAR_GET ( DLCEP-identifier ) = "True"
=>
Status := “success”
DLSDU := GET_BUFFER ( DLCEP-identifier )
DL-Get.conf { DLCEP-identifier, DLSDU-length, DBSDU, St tum
4 | READY DL-Get.req { DLCEP-identifier } N READY
/ CHECK_PAR_GET (DLCEP-identifier) = "Halse/
=>
Status := “failure”
DLSDU := “null”
DL-Get.conf { DLCEP-idaptifie SDU-lgngth; DLSBY, tus }
5 | READY SEND_ENABLE.ind { Speed- N READY
| Speed-class <> "SPORA
CHECK_NEXT_SEND ( e"
6 | READY READY
DIC»&&
d-class ) = "False"
ND RATAs null} e no data remained to send out
7 | READY CVN\DATAyind { DLPDU } READY
/ ’SPORADIC" &&
_RAR_DT (DLPDU) = “True”
N
identifier := DLPDU.DLCEP-address
DL-Buffer-received.ind { DLCEP-identifier }
8 | READY ABM{RECV_DATA.ind {DLPDU } READY
| Speed-class <> "SPORADIC" &&
CHECK PAR DT (DLPDU ) = “False”
=>
none
9 | READY ACM_SEND_DATA.conf{} READY
/ DLPDU <> “null”
=>
none
10 | READY ACM_SEND_DATA.conf{} READY
/ DLPDU = "null”

7.2.3.4 Functions used by CTRC

All functions of the CTRC are summarized in Table 62.
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Table 62 — CTRC functions table
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Function Name Input Output Operation
CHECK_PAR_PUT DLCEP-identifier, True/False | Check that all the parameters of DL-Put.req primitive
DLSDU are valid. If valid, “True” is returned, otherwise
“False” is returned
PUT_BUFFER DLCEP-identifier, (none) Store DLSDU into the Send-buffer associated with
DLSDU the DLCEP-identifier
CHECK_PAR_GET DLCEP-identifier True/False | Check that DLCEP-identifier of DL-Get.req primitive
is valid. If valid, “True” is returned
GET [BUFFER DCCEP-identitier DLCSDU Get DLCSDU i the butter associated with DLCEP-
identifier
CHECK_NEXT_SEND | Speed-class True/False | Check that the DLSDU specifie Speed-class
exists. If exists, “True’, eturned, btherfwise [False”
is returned
GET_INEXT_ID Speed-class DLCEP- Get next DLCEPXi tifier of thex DL sMuffer
identifier specified by the\Spee sS
BUILP_DT Speed-class, DLPDU ild i i -
DLCEP-identifier,
DLSDU
LEDDLSDU):= DLSDU
CHECK_PAR_DT DLPDU /Fak\ Check that the DLPDU is valid. If valid, “True’lis
returned, otherwise “False” is returned
JaN
NEXT Spee ass eMat DLSDUs specified by the Speed-class
exist in the Send-buffer . If exist, get the DLCEP-
ntifier of a DLSDU on the Send-buffer, isslie
L_Data_Regq.ind primitive with the obtained
DLCEP-identifier to the DLS-user, and after that,
repeat same sequence with new DLCEP-identffier of
a DLSDU next to the DLSDU designated in th¢
previous sequence. The process shall go in cycles to
all the DLSDUs specified by the Speed-class ¢n the
Send-buffer
7.2.4 Sporadic TX/RX control ( STRC)
7.24.1 Vi
The $poradic=TX/RX>control (STRC) is responsible for buffering and dispatching in time
DLSDU received e Sporadic-message-data between the DLS-user and the ACM.

7.2.4.2— Primitive-definitions
7.24.2.1

Primitives exchanged between DLS-user and STRC

Table 63 shows all primitives exchanged between the DLS-user and the STRC, and Table 64
shows all primitives exchanged between the STRC and the ACM. These primitives are same
as of star-architecture.
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Table 63 — Primitives exchanged between DLS-user and STRC

Primitive name Source Associated parameters
DL-SPDATA.req DLS-user DA,
MSDU
DL-SPDATA.conf DLS-user DA,
Status
DL-SPDATA.ind STRC DA,
SA,
MSDU,
Rec-status

Table 64 — Primitives exchanged between STRC an l%\

N\

Primitive name Source Associ tea\e am%s >
SEND|ENABLE.ind ACM Speed-class ( \ \ \
ACM_$END_DATA req STRC DLPDU /\\ \\ \
ACM_$END_DATA.conf ACM Status
ACM_RECV_DATA.ind ACM DLI76U
7.2.4.2.2 Parameters used with an eo@t n DLS-user and STRC
All pafameters used with primitives exchanged bs &n the -user and the STRC is $shown
in Tahle 65. The parameters are same/as of sta sture

Tahle 65 - Parameterw % nged between DLS-user and STRC

Parameter nam (\ \_/ Description
DA /\ x > \Qesmtmac&ress
SA \/\ S&\ce-}%dress
MSDU AN\ MAD-sefuice-data-unit
Status \quiéte whether the requested service of DL-SPDATA.req is successfully

/\ provided or failed for the reason specified
Rec-stptus \ \ \ Indicates whether the DLPDU had received without error or not

DLPDY \ \ \ X DLPDU for Sporadic-message-transfer
X

Speed

class

Speed-class requested by DLS-user. In Sporadic-message-transfer
service, Speed-class is specified as “Sporadic” or “Class 1”

7.2.4.3—STRCstate tabte

The state transition diagram of the STRC is depicted in Figure 29, and the STC state table is
shown in Table 66.
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DL_SPDATA.req
DL_SPDATA.conf

DL_SPDATA.indi \

1,2,3,4,5,6,7

ACM_SEND_DATA.req / conf
ACM_RECV_DATA.ind
SEND_ENABLE.ind

Figure 29 — State transition diagram of STRC

Table 66 — STRC state table

c t Event \
M urren /condition @ Next [state
state . \
=>actions
1 READY DL-SPDATA.req { DA, MSDU } N REAQOY
/ CHECK_PAR_SPDATA ( DA, MSDU ) = "Tfue"
CHECK_SPDATAQ () <> "Full"
=>
QUEUE_SPDATA ( DA, MSDU ) G
DL-SPDATA.confirm { DA, MSRU,\Status\;= "sutcess*’}
2 READY DL-SPDATA.req { DA, MSDU REAQOY
/ CHECK_PAR_SPDATA ( PA, MSDU
CHECK_SPDATAQ () = '\Full"
=>
Status :=/Faiture h %
DL-SPDATA.co DA, M
3 READY REAQOY
4 READY REAQY

: UE_SPDATA ()
PDU :2BUILD_SPDATA ( DA, MSDU )
AGCM.SEN]D DATA.req { DLPDU }

5 | READY wEND_DATA.conf 0 REAQY
=>

v

none

6 EADY ACM_RECV_DATA.ind { DLPDU } READY
/ Speed-class = "SPORADIC" &&

CHECK_RECV_SPDATA ( DLPDU ) = “True”
=>

DL-SPDATA.ind { DLPDU }

7 | READY ACM_RECV_DATA.ind { DLPDU } READY
/ Speed-class = "SPORADIC" &&
CHECK_RECV_SPDATA ( DLPDU ) = “False”
=>
none

7.2.4.4 Functions used by STRC

All functions of the STRC are summarized in Table 67.
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Table 67 — STRC functions table

Function name Input Output Operation
CHECK_PAR_SPDATA | DA, True/False Check that all the parameters of DL-SPDATA.req
MSDU are valid. If valid, "True" is returned, otherwise
“False” is returned
CHECK_SPDATAQ (none) Status Check that the queue condition for SPDATA is full.

The returned status is any one of "Full", "Empty"
and "Queued"

QUEUE_SPDATA DA, (none) Queues the input data into the SPDATA-queue on
MSDU First-In-First-Out basis
DEthEUE_SPDATA (none) DA, Dequeue from the SPDATA, on First=In-First-
MSDU Out basis ({‘U‘eu\
BUILD_SPDATA DA, DLPDU Build into a DLPDU of radi a. The
MSDU DLPDU is assembled’a .
DLPDU.DA
DLPDU.SA : V(
DLPDU.Len/
DLPDU

CHEGK_RCV_SPDATA | DLPDU True/False Chegk-that e;\§§m ngiﬁﬁlsvandlfvnm,
“TyGe” is return herwise “False” is returned

7.2.5| Access control machine (A

O

7.2.5.1 Overview

The eterministic medium-access-gontrol

and s¢ or control to add and remove podes

and fq i i down.

The A

a) a fully utilizes its assigned access time period;

b) a ot interfere with the transmissions of other nodes,
e

c) d , and initiating the SYN DLPDU transmit for restoration |of the
n r prescribed time duration in which the SYN DLPDU |is not
h

d) a adding to and removing from the network

7.2.5. : e schedule support functions

The ACW, functions schedule all communications between the DLEs participating [n the

Type . L ) Lo ;

a) fulfill the specific medium-access-control to give all the DLEs the opportunities to send out
two kinds of class of the Time-critical-cyclic data and Sporadic-message data in timely,
prioritized and deterministic fashion, and to detect the network disruption, and to initiate
the restoration in appropriate time, and further to add and remove the nodes on line;

b) provide 2 levels of the Time-critical-data-transfer opportunities of sending data to the node
in sequential order and within each pre-specified time period, and that the data transfer of
each level is performed within the pre-specified time duration (token holding time) and
whether the data transfer of lower levels to be carried out or to be held over to the later
cyclic time period depends on the level and the occasion though the top level of the data
transfer is always carried out at every occasion, on the other hand, the whole volume of
the data transfer of lower levels is transferred within each pre-specified time period;

c) provide the sporadic-message-data-transfer opportunities of sending out to the node that
the request to transfer is happened sporadically by the DLS-user, and the data transfer is
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performed within a pre-specified time period of the corresponding level of priority and is
based on the regular ISO/IEC 8802-3 applications.

7.2.5.3 Primitive definitions

7.2.5.3.1

Primitives exchanged between ACM and RMC

Table 68 lists all primitives and Table 69 shows the parameters used with the primitives
exchanged between the ACM and the RMC.

Table 68 — Primitives exchanged between ACM and RMC

Primitive name Source Associated pa}a‘me{ers
RMC_BEND_DATA.req ACM RMSDU A
RMC_BEND_DATA.conf RMC RMC-status /\\ \
RMC_RECV_DATA.ind RMC RMSDU \ \/
RMC_BEND_CF.req ACM RMSDU < \ \ >
RMC_BEND_CF.conf RMC RMC-statuZ/\\ \\ \
RMC_$END_CF.ind RMC RMC-status_ g \\/
RMC_BEND_CF_ALL.req ACM RMF(DU/-\ >
RMC_$END_CF_ALL.conf RMC /Ryl\?@tét)/s '\

Table 69 — Parameters used with

ri

7

%g&h;ggd/&\eiveen ACM and RM(

Parameter name \ (\ Desxription
RMSD SBU of RS, \ | 30 L D
RMC-dtatus [\ \S{attﬁincp@tiWSUIts)}qhe request to RMC
7.2.5.8.
Table hitives
excha

mitives exchanged between ACM and CTRC

Source Associated parameters
SEND__ENABLE}M\ ACM Speed-class
ACM_SEND_DATA.req CTRC DLPDU
ACM_BEND DATA.conf ACM ACM-status
ACM_RECV_DATA.ind ACM DLPDU

Table 71 — Parameters used with primitives exchanged between ACM and CTRC

Parameter name

Description

ACM-status

Status indicating the results of the request to ACM

DLPDU SDU of ACM

Speed-class

Speed-class indicating Time-critical Cyclic-data-transmission
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7.2.5.3.3 Primitives exchanged between ACM and STRC

Table 72 lists all primitives and Table 73 shows the parameters used with the primitives
exchanged between the ACM and the STRC.

Table 72 - Primitives exchanged between ACM and STRC

Primitive name Source Associated parameters
SEND_ENABLE.ind ACM Speed-class
ACM_SEND_DATA.req STRC DLPDU
ACM_$ENB—-BATA-conf AGM Status
ACM_SEND_DATA.ind ACM DLPDU

N

Tlable 73 — Parameters used with primitives exchanged bet@\ MNand\ST

Parameter name Descri/&ti&\ \ \ \/
ACM-$tatus Status indicating the results of the re@tMQM\ \
NN

DLPDUY SDU of AMC

Speediclass Speed class indicating Time-cﬁtica@clic}\ta W%sion

7.2.5.4 ACM state table

)

The sfate transition diagram is shown iy
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ACM_SEND_DATA.req / conf

The s
In this
DLE.

The s
DLPD
REQ I

ACM_RECV_DATAind ... I
SEND_ENABLE.ind
Power-On 1
or Reset OFFLINE
2 l 6
A
> IDLE a
Y 4
sHs 8-9-46-#
A4
ENTER
14 27,28, 29, 30

\ 2

v
31 > \Q
ACTIVE_IDLE
68 55, 57, 62, 63, _ 4/3‘
64,65,66,67,69  24,2526| 44,45 ’
A

y

A\ 46

NEXT_CYCLE CHECK_TOKEN
35, 36, 37 U
™ 38 0 N1 53 4748, 49, 52
A A Q ’ ’
54

56, 58, 59, 60, 61

RMC_SEND_DATA.req/ conf

RMC_RECV_DATA.ind

RMC_SEND_CF.req/ conf/ind

RMC_SEND_CF_ALL.req/ conf

U hassbeenreceived from another SYN-node, the state change to “ENTER” in whi
DLPDU is sent to claim adding into the type 11 fieldbus membership to the current

sued.
by the

b SYN
ch the
SYN-

node.

Moreover, in “IDLE” state, when the signals over the transmission-media contin

hes to

be inactive during a specified time period, the state becomes “CLAIM”, in which the node
attempts to be a new SYN-node.

The state “ACTIVE_IDLE” is in the type 11 fieldbus membership, and the node manages to
obtain the transmission-right by the type 11 fieldbus medium-access-control, either when the
node is operating as the SYN-mode by transmitting the SYN DLPDU or as the non-SYN-mode
receiving the SYN DLPDU by other SYN-node, the state is in “CHECK_TOKEN".

The state “CHECK_TOKEN” waits until V(LN) becomes equal to V(TN) in order to send out
the data over the transmission media. When V(LN) becomes equal to V(TN), the state

chang

es to “USE_TOKEN?”.
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The state “USE_TOKEN” is that the node is able to send out the Time-critical cyclic-
transmission data and the Sporadic-transmission data. When all data has been sent or the
token-holding-time is expired, the state changes to “NEXT_CYCLE".

The state “NEXT_CYCLE” is for solicit new node as a primary function.
The ACM state table is shown in Table 74.

Table 74 — ACM state table

Event
# Current state Icondition Next State
=>actions /\
1 Any states / POWER-ON or RESET §FF

=>

2 OFFLINE / In_RIng_Desired = "True"

ID
=> \/
START_TIMER ( T(SL), V(SL))

3 IDLE RMC_RECV_DATA.ind { RMSDU } ‘ENT R
/ RMSDU.FC = SYN &&

V(LL)=0

V(LN) :=1
START_TIM ( L
4 IDLE / EXPIRED_TIMER( T(SL) N\= "Tre" && CLAIM
V(LL) =0
=> ----sending(out

All_Slot_Time \= V(

g _P

.req M }

~ (SL), V(SL
5 || IDLE ATA.indh{ RMSDU } ACTIVE_IDLE
/ RMSDMFCASYN.8&
V(LK) <>
(LL)<Y(TNY2 = “Frue”

ARD_TIMER ( T(SL), V(SL))

6 L MC_SEND_CF.ind {} IDLE
IY(LL) <> 0 &&
V(LL)<V(TN)> = “True” &&
V(LN) = V(TN)
=> e activate sending out LRR
RMSDU := BUILD_PDU ( LRR)
RMS_SEND_CF.req { RMSDU }
START TIMER (T(SI) \(SI))

7 | IDLE RMS_SEND_CF.conf { } ACTIVE_IDLE
/ RMSDU.FC = LRR
=>
none
8 | ENTER / V(LL)<V(LN)> = 1 && ENTER

V(LN) <> V(TN)
=>

START_TIMER ( T(SCMP), V(SCMP))

9 | ENTER / V(LL)<V(LN)> = 0 && ENTER
V(LN) <> V(MN)
=>

V(LN)++
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Current state

Event
/Icondition
=>actions

Next State

10

ENTER

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = ( CMP || DT-CMP ) &&
V(LN) = V(MN) &&
V(LL)<V(TN)> = “False” &&
SYN_frame.PN = V(TN)

=>
RMSDU := BUILD_PDU (REQ)  ---- send REQ
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))

ENTER

11

ENTER

RMC_RECV_DATA.ind { RMSDU }

ENTER

/ RMSDU.FC = ( CMP || DT-CMP ) &&
V(LN) <> V(MN)

=> -- Live Node less than Maximum Node No. --
V(LN)++

12

ENTER

/ V(LN) = V(MN) &&
V(LL)<V(TN)> = “False” &&
SYN_frame.PN = V(TN)

=>
RMSDU := BUILD_PDU ( REQ)
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))

---4se Q

13

ENTER

RMC_SEND_DATA.conf { }
=>
none (\ /\

>ENTER

14

ENTER

RMC_RECV_
/ RMSDU.FC =

ACTIVE_IDLE

15

ENTER

ENTER

16

ENTER

T(SL) ) = "True"
ce Timer --
(T(SL), V(SL))

IDLE

17

CLAIM

DATA conf{}
HE COL () ="False" &&
A Si6t_Time >0

II _Slot_Time™
START “TIMER ( T(SL), V(SL))
START_TIMER ( T(IGP), V(IGP) )

CLAIM

18

CLAIM

/ EXPIRED_TIMER (T(IGP))="True”
=>
RMSDU-=BUIILD PDU (CIM)

CLAIM

RMC_SEND_DATA.req { RMSD }
START_TIMER ( T(SL), V(SL) )

19

CLAIM

RMC_SEND_DATA.ind {RMSDU}
/ RMSDU.FC = ( SYN || CLM)
=>
START_TIMER ( T(SL), V(SL))
STOP_TIMER ( T(IGP) )

IDLE

20

CLAIM

RMC_SEND_DATA.conf { }
/ CHECK_COL () = "False" &&
All_Slot_Time = 0
=>
All_Slot_Time := V(ST)
V(LL) =0
V(LL)<V(TN)> := 1
RMSDU := BUILD_PDU ( SYN )
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))

ACTIVE_IDLE
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Current state

Event
/Icondition
=>actions

21

CLAIM

RMC_SEND_DATA.conf { }

/ CHECK_COL () = "True"

=>
All_Slot_Time := V(ST)
START_TIMER ( T(SL), V(SL))

IDLE

22

CLAIM

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC <> ( SYN || CLM)

=> -- receiving a frame except SYN, CLM --
START_TIMER ( T(SL), V(SL))

CLAIM

23

CLATVI

EXPIRED_TIMER( T(SLC) ) —
=> -- Expired Silence Timer --
V(LL) :=0
START_TIMER ( T(SL), V(SL))

Irue

24

ACTIVE_IDLE

RMC_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = SYN &&
SYN_mode = “False”
=> --- receiving SYN in non-SYN_mode----
SYN_frame := RMSDU
V(LL) := SYN_frame.LL
V(LN) :=1

25

ACTIVE_IDLE

RMC_RECV_DATA.ind { RMSDU/}
/ RMSDU.FC = SYN &&
SYN_mode = “True”
=> ---Receivin N in
SYN_Frame & R
if SYN_frame.
then

26

ACTIVE_IDLE

A

27

ACTIVE_I

\ I\
EDRECV_DATA.ind { RMSDU }
[ RMSDW.FC # CLM &&

SYN\mode = “True”

SYN/mode ;=0
START_TIMER ( T(SL), V(SL))

ACTIVE_IDLE

28

JR)MC_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = CLM &&
SYN_mode = “False”
=>
none

ACTIVE_IDLE

29

ACTIVE_IDLE

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = ( DT || DT-CMP )

=> -- receiving DT frame--
ACM_RECV_DATA.ind { RMSDU }
START_TIMER ( T(SL), V(SL))

ACTIVE_IDLE

30

ACTIVE_IDLE

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC <> Type-11 fieldbus FRAME

=> -- Receiving SPORADIC Frame --
ACM_RECV_DATA.ind { RMSDU }
START_TIMER ( T(SL), V(SL) )

ACTIVE_IDLE

31

ACTIVE_IDLE

/ EXPIRED_TIMER ( T(SL) ) = "True"

=> -- expired Silence Timer -
SYN_mode := "False"
START_TIMER ( T(SL), V(SL) )

IDLE

Next State

HECK_TOKEN

CHECK_TOKEN
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Current state

Event
/Icondition
=>actions

Next State

32

CHECK_TOKEN

/ V(LL)<V(TN)> = 1 &&
V(LN) = V(TN)

A Get token -----
STOP_TIMER ( T(SCMP) )
Speed-class :=3  ------- Highest-priority-class
START_THT ( Speed-class )
SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL) )

USE_TOKEN

33

CHECK_TOKEN

/ V(LL)<V(LN)> = 1 &&
V(LN) <> V(TN)

CHECK_TOKEN

=>

START_TIMER ( T(SCMP), V(SCMP) )

34

CHECK_TOKEN

/ V(LL)<V(LN)> = 0 &&

V(LN) <> V(MN)
=>
V(LN)++

35

CHECK_TOKEN

/ V(LN) = V(MN) &&
SYN_frame .PN <> V(TN) &&
SYN_mode = "True"

36

CHECK_TOKEN

=> ----in SYN-mode, on MAC-cont ime=perio x
START_TIMER ( T(TMAC), V(TMAC) )
/ V(LN) = V(MN) 8& U

SYN_frame.PN = 255 &&
---send/LPD

RMSDU := BU
RMC_SEND_CF
START_TIME
START_TIME

NEXT_CYCLE

37

CHECK_TOKEN

A

send RAS

NEXT_CYCLE

38

CHECK_T

atching V(LN), on receiving CMP or DT-CMP

STOP_TIMER (T(SCMP))

(ASCMP)<RMSDU.SN> := 0

Speed-class := 3 -- Highest Priority
START_THT ( Speed-class )
SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL))
if RMSDU.FC = DT-CMP

ACM REO\, NDATA o
€

USE_TOKEN

o
e Ao oy oA

endif

39

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = (CMP || DT-CMP ) &&
V(LN)++ <> V(TN)

=>--not matching V(LN).on receiving CMP or DT-CMP
START_TIMER ( T(SCMP), V(SCMP) )
C(ASCMP)<RMSDU.SN>:=0
if RMSDU.FC = DT-CMP
then ACM_RECV_DATA.ind { RMSDU }
endif

CHECK_TOKEN

40

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = DT

=> ---- receiving DT ----
C(ASCMP)<RMSDU.SN> :=0
ACM_RECV_DATA.ind { RMSDU }

START_TIMER ( T(SL), V(SL) )

CHECK_TOKEN
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Current state

Event
/Icondition
=>actions

Next State

41

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC <> Type-11 fieldbus FRAME

=> -- Receiving SPORADIC Frame --
ACM_RECV_DATA.ind { RMSDU }
START_TIMER ( T(SL), V(SL) )

CHECK_TOKEN

42

CHECK_TOKEN

/ EXPIRED_TIMER ( T(SCMP) )
=>
C(ASCMP)<V(LN)>++
V(ANONC)++
if SYN mode = "True"

CHECK_TOKEN

then

MAINT_LL( V(LN))
endif
V(LN)++

43

CHECK_TOKEN

RMC_SEND_DATA.conf{}

/ RMSDU.FC = (CMP || DT-CMP )

=> -- sending CMP frame--
V(LN)++

EC T@

44

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = CLM &&

SYN_mode = “True”
=>

SYN_mode ;=0
START_TIMER/(T SL), V(SL)

N
@EJDLE

45

CHECK_TOKEN

RMC_RECV_BATAYMqd £RMSD( } U
/ RMSDU.FC = BLM &
SYN_mode = “False”

ACTIVE_IDLE

46

CHECK_TOKEN

N

IDLE

47

USE_TOI«@

Sporadic frame --
" PDU ( DLPDU )

USE_TOKEN

48

N\
osE QoReR

C_SEND_DATA.conf { RMC-status }
U.FC = DT || RMSDU.FC <> Type 11

ieldbus )
& EXPIRED_TIMER ( T(ATHT) ) = "False"
>
ACM_SEND_DATA.conf { RMC-status }

SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL))

USE_TOKEN

49

USE_TOKEN

RMC_SEND_DATA.conf { RMC-status }

USE_TOKEN

I (RMSDU.FC =DT || RMSDU.FC <> Type 11

fieldbus )
&& EXPIRED_TIMER ( T(ATHT) ) = "True"
&& Speed-class <> 1

=> -- Expired THT, Next Speed class --
ACM_SEND_DATA.conf { RMC-status }
Speed-class := Speed-class — 1
START_THT ( Speed-class )
START_TTRT (Speed-class )
SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(SL), V(SL) )



https://iecnorm.com/api/?name=e993210845a7645dd01e92a805f24507

- 108 — 61158-4-11 © IEC:2010(E)

Current state

Event
/Icondition
=>actions

Next State

50

USE_TOKEN

RMC_SEND_DATA.conf { RMC-status }

/ (RMSDU.FC = DT || RMSDU.FC <> Type 11

fieldbus )
&& EXPIRED_TIMER ( T(ATHT) ) = "True"
&& Speed-class = 1

=> ---Expired THT and Speed-class =1 -----
ACM_SEND_DATA.conf { RMC-status }
RMSDU := BUILD_PDU ( CMP )
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))

CHECK_TOKEN

51

USE_TOKEN

RMC_SEND_DATA.conf { RMC-status }
/ RMSDU.FC = DT-CMP
=>

ACM_SEND_DATA.conf { RMC-status }

STOP_TIMER ( T(ATHT) )

Speed-class := Speed-class — 1

if Speed-class = 2

then

START_TTRT ( Speed-class )

START_TTRT ( Speed-class —1)
else if Speed-class = 1

C

“TOKEN

52

USE_TOKEN

ACM_SEND_DATA.req { nul
/Speed -class <34
=> -- Next Speg€d-chass
Speed-class :
START_THT (S
START_TTRT
SEND_ENAB
START_TIME

then START_TTRT ( Speed-cl;zs/)\
endif \)/_\

USE_TOKEN

53

USE_TOKEN

O

CHECK_TOKEN

54

USE_TOKEN

IRE TW(SL) = "True"

-- expired Bilence Timer -
mode”:= "False"
TIMER ( T(SL), V(SL) )

IDLE

55

T\CY E\ RMCVSEND_CF_ALL.conf { }
RMSDU.FC = LPD
none

ACTIVE_CYCLE

56

NEXT CYC

RMC_SEND_DATA.conf { }
/ RMSDU.FC = RAS &&
SYN_frame.PN = V(TN) 8&

[<AVAN| da=“T
oo ee €

NEXT_CYCLE

=>

START_TIMER ( T(IGP), V(IGP) )

57

NEXT_CYCLE

RMC_SEND_DATA.conf { }

/ RMSDU.FC = RAS &&
SYN_frame.PN = V(TN) &&
SYN_mode = “False”

=>
if ACM_SEND_DATA.req { COM }
then START_TIMER ( T(IGP), V(IGP) )
else none
endif

ACTIVE_CYCLE

58

NEXT_CYCLE

/EXPIRED_TIMER ( T(IGP) ) = "True" &&
SYN_mode = “False”

=>
RMSDU := BUILD_PDU ( COM) ----send COM
RMC_SEND_DATA.req { RMSDU }

NEXT_CYCLE
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