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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

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

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for s i prising
national electrotechnical committees (IEC National Committees). The obijg i romote
international co-operation on all questions concerning standardlzatlon in the ele trical a iglds. To
this| end and in addition to other activities, ) Qi ifications,

nical Reports, a 3 s “IEC
Publication(s)”). Their preparation is entrusted to technical committees; ap i ittee interested
in fhe subject dealt with may participate in this preparatory work i ) d non-
governmental organizations liaising with the IEC also participate in th Tol closely
itl the International Organization for Standardization (ISO) in 4ccord Wi iti ned by

Thel formal decisions or agreements of IEC on technical mattg ational
congensus of opinion on the relevant subjects since eac rom all

IEC| Publications have the form of recommréndationg”far int i ational
Committees in that sense. While all reasonable\eff e of IEC
Publications is accurate, € \ for any

rder to promote international uniformity, IE i il cations
sparently to the maximu si Rei ati i icati . ivgrgence
veen any |IEC Publicatiop’and the corre ing i 3 i icati indi¢ated in

provides no marking\ proce di i or any

6) All yisers should

7) No liability shall a mployees, servants or agents including individual expdrts and
merbers of its tec ational Committees for any personal injury, property damage or
othg¢r damage of an) whether direct or indirect, or for costs (including legal fe¢s) and
expenses arising\out \of ublicati use of, or reliance upon, this IEC Publication or any othler IEC

Publications,
8) Attgntion_is drawn {0 ) ativé references cited in this publication. Use of the referenced publicafions is
indippernsa he correct application of this publication.

NOTE |Use ofs \ 6ciated protocol types is restricted by their intellectual-property-right holderp. In all
cases, the commitment to Nmited release of intellectual-property-rights made by the holders of those rights permits
a parti¢ular data=link Yayey protocol type to be used with physical layer and application layer protocols in Type
combinptions as specified explicitly in the IEC 61784 series. Use of the various protocol types if other
combinpti@ns may require permission from their respective intellectual-property-right holders.

IEC draws attentionmto the factthatitiscratmedthatcompttance withthis—stamdardmay mvotve theuse of patents
as follows, where the [xx] notation indicates the holder of the patent right:

Type 11 and possibly other Types:
US 4,930,121 [To] Network system using token-passing bus with multiple priority levels
US 5,414,813 [To] Direct transfer from a receive buffer to a host in a token-passing type network
data transmission system

uUsS 6,711,131 [To] Data transmitting apparatus, network interface apparatus, and data
transmitting system

IEC takes no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured IEC that they are willing to negotiate licences under reasonable
and non-discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of
the holders of these patent rights are registered with IEC. Information may be obtained from:
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[To] Toshiba Corporation
1-1, Shibaura 1-Chome
Minato-ku Tokyo 105-8001, Japan
Attention: Intellectual Property Rights Section.

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

International Standard IEC 61158-4-11 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-4 subseries cancel and replace

|EC 611RQ 4-2002 Thic adition of thic nart ~anctitiitne o tachninal Additinn Thic nAart o-nd Its
o o4 o oo o et o Ot S pP ot oSttt e St e e o —a et o —rHhS—patt—J

Type [|1 companion parts also cancel and replace IEC/PAS 62406, publishedin 2005

This edition of IEC 61158-4 includes the following significant chang € previous
edition:

a) ddletion of the former Type 6 fieldbus, and the placeholder fo : dbusdafa link
layer, for lack of market relevance;

b) addition of new types of fieldbuses;
c) diyision of this part into multiple parts numbered -
The tgxt of this standard is based on the following docu

\ A
FDIS( \ (ﬁepo&t onkzg)tinp/
65C/474/FDI \@C/W

Full in ort on
voting
This p
The c H until
the m in the

datar

o re¢

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

The list™of all the parts of the IEC 61158 series, under the general title Industrial
communication networks — Fieldbus specifications, can be tound on the I[EC web site.
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INTRODUCTION

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

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

a) ag a guide for implementors and designers;

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

c) ag part of an agreement for the admittance of systems into the @ ment;
d) ag a refinement to the understanding of time-critical comm

This standard is concerned, in particular, with the communjcatiQ i nsors,
effectprs and other automation devices. By using this stanrd. g dards

positipned within the OSI or fieldbus reference mode S may

work fogether in any combination.

&
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

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

1 Scope

1.1

The dpta-link layer provides basic time-critical messaging communication
an automation environment.

This grotocol provides communication opportunities to all participatiqg

a)
b)

Thus [this protocol can be characterized as one
asynchronously but with a synchronous restart o

1.2

This sftandard specifies

a)

data-link entities.

General

be

een deévices in

in ja synchronously-starting cyclic manner, according to a pre (o) ~ 3 nd

in|a cyclic or acyclic asynchronous manner, as requgsted_each those

Specifications

procedures for the time

ccess

user

enftity to a peer user éntit data-

procedures for gi opportunities to all
seguentially

intervals up t

pr
trg

tion opportunities available for time-critical

participating DL-entities,
eterministic and synchronized transfer at|cyclic

data

e-critical data transmission without prejudice o the

time-critic

pr Ry and acyclic communication opportunities for time-criticgdl data
trg issi i

pr i communication opportunities based on standard ISO/ IEC §802-3

medium access control, with provisions for nodes to be added or removed during normal

the structure of the fieldbus DLPDUs used for the transfer of data and control information
by i ; ] i i i nits.

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 system

through the exchange of DLS primitives;

the interactions between a DLS-provider and a Ph-service provider in the same system

through the exchange of Ph-service primitives.
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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

these
such

This $tandard also specifies conformance requirements for systems i
proceflures. This standard does not contain tests to demonstrate
requirements.

2 Nagrmative references

The fqllowing referenced documents are indispensable for is standand. For

dated|references, only the edition cited applies. For latest edifion of
the re

IEC 6 3-11:
Data-

ISO/IE rence
Mode

ISO/IEC 7498-3, Informativ g \wstems Interconnection — Basic Refeérence
Model| — Basic Referen AT, ? ssing

ISO/IEC 8802-3, qtiont )y — Telecommunications and information
exchange betweens S ) 20d metropolitan area networks — Specific requiremgnts —
Part 3: Carrier sense 1 ith collision detection (CSMA/CD) access method and

Physi¢al Layer sfS

ISO/Ig ~ technology — Open Systems Interconnection — Basic Reference
Mode antR the definition of OSI services

3 Te itions, symbols and abbreviations

For th|e purposes of this standard, the following terms, definitions, symbols and abbrevilations
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.

3.1.1 called-DL-address [7498-3]
3.1.2 calling-DL-address [7498-3]

3.1.3 centralized multi-end-point-connection [7498-1]
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3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
3.1.
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3.1.
3.1.
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.4 correspondent (N)-entities [7498-1]
correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)
5 demultiplexing [7498-1]
6 DL-address [7498-3]
7 DL-address-mapping [7498-1]
8 DL-connection [7498-1]
9 [DLC-connection-end-point [7498-1]
10 DL-connection-end-point-identifier [7498-1]
11 DL-connection-mode transmission 98-1]
14 DL-connectionless-mode transmission [7498-1]
13 DL-data-sink [7498-1]
14 DL-data-source [7498-1]
18 DL-duplex-transmission [7498-1]
1 DL-facility [7498-1]
171 DL-local-view [7498-3]
14 DL-name [7498-3]
19 DL-protocol [7498-1]
20 DL-protocol-connecti = [7498-1]
2 [7498-1]
2 [7498-1]
2 [7498-1]
2 [7498-1]
2 [7498-1]
24 DL-servicesdata-unit [7498-1]
27 DL-simplex-transmission [7498-1]
28 DL-subsystem [7498-1]
29 DL-user-data [7498-1]
30 flow control [7498-1]
31 layer-management [7498-1]
32 multiplexing [7498-3]
33 naming-(addressing)-authority [7498-3]
34 naming-(addressing)-domain [7498-3]
35 naming-(addressing)-subdomain [7498-3]
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3.1.36 (N)-entity [7498-1]
DL-entity
Ph-entity

3.1.37 (N)-interface-data-unit [7498-1]

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

3.1.38 (N)-layer [7498-1]
DL-layer (N=2)
Ph-layer (N=1)

3.1.39 (N)-service [7498-1]
DL-service (N=2)
Ph-service (N=1)

3.1.40 (N)-service-access-point 98-1]
DL-service-access-point (N=2)
Ph-service-access-point (N=1)

3.1.41 (N)-service-access-point-address [7498-1]

DL-service-access-point-address (N=2)

Ph-service-access-point-address (N=1)
3.1.42 peer-entities [7498-1]
3.1.43 Ph-interface-control-informatiq [7498-1]
3.1.44 Ph-interface-data [7498-1]

3.1.45 primitive name [7498-3]
3.1.46 reassembling [7498-1]
3.1.4 recombk@ [7498-1]
3.1.48 reset [7498-1]
3.1.4 [7498-3]
3.1.5 [7498-1]
3.1.5 [7498-1]
3.1.5 [7498-1]
3.1.53 splitting [7498-1]

[7498-3]
3.1.55 systems-management [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:
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3.2.1 acceptor
3.2.2 asymmetrical service

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

3.2.4 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
3.2.19 DL-user-optional-facility

3.2.14 indication (primi
acceptor.delive

3.2.17 muIti-pe<>
3.2.18 request (prin
requestor.suk

3.2.19
3.2.20

3.2.21

3.2.22 symmetrical service

3.3 T initi

3.31

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 DK-enti
layer gntity

Righer-

NOTE | This definition, derived from ISO/IEC 7498-1, is repeated here to f critical

distinctjJon between DLSAPs and their DL-addresses. (See Figure 1.)

cilitate “wide

DLS-user-entity

DLS-user-entity

DLSfusers

DUSAP- \group -~ DLSAP-
addresses address addregs

DL-entity j

DL-lqyer

A

Ph-layet

NOTE 1 DLSAPs and PhSAPs are depicted as ovals spanning the boundary between two adjacent layers.
NOTE 2 DL-addresses are depicted as designating small gaps (points of access) in the DLL portion of a DLSAP.

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

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

3.3.6

DL(SAP)-address

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

NOTE This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-address to
designate more than a single DLSAP at a single DLS-user.
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3.3.7
(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.

3.3.8

extended link

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

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

3.3.9
FCS grror

error that occurs when the computed frame check sequence valu
octets|in a DLPDU does not match the expected residual

bll the

3.3.10
fram
denigfated synonym for DLPDU

3.31
group DL-address

DL-address that potentially designatessmore nk. A
single| DL-entity may have multiple group DL-a AP. A
single| DL-entity also may have a single n one
DLSA
3.31

high-speed cyclic da

data donveyed b@a

3.3.1
high-speed cyclj
highest priority of t

3.3.1
impligit
mechanism

NOTE [No actual tokemumessage is transmitted on the medium. Each node keeps track of the node that it Helieves
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.

3.3.15
low-speed cyclic data
data conveyed by means of low-speed cyclic data transmission

3.3.16
low-speed cyclic data transmission
lowest priority of time-critical cyclic data service

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

3.3.19

multi-peer DLC

centralized multi-end-point DL-connection offering DL-duplex-transmission between a
distinguished DLS-user known as the publisher or publishing DLS-user, and a set of pe

single
er but

undistinguished DLS-users known collectively as the subscribers or subscribing DLS-users.
The publishing DLS-user can send to the subscribing DLS-users as a group (but not

individually), and the subscribing DLS-users can send to the publishing DLS-user (but

not to

ny sul

ciafed with a single node

21 link, whose values are constrained

is specifically used for SYN node, which emits SYN f

scriber

on a

rame.

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

3.3.27
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

3.3.28
SYN node
node transmitting SYN frame
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3.3.29

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

3.3.30
token
right to transmit on the local link

3.4 Symbotsandabbreviations

3.4.1 |ACM Access control machine

3.4.2 |CLM Claim frame

3.4.3 [CMP Transmission complete frame
3.4.4 |ICTRC Cyclic-transmission TX/RX control
3.4.5 |COM Command frame

3.4.6 (DT Cyclic data frame
3.4.7 ([CW
3.4.8 [DT-CMP
3.49 |FC
3.4.10 LL
3.4.11 PM
3.4.14 PN
3.4.13 Pri
3.4.14 RAS
3.4.1§ g request frame
3.4.16

Redundancy medium control

3.4.171 RMSEL Redundant medium selection

3.4.14 “SN Source node number field

3.419 ST Slot time (as parameter of SYN DLPDU)

3.4.20 SYN Synchronization frame

3.4.21 Th High-speed transmission period (as transmission period)
3.422 Tm Medium-speed transmission period (as transmission period)
3.4.23 Ts Sporadic-speed transmission period (as transmission period)

3.4.24 TI Low-speed transmission period (as transmission period)
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4 Overview of the DL-protocol

4.1 General

This standard meets the industrial automation market objective of providing predictable time
deterministic and reliable time-critical data transfer and means, which allow co-existence with
non-time-critical data transfer over the ISO/IEC 8802-3 series communications medium, for
support of cooperation and synchronization between automation processes on field devices in
a real-time application system. 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

411

defined level of certainty.

Field of applications

s and

Actuators, Programmable controllers, Distributed Control Syste < achine

Interfgce devices are required to be connected with control ne

data

as fo

required to provide time-critical response capabilify for theird:
ISO/TR 13283 for time-critical communications archi 3

Plant

system if the network does not provide a\tim
chara¢ i

e deferministic response i

e abjility to share process.data s

This grotocol is applicabl
commjunications

prese
comp

the timhe-window

4.2 Qverview of the

The Tlype-1
that opcur wheg
opporjunity<ef.sending data to each node in a sequential order and within a predeter|

time

fieldblis

hnd the state data is transferred among these field d

bd, water, sewage, paper and steel, including

hce of a ti
lleted with so

ontrol
d the

commjunications between these field devices requires simplicity i slicatiomprogramming
and tq be executed with adequate response time. In mosti stri i

5 such
ork is

irted in

ontrol
owing

ritical
nt the
to be
within
Fisk to

isions

ide the

mined
pe-11

EI:eriod. Figure 2 shows the basic principle of medium access control of the Ty
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\ 4

SYN

SYN CMP1 CMP2 cvPn | [REQ

High-speed DT DT DT
cyclic data 1" 21 n1
Medium-speed I132T DT DT
cyclic data 22 n2

_ DT
Sporadic 13
message data
Lowtspeed '.r4|
cyclc data

€ Ts1 > Ts2

At the start time of every high-speed-transmission-peried
broadgasted to all nodes. Receiving the SYN frame,
sending its data frames, and after that broadcasts i
complietion of its data frames transmission. The/Nth
receiving the CMP frame from the (N-%) %

time period to solicit new nodes begin
inclusjon to the Type-11 fieldbus netwo
at the|time approval to join is granted.

Each hode can hold the trans
transfer the transmission rig
the dgqta to be held ov

Transmission ins [ i
i i

Cyclid data trans
Each jhode sends the
transmission rig

Jata and sporadic Ethernet message transm
igh-, Medium- and Low-speed data transm
data frames on each occasion when it obtains the
. et priorities, that is the Medium-speed cyclic datp, the
sporadli o ssay ata and the Low-speed cyclic data respectively, is sent

is
starts
te the
5 after
s, the
esting
node

dme to

nt and

ssion.
ssion.

pr not
node
pradic
me of
sends
during
ata is

cyclic data and the remamder of the prewous Med|um speed cychc data is sent. Tmac is the

period for a new node sending out REQ frame to enter the network.

4.3 Service assumed from the PhL

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.

4.3.1 Assumed primitives of PhS

The PhS is assumed to provide the following two categories of primitives to the Type 11

DL-protocol.
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a) Service primitives for transmitting and receiving frames to / from other peer DLEs.

b) Service primitives that provide information needed by the local DLE to perform the media

access functions.

The assumed primitives of PhS are grouped into these two categories:

c) Transfer of Data to all other peer DLE
1) PLS_DATA request
2) PLS_DATA indication
d) Media access management by local DLE

1)|PLS_CARRIER indication
2)|PLS_SIGNAL indication
3)|PLS_DATA_VALID indication

The interaction of the PhS primitives to the DLE is shown in Fig

Local node

DLE PhE
PLS_DATA request

PLS "DATA indication

v

PLS{SIGNMdica fon

>

N

4.4 DLL architect

~Intexaction of PhS primitives to DLE

The Type-11 fieldbus, D s_modeled as a combination of control components of Access
Control Machine ransmission TX/RX Control (CTRC), Sporadic TX/RX Jontrol

(STRQ),
interfdce]

ontrol (RMC), Serializer, Deserializer and DLL managgment

The Access.Control Machine as the primary control component provides the functipn for

deterministic.meditm

the Sporadic TX/RX Control and the Redundancy Medium Control for reliable and e
support\of higher-level connection-mode and connectionless data

transfer

se

access control cooperating with the Cyclic-transmission TX/RX Control,

ﬂficient
vices.

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. PhL framing and
delimiters are managed by DLL functions for serializing and deserializing M_symbol requests

and indications.
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The Data-link layer is comprised of the components listed in Table 1.

Table 1 — Data-link layer components

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 in the RMC, receives and
disassembles the DLPDUs with the control information from the RX
framer in the RMC, and determines the timing and duration of the

61158-4-11 © IEC:2007(E)

transmissions

(C

Cyclic transmission TX/RX control

TRC)

Buffers and dispatches in time DLSDU received e time-cyitidal
cyclic data transfer between the DLS-user and the AC

Sporadic TX/RX control (STRC)

Buffers and dispatches in time DLSDU rec 'veh\fo Sp
message data between DLS-user and th/e/)\

Redundancy medium control
(RIMC)

Receives the DLPDUs from the AC

octet symbol requests to the Octe
octets from the octet deserializer i
the ACM. Selects one of two
medium redundancy

TXY/RX framer

from octet seserializer an
RMC

C,\éete s and indicates the

ria

indicates{the s

r, pagses received octet
timing of a DLPDU o

T

(0]

tet serializer

Reéeives\octet s\)\/m ols, e coées)a erializes them, and sendg
themN\as MX\sympols to.the /RhL. It is/also responsible for generatipg
the FC

=]

(0]

tet deserializer

g

Receives symbolstfrom™the PhL, converts M_symbols into octe
and §ends th to the receive machine. It is also responsible for
the FGS

rohee

—_

S

DL

L management intenﬁ

Holds thestation marjagement variables that belong to the DLL, and
@é\ages ronized changes of the link parameters

The in
The a

ternal arr@

'rowheads illus

mpegnents, and their interfaces, are shown in Figure 4.
ction of flow of data and control.
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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 transmission
TXIRX FRX :
control control
ACM_|SEND_DATA. reqg/conf :
ACM_|RECV_DATA.ind :
SEND|_ENABLE.ind ) Y :
> > §
\ 4 A 4 H
Access control machine ahageent é 5
RMC_|[SEND_DATA.reg/conf integfac iS5 E
RMC_|RECV_DATA.ind \\kh\ g %
: et
v LA H @
TX_DATA reg/conf ) -t N i £
RX_DRATA_A.ind Redundancy medium contrt ~ &
RX_DATA_B.ind | S Y

4.5 Access. COn

v A /3
/]

X A

framer x&g\ fraRnﬁ\

Enable W& Q \
Octet'seriali ﬁse' izdr % Oc_te.t
e deserializer

PLS_CARRIER.indication
PLS_SIGNAL.indication
PLS_DATA_VALID.indication

Ph-lpyer

re 4 — Data-link layer internal architecture

nachine and schedule support functions

The ACM-\functions schedule all communications between the DLEs participating [n the

Type-[l Nfieldbus, and the timing of this communications is controlled as to

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 three 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;

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
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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, variable, counters, timers

This specification uses DLS-user request parameters P(...) and local variables V(...) as a
means of clarifying the effect of certain actions and the conditions under which those actions
are valid, local timers T(...) as a means of monitoring actions of the distributed DLS-provider
and of ensuring a local DLE response to the absence of those actions, and local counters

C(...) ffor performing rate measurement functions. It also uses local queueg :Lneans
of ordering certain activities, of clarifying the effects of certain actions g the
conditions under which those activities are valid.
Unlesg otherwise specified, at the moment of their creation or of DLE
a) all variables shall be initialized to their default value, or.to HYHA itted| value
if no default is specified;
b) all counters shall be initialized to zero;
c) alltimers shall be initialized to inactive;
d) all| queues shall be initialized to empty.
DL-mgnagement may change the values
Table|2 and Table 3 summarize many of(thes d\their usage.
Table 2 “\Ma tory -variables and permissible values
N
l \bp{araneters
Variable-nan%/\} 2 I}e{c\m{ty?n Permissible values
Th /\ M\spgé{tpa m@non period 1 to 160 (in units of 0,1 ms)
Tm /\ Mwuk\speed}/ansmission period 10 to 1 000 (ms)
TI \\w-%&d ransmission period 100 to 10 000 (ms)
ST \ Jhe slot-time is the fundamentally 1 to 255 (in units of physical synjbol
servdtional time unit, used in the DLME | times for 512 bits, identical to
foNobserving to initiate action such as re- | ISO/IEC 8802-3).
infialization in sending out the CLM
packet, and also used in the DLME for The default value is 20 (=100 ps).
observing the CMP packet sent by the
corresponding node, and in case that the
node failed to send out, used in the DLME
for initiating action just as the CMP
packet is received
MTHT Maximum-token-hold-time for high-speed 1t0 2161 (octet times).
cyclic data transmission The default value is 0x30B4 (=900 ps).
TISPD Time-interval cyclically processed for 1to 1000 (ms)
Sporadic message data service The default value is 100.
MD Maximum distance on the connection path | 1 to 100 (km).
between any 2 nodes The default value is 8.
MDD Maximum difference of the distance of two | 0 to 2 000 (in m).
redundant physical mediums on the The default value is 500.
connection path between any 2 nodes
MPD Maximum difference of the signal delay 1 to 0x7c (in units of 0,04 us).
time propagating over two redundant The default value is 0x7c (=5 ps).

physical mediums on the connection path
between any 2 nodes
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Operating parameters

Variable-name Description Permissible values
MN Maximum node number 254 (default value)
1A Individual address of this node Individual 48-bit address identical to

ISO/IEC 8802-3.

MGA Multicast group address Multicast 48-bit address identical to
ISO/IEC 8802-3, for logically associated
Type 11 fieldbus nodes.

The default value is
0x01-0x00-0x5e-0x50-0x00-0x01.

MRT Maximum number of the repeater units on | 0 to N.
the connection path between any 2 nodes | The default vally.is\S.
BW Length of TCC data word in a DLPDU 32 to 128 (octets).
The defaulyvalue NB.

SCMPL Permissible repetitive count within which
the node can behave like that the node
received the CMP packet even though

the corresponding node had failed to send
out the CMP packet. The node determines
the corresponding node is out of service ﬁ<
the count is over

RCS Receive-channel switching control/for
receiving packets. Designates the

utematic”, "Force A”, “Force B

«

Autematic™ Automatically switch to the
’}}oper ceive-channel.
“Fo A”, “Force B”: Force to swWitch
Regeive-channel A or B respectiyely.
The default is “Automatic”

of one of two recgéive-cha
corresponding t& each.of
media A and B

RMGP 250 (in units of 0,04 ps).
The value 250 represents 10 us
PBh List ofdup to\2104 deers using for
ending qutthigh-speed TCC data

PBI Listaf upto 2 048 data buffers using for

PBm List of\yp to é\ﬂ/ata buffers using for
<\ \sszn ing sut medium-speed time-critical
ta

N nding’out low-speed TCC data

A
RN

Tabje 3 — Observable variables and their value ranges

Operating parameter

Vartabte-name Description Range of value
ATSYN The observed time period from SYN packet 1t0 216 (octet times)
arrival to SYN packet arrival

ATTRT2 The observed time period of the TTRT2 1to 216_1

continuously decrementing
ATTRTA1 The observed time period of the TTRT1 1102161

continuously decrementing
ATTRTO The observed time period of the TTRTO 1102161

continuously decrementing
ATHT The observed time period of the MTHT 0 to MTHT,

continuously decrementing
ASL The observed time period of the SL 0 to V(SL) (Note)
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Operating parameter

Variable-name

Description

Range of value

cke

ARMGP The observed time period for one receive- 0 to 250,
channel, which has already completed one continuously decrementing.
packet received and has waited for IGP time
(0,96 ps), to wait the completion of a packet The value 250 represents 10 ps
received on the other receive-channel in order to
detect the other receive-channel disrupted
ASCMP Observed repetitive count that the corresponding | 1 to 16.
node failed to send out the CMP packet and the The default value is equal to the
other node can behave like that the CMP packet value of SCMPL, which is 3
received without error. The node determines the
bUIIUb[JUIILjiIIH IIUUIU ib Oul UI’ bCIVibb‘ WiIUII I.iIC
count reaches the pre-specified number. The
number counted is indicated and is incremented
coincidentally at each DLME aN
NONC Permissible repetitive count of no CMP packet 1 to16.
received by the SYN node within the The Yefa\lt Walue ¥s 3
corresponding consecutive Tsyn cycles, that is
256 times by SCMPL, in order to detect no other
node except the SYN node in the Type 11
fieldbus domain <\ \
ROKj, [ROKpg Cumulative count of DLPDU-received without }23 \
error on the receive-channel A or B A~ \Q\
NCDp, [NCDg Cumulative count of Non-Carrier e&}ty@o th ONo ZM
receive-channel A or j d @
when Non-Carrier
while Carrier occurs
REA, REp 0 to 2321
CDh &/ ulati nMd high-speed- 0 t0 232.1
m ata cket
CDm tiv count of\transmitted medium-speed- 0 to 2321
I|c data packets
CDI mutative sount of transmitted low-speed-cyclic | g5 232_4
data packet
SD &\X Cumuative count of transmitted sporadic data 0 to 2321

LL ive list indicating whether or not the 256-bit set of Booleans
orresponding node, at this moment, is .
connected to and running in the Type 11 fieldbus | ["U€: node is connected and
domain in the received SYN frame. The Live list | Working.
is a set of 256 Boaleans rplnmcpnh:d in 32 Fatse—mote—tstrot-conmectecHor not
octets, in which each bit corresponds to a node working.
in the Type 11 fieldbus domain and indicates the
current status of that node
LN Extracted number from LL at each node and 1 to 255
used by each node to decide whether the node is
able to send the data frame out over the medium
CDHpk Information data status of the data buffer with True: active

the identifier number “ ", indicating the
corresponding TCC data being active (healthy) or

inactive (unhealthy)

False: inactive

NOTE SL (Silence time)

for detecting failure of the current SYN node. Timeout triggers those nodes that are
designated as SYN nodes to send a CLM packet.
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4.6.1 Variables, parameter, counter, timer and queues to support DLE function
4.6.1.1 V(DR) : Data-rate

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

4.6.1.2 V(TN), P(TN) : This-node

This variable holds and designates the node identifier number of this node. The initial value is
0 on power-up or reset of this node. The range of this value is 1 to 255.

4.6.1.3 V(Tsl): DLE number able to send out next slot

This variable is used by the DLE to hold and indicate the node identifi 'N) of
which|the node can send out its data next in the sequential order g’ sticgessi node
currerjtly having completed sending out all its data and CMP or DT-CMP 3 lue of
this variable is updated and set to the value of V(TN) of the node ne S i erly time
on thg reception of CMP or DT-CMP DLPDU. The range of this

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

This Variable holds the maximum node number, and j of this

variable is 254.

4.6.1.p V(IA) : Individual-address-a

This yariable holds the individual addre ) 3 n—the 48-bit length specified by
ISO/IEC 8802-3. The value is set by D

4.6.1.6 V(MD), P(MD) :

S, the maximum distance in kilomejter on
e range of this value is 1 to 100, and the default

The vhlue of this vari

the cgnnection pa
value [is 8.

4.6.1.

n-difference-of-the-distance

This |
two rqg

DLMS, the maximum difference in meter of the distahce of
on the connection path between any 2 nodes. The rapge of
default value is 500.

This ariable hoIds and is set by DLMS, the maximum difference in microsecond of the [signal

equivalent to approx. 5 us, i.e. 0x7c (=124) x 0,04 us.

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

This variable holds, and is set by the DLMS, maximum number of the repeater units on the
connection path between any 2 nodes. The possible value is 0 to 7, and the default vale is 3.
4.6.1.10 V(RCS), P(RCS) : Receive- channel switching control for receiving packets

This variable holds and designates the switching control for receiving packets 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” or “Force B”. “Automatic” indicates that the
switching control for receiving packets is automatically to switch to the proper receive-channel.
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“Force A” or “Force B” indicates that the switching control is forced to switch to Receive-
channel A or B respectively. The default value is “Automatic”.

4.6.1.11 V(BW), P(BW) : Length of time-critical cyclic data word in a DLPDU

This variable holds and designates the length of the Time-critical cyclic data word in a DLPDU.
The possible value of the length in octet is 32 to 128, and the default value is 128.

4.6.1.12 V(IP), P(IP) : IP address of this node

This variable holds and designates DLSAP value assigned for Type 11 fieldbus Sporadic

message data-service-

4.6.1.13 V(SM), P(SM) : Subnet address mask

This Variable holds and designates the value of subnet address
fieldblis Sporadic message data service.

0 |P ype 11

4.6.1.14 V(ST), P(ST), T(ST) : Type-11 fieldbus slot-time

Slot-ti or observafion of
initiati acket, for obseryvation
of initfation of the action that the node behaves like eived even though the
correg

This ational time value of slof time.
The ra i i 2-bit physical symbol time specifjed by
and identical to ISO/IEC 8802-3. The i hich is equivalent to Approx.100 us,
i.e. 20 x 512 x 1/100 us.

NOTE | The slot time value js
V({ST)=round up [ 2 x

4.6.1.15 V(TTR

This aAss 2,
espec 6.1 of
which SYN).
This V pe-11
fieldbus,

P(TTH nodes
with medium=speed clic data can obtain the transmission right and send out all pf the

medium-speed cyclic data.

4.6.1.16 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
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.

4.6.1.17 V(TTRTO), P(TTRTO) : Target-token-rotation-time for access class 0

This variable holds and designates the value of target-token-rotation-time for access class 0,
especially for low-speed cyclic data transmission. The range of this value is 1 to 216-1 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(TTRO) is used by the DLME, and the value is the expected time period in which all nodes
with low-speed cyclic data can obtain the transmission right and send out all of the low-speed
cyclic data.

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

This varlable indicates the target t|me perlod from SYN packet arrlval to SYN packet arrival.
The vatae St 2 3 v eV (Th).
The p33|ble range of th|s t|me perlod |s 0, 1 to 160 ms. V(SYN) and V(T i cyclic

{ ission right

4.6.1.19 T(ATSYN): TSYN monitor

T(ATYYN) is used by the DLE to monitor the time period ~ : i SYN

4.6.1.20 T(ATTRT2): TTRT2 monitor

T(ATTRT2) is used by the DLE to
decrefnented in the range of 216-1 to ¢

ue is
ing rate.

4.6.1.21 T(ATTRT1): TTRT1 monito

T(ATTRT1) is used by ue is
decremented in the range™of 2° ' ' i i ing rate.

4.6.1.p2 T(ATTRTO) :
T(ATTRTO) is u@ .

decreented in the

ue is
ing rate.

4.6.1.
This speed
cyclic|data ime by
the dg

4.6.1.24 T(ATHT) : 'MTHT monitor

T AT I 4o | W <l £MNTLLIT TL ] + <l t d
I I) IO UOUU Uy uic UL lU nmrcaourcc LIIU LIIIIU UIGPOUU U IviTTTT . TTTC vadlutT 1o UTUITITT en e

in the range of P(MTHT) to O.

4.6.1.25 V(IGP) : Inter-packet-time-gap

This variable indicates the value of the time interval from the end of a previous packet to the
start of the consecutive packet sent by a node. The value is equivalent to 0,96 ys and is
identical to that specified by ISO/IEC 8802-3.

4.6.1.26 T(AIGP,), T(AIGPg) : IGP monitor over the receive-channel A and B

T(AIGP,) and T(AIGPg) are used by the DLE to measure the time elapsed of IGP over the

receive-channel A and B respectively. The value is decremented in the range of 24 to 0, and
value 24 is equivalent to 0,96 ps.
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4.6.1.27 V(SL), P(SL) : Silence time

This variable holds and designates the value of the silence time or inactivity time period for
detecting the current SYN node out of order, following to initiate sending the CLM packet out
from this node in order to claim new SYN node if this node is designated and permitted to be
a SYN node. The value is set by the DLE to the T(SL) timer as follows:

T(SL)=V(TSYN) + V(ST) x V(TN) x 2

4.6.1.28 T(ASL) : SL monitor

is equjivalent to 10 ps.

4.6.1.80 T(ARMGP) : RMGP monitor

decre

4.6.1.
This

Spora
The d

4.6.1.

T(TIS

4.6.1.

This ; a de is
connecti ue” or
“Falsg”, “True/N\qmreans\the node is connecting to and working normally and “False” is not. V(LL)
is used by the.DLE.apd is generated from the information conveyed by SYN frame. Livetlist is
a collection) of 8 words of 32-bit length, each bit of which corresponds to the node |in the
Type-[l1.¢fieldbus and indicates the current operational status. Each bit corresponds fo the

node number V(TN) in a sequential order from 0 fo 255 in Titile endian format.

4.6.1.34 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.

4.6.1.35 V(TMAC), P(TMAC) : Medium-access-control-time to solicit new nodes

This variable holds and designates the value of maximum observational time period for the
SYN node to solicit new nodes into the Type-11 fieldbus. During the time period new nodes
attempt to send out the REQ packet to the SYN node. The default value is 100, the unit of
which is in 0,1 ms.
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4.6.1.36 T(TMAC) : TMAC monitor

T(TMAC) is used by the DLE of the SYN node to measure the time elapsed of TMAC in order
to wait for REQ packets sent from node which attempts to enter the Type-11 fieldbus. The
value is decremented in the range of V(TMAC) to 0.

4.6.1.37 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 packet even though the
corresponding node failed to send out the CMP packet.

4.6.1.88 T(SCMP) : SCMP monitor

T(SCMP) is used by the DLE of the node to measure the SCMP tim¢g e
action

psed toNnitiate the

failed

to sen

4.6.2 ice
4.6.2.

This build
logica y and
identi

4.6.2.

This vyariable holds and d | data
transmission. P(Th) is ug bf this
value |is 1 to 160, of which

4.6.2.3 V(Tm), P:m) :

This jariable hol any | data
transn ch the
unit is

4.6.2.4 V(TI

This | data
transmi ch the

unit is

4.6.2.5-X(HTh), P(HTh) : Maximum observational time period for detecting the
contir - d

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 1ms. The default value is 3 x V(Th).

4.6.2.6 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.
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4.6.2.7 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).

4.6.2.8 T(HTm) : HTm monitor

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

4.6.2.9 V(HTI), P(HTI) : Maximum observational time period for dete
continuous low-speed transmission cycle

ipd for

This vyariable holds and designates the value of maximum gbse
) hge of

detecling the continuous Low-speed transmission cycle disrupté
2 to 2[6-1, of which the unit is 1ms. The default value is 3

4.6.2.10 T(HTI) : HTI monitor

T(HTI) is used by the DLE to measure the HTI Low-
speed transmission cycle disrupted. Theg value ' 1.
4.6.2.11 V(RCS,), V(RCSg): ts

This yariable indicates the correspondi eCeiv el is selected for receiving packets
from {he other node. The alue * i e corresponding receive-charinel is
select

4.6.2. 5\ : Transmitter A or B enabled to send out
packe

This v $ it X or B enable to send out packets from, and indficates
the s AXor B peing enabled or disabled. The value “True” is|to be
enabl se” N far thre-Corresponding Transmitter A or B. The default vdlue is

“True’l.

4.6.2. ‘ P) : Permissible repetitive count of substitute CMP

This ariable holds and designates the value of permissible repetitive count within whigh the
node fan behave like that the node received the CMP packet without error even though the
corredpending node failed to send out the CMP packet. The range of this value is 1 to 16 and
the ddfault value is 3

4.6.2.14 C(ASCMP) : ASCMP count

C(ASCMP) indicates the number of observed repetitive count that the corresponding node
failed to send out the CMP packet and the other node can behave like that the CMP packet
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.

4.6.2.15 V(NONC), P(NONC) : Permissible repetitive count of no CMP

This variable holds and designates the value of permissible repetitive count of no CMP packet
received by the SYN node within the corresponding consecutive Tsyn cycles, that is 256 times
by V(SCMPL), in order to detect no other node except the SYN node in the Type-11 fieldbus.
The range of this value is 1 to 16, and the default value is 3.
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4.6.2.16 C(NONC): NONC count

C(NONC) indicates the number of repetitive count of no CMP packet received by the SYN
node within 256 x V(SCMPL) of the consecutive Tsyn cycles. C(NONC) reached to the
number of V(NONC), the SYN node detects and recognizes no other node hooking up to the
Type-11 fieldbus.

4.6.2.17 C(ROK,), C(ROKg) : 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
WlthOL CCITTuUln UTli Lhc LA~AYAYI A Av] UhGIIIIG: Il_\\ T B IUO}JUUUVUIY \J\I\CI\A, Glld C(RCI\B, arc IUI Over

binary counters of 32-bit length.

4.6.2.18 C(NCD,), C(NCDg) : Cumulative count of non-carrier detes eceive-
channel Aor B

C(NCDp) or C(NCDg) indicates the number of cumulative count i ; n one
receivie-channel while the carrier occurs on the other sid¢ i ) and
C(NCDg) are roll-over binary counters of 32-bit length

4.6.2.19 C(RE,), C(REg) :
receive-channel A or B

C(REJ) or C(REpg) indicates the numbex of \ ' 3 i ith error
while fon the other side of the receivefchannel 3 . e roll-
over Hinary counters of 32-

4.6.2.20 C(CDh): C

C(CDh) indicates the nu
medium. C(CD

4.6.2.1 C(CDm
C(CDrln) i

ont

bn the

t sent

4.6.2.22

C(CDI) indicates th mber of cumulative count of low-speed-cyclic data packets sent pn the
medium. C(CDI) is a roll-over binary counter of 32-bit length.

4.6.2.23 C(SD) : Cumulative count of sporadic data packet sent

C(SD) indicates the number of cumulative count of sporadic data packets sent on the medium.
C(SD) is a roll-over binary counter of 32-bit length.

4.6.2.24 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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4.6.2.25 Q(BFy,,) : Data buffer used for sending and receiving a DLPDU for time-critical
cyclic data DLPDU

The total number of buffers is equivalent of the total number of DLCEP. Each buffer with the
identifier “,," number corresponds to a DLCEP with the identifier number “identifier”.

4.6.2.26 V(PBh), P(PBh) Maximum number of the data buffers used for sending high-
speed time-critical cyclic data

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

4.6.2.p7 V(PBm), P(PBm) Maximum number of the data buffers used
mediudm-speed time-critical cyclic data

This Variable holds and designates the maximum number of the dafa ending
medium-speed time-critical cyclic data. The value is 0 to 2 048.

4.6.2.28 V(PBI), P(PBI) Maximum number of the data k ers f i ow-
speed time-critical cyclic data

This Variable holds and designates the maximum n
low-speed time-critical cyclic data. The value is Q

ending

4.6.2.29 V(CDH,,, ) Information data statu:

blk
This yariable indicates the status of the corrs iti i i active
(healthy) or inactive (unb e indi ive, ‘False”

indicates inactive.

5 GQeneral s'@u o
of procedu

5.1 verview

ents

The OLL and its procedure i i e DLS
user by usi V/ICE e and
semanti in this
speciffjcatio B802-3

standdrd.

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

5.2 PhIDU structure and encoding

The local MAC sublayer uses the service primitives provided by the PLS sublayer specified by
ISO/IEC 8802.3 Clause 6. All of the service primitives provided by the PLS sublayer are as
follows and are considered mandatory:

Y

) PLS_DATA request;

) PLS_DATA indication;

) PLS_CARRIER indication;
)

)

o O T

PLS_SIGNAL indication;
PLS_DATA_VALID indication.

D
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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.

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

numbg
Figurg
for sp

5.3.1.

The I
identi
acces
Figurg

7 Octets

1 Octet

6 Octets

6 Octets

2 Octets

46-134 Octets

4 Octets

br by the IEEE Registration Authority, to be identified as the Type:
5 shows the MAC frame format used common to the Type-11 fieldbus
bradic data transmission of the Type-11 fieldbus.

fieldbus lrame.
LPDY except

Preamble |
Octets within
SFD DLPDU transmitted
BN \
top to bottom
Destination P \F\rame co trol(E()
address O UM

Source address numper (SN)

Length/! =0x888B
gthftype =0x Data and pad

TCnet specific fiel<

Frame check
sequence

AC frame format for DLPDUs

11 fieldbus sporadic DLPDU

Sporadic data transmission of the Type-11 fieldbus is fully
of Ethernet V2.0 specified by ISO/IEC 8802.3, Clause 3 "Media
", and the value of the Length/Type field is all but 04888B.
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7 Octets Preamble |
Octets within
1 Octet SFD DLPDU
— transmitted top to
6 Octets Destination bottom
address
6 Octets Source address l
2 Octets Length/type<>0x888B
46-1500 Octets Data and pad
4 Octets Frame check
sSequence
MSB T [ T T T [T ]LsB
b’ b0

Bits within J
<4— frame transmitted
left to right.

Figure 6 — Sporadic D

5.4 Hlements of the MAC frame

rame delimiter, the destipation
d the frame check sequence, |all as

The eJlements of the MAC frame are the~preamble
addreps, the source address, the len
specified by ISO/IEC 8802-

5.4.1 |Preamble field

The pfeamble of the
is a 7toctet fiel i
state

Eynchronizatié

e field
eady-

The pfeamble patter

5.4.2 |Start e-delimiter (SFD)

The Jtart Frame D iter (SFD) is identical to ISO/IEC 8802-3, Clause 3. The SFD fjeld is
the sequence of bit pattern “10101011”. It immediately follows the preamble pattern and
indicates'the start of a frame.

5.4.3 Address field

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,
Clause 3. Each address field shall be 48-bit in length.

5.4.3.1 Destination address field (DA)

The Destination Address (DA) field is identical to ISO/IEC 8802-3, Clause 3. The Destination
Address field specifies the station(s) for which the frame is intended. It may be an individual
or multicast (including broadcast) address. The value of DA for the Type-11 fieldbus DLPDU
except for the Type-11 fieldbus sporadic data transmission is always set to V(MGA).
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5.4.3.2 Source address field (SA)

The Source Address (SA) filed is identical to ISO/IEC 8802-3, Clause 3. The Source Address
field specifies the station sending the frame. The Source Address field is not interpreted by
the DLE as well as the CSMA/CD MAC sublayer. The value of SA is always set to V(IA).

5.4.4 Length/type field

The Length/type field is identical to ISO/IEC 8802-3, Clause 3. In order to be identified as a
Type 11 fieldbus frame, the value of the length/type field is set to 0x888B, which is authorized
and registered as protocol identification number for Type-11 fieldbus by the IEEE Registration
Authority. Every frame with the value all but 0x888B is identical to the frame according to
ISO/IEC 8802-3, Clause 3 and is processed as an Type-11 fieldbus sporadie-data frame

5.4.5 |Frame control field (FC)

The s{ructure of the Frame control field is shown in Figure 7.

b7 b b° b# b3 K0

1 Octet Pri rsv F-type

(0x0)

5.4.5. Frame type (F-type)field
The Fftype field is us Y i ard designate the frame type of the Type-11

fieldblis for medi agcess . e Ashows the list of F-type and the corresponding
the Type-11 fiel

— F-type: DLPDU type

\E-t}ye\{lue Frame type Frame name
\\ o>o\o CLM Claim frame

0x01 SYN Synchronization frame
0x02 REQ In-ring request frame
0x04 COM Command frame
0x05 RAS RAS frame
0x07 DT Cyclic data frame
0x08 CMP Transmission complete frame
OxO0F DT-CMP DT with transmission complete frame

NOTE All but the above are reserved for future use.

5.4.5.2 Priority field (Pri)

The priority field is used by the DLE to designate and identify the service class of time-critical
cyclic data frame, which is applied to both DT and DT-CMP. 3 levels of service class are
provided and the top to lowest level is level 3 to 0. High-speed time-critical data transmission
is assigned to level 3 of the service class, Medium-speed time-critical data transmission to
level 2 and Low-speed time-critical data transmission to level 0. Other type of frame except
for DT and DT-CMP is assigned to level 3 of the service class.
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5.4.6 Source node number field (SN)

The value of SN is the node identifier number and is equal to the value of V(TN) of the
which has sent the Type-11 fieldbus DLPDU.

5.4.7 Data and pad field

The data field contains a sequence of N octets which provides full data transparency

node

in the

sense that any arbitrary sequence of octet values may appear in the data field up to a

maximum number specified by ISO/IEC 8802-3. A minimum frame size is required, t

hat is

mimFrameSize by ISO/IEC 8802-3, and if a frame size is less than mimFrameSize, then the
data field is extended by appending extra bits in units of octets. The frame, from the DA field

through the FCS field inclusive, is at least mimFrameSize bits.
The sfructure of this field for the Type-11 fieldbus DLPDU is described

5.4.8 [Frame check sequence (FCS)

The frame check sequence (FCS) construction, polyngm
identi¢al to ISO/IEC 8802-3, Clause 3.

Withir] this clause, any reference to bit K of an octe e bit whose we
a onejoctet unsigned integer is 2K.

NOTE | This is sometimes referred to as “little¢endian”

For rTost of the protocol Types in this\standard, as in other International Standard
example, ISO/IEC 3309, 2 ( 14-2), DLPDU-level error detec
provi ed by calculating and appendm me/check sequence (FCS) to the
DLPDU fields during tran » atic code word"") of length n consis
k DLADU message bits fo 2yfedundant bits, and by calculating
recepfion that the mes ag a CS form a legal (n,k) code word.
mechanism for thi 8 i :

The deneric for S ator _polynomial for this FCS construction is specif
equation (6) and \ C e receiver’s expected residue is specified in eq

(11). The specifi each DL-protocol type are specified in Table 5.

S length, polynomials and constants

s (for
ion is
other
ing of
during
The

ed in
uation

n-k 32

Item \\\ P Value
N

G(X) X32+X26+X\234X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+1 (notes 1, 2 and 3)

R(X) [ 7XB1+X30+X26+X25+X24+ X184 X154+ X144+ X124 X114+ X104+ X8+ X6+ X5+X4+X3+X+1  (notes 3 and 4)

NOTE 1 Code words D(X) constructed from this G(X) polynomial have Hamming distance 4 for lengths < 22 901

octets, Hamming distance 5 for lengths < 371 octets, Hamming distance 6 for lengths < 33 octets, Hamming
distance 7 for lengths < 21 octets, and Hamming distance 8 for lengths < 11 octets.

NOTE 2 This G(X) polynomial is relatively prime to all, and is thus not compromised by any, of the polynomials
commonly used in DCEs (modems): the differential encoding polynomial 1 + X-1 and all primitive scrambling

polynomials of the form 1 + X+ + Xk,
NOTE 3 These are the same polynomials and method as specified in ISO/IEC 8802-3 (Ethernet).

NOTE 4 The remainder R(x) should be 1100 0111 0000 0100 1101 1101 0111 1011 (X31 to X0, respectively) in

the absence of errors.

1) W. W. Peterson and E. J. Weldon, Jr., Error Correcting Codes (2nd edition), MIT Press, Cambridge, 1972.
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5.4.8.1 At the sending DLE

The original message (that is, the DLPDU without an FCS), the FCS, and the composite
message code word (the concatenated DLPDU and FCS) are regarded as vectors M(X), F(X),
and D(X), of dimension k, n - k, and n, respectively, in an extension field over GF(2). If the
message bits are mq ... mk and the FCS bits are f_x-1 ... fg, where

mq ... mg form the first octet sent,

MgN-7 -.- M8N form the Nth octet sent,

f7 —fo form-thelast-octetsont—and
m is sent by the first PhL symbol(s) of the messagé e by the
last PhL symbol(s) of the message (ng frlaming
information),
NJTE This “as transmitted” ordering is critical to the error detection prop
then the message vector M(X) is
M(X) = mqXk1 + moXk2+ |+ mg1 X! + mg (1)
and tHe FCS vector F(X) is
F(X) = fhkqXnk-1+ 0+ 1 for the case of k = 32) (2)
= f3qX31 + ... +fpy
The cpmposite vector D(X), for the coinplete RLP constructed as the concatenation of
the message and FCS veg
D(X) = : (3)
= Rk Xn-k-1+ .+ fg
= >+ f31X31+ ... +fp (for the case of k = 3]2)
The DILPDU prese alheOnsist of an octet sequence in the specified order
The redundaptc o] ... fo of the FCS are the coefficients of the remainden F(X),
after ¢ k+ 1) + M(X) Xn-k
where -k generator polynomial for the code words
G +1 (4)
and L{X) is-the maxigral weight (all ones) polynomial of degree n-k-1
n-k
X = X+ ket e Xnk2 s+ X 41 (5)
X+1
= X314+ X144+ X183+ X124+ ., + X2+X + 1 (for the case of k = 32)
That is,
F(X) = LX) (Xk+ 1)+ M(X) Xnk (modulo G(X)) (6)
NOTE 1 The L(X) terms are included in the computation to detect initial or terminal message truncation or

extension by adding a length-dependent factor to the FCS.

NOTE 2 As a typical implementation when n-k = 32, the initial remainder of the division is preset to all ones. The
transmitted message bit stream is multiplied by X"-k and divided (modulo 2) by the generator polynomial G(X),
specified in equation (7). The ones complement of the resulting remainder is transmitted as the (n-k)-bit FCS, with

the coe

fficient of Xn-k-1 transmitted first.
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5.4.8.2 At the receiving DLE
The octet sequence indicated by the PhE is concatenated into the received DLPDU and FCS,
and regarded as a vector V(X) of dimension u

V(X) = vqXu-1+voXu-2+  + v, 14X + vy (7)

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

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 5.4.8.1) in computing F(X)
R(X) = L(X) Xu+ V(X) Xnk (modulo G(X)) (8)

Fr—g— XAkl

Defing E(X) to be the error code vector of the additive (modulo-2) differences [betwegn the
transmitted code vector D(X) and the received vector V(X) resulting
(in thg PhS provider ) between sending and receiving DLEs.

F(X) = D(X) + V(X) (9)
If no grror has occurred, so that E(X) = 0, then R(X) will eg hinder
polyngmial

Rok(X) = L(X) Xnk (modulo G(X)) (10)
whosg value is independent of D(X). Unfortunate cases
wheregl E(X) is an exact non-zero m(ti 1 table”

errors} In all other cases, R(X) will not equa an be
discarded without further analysis.

NOTE } i i ation, initia nainder of\thexgivision is preset to all ones. The recejved bit
stream|is multiplied by Xn-k an¢/divided 2) bysthe* generator polynomial G(X), specified in equation {8).
5.5 Qrder of bit trans

The arder of bi sryissi iS\J i to” ISO/IEC 8802-3, Clause 3. Each octet pf the
DLPDU, with the i shall be transmitted low-order bit first; the FC§ shall
be trapsmitted in the

5.6 1
An iny ed as one that meets at least one of the following condjtions,
and is O/IEC 8802-3, Clause 3.

a) gth is inconsistent with a length value specified in the Length/Typg field.

If the-Length/Fype field contains a type value as defined by ISO/IEC 8802-3, (3.2.6,
then)the frame length is assumed consistent with this field and should not be
considered an invalid DLPDU on this basis.

b) Itis not an integral number of octets in length.

c) The bits of the incoming DLPDU (exclusive of the FCS field itself) do not generate a
CRC value identical to the one received.

d) Itis inconsistent with a F-type value of Type-11 fieldbus DLPDU.

The contents of invalid DLPDU shall not be passed to the DL-user or DLE. The occurrence of
invalid DLPDU may be communicated to network management.

NOTE Invalid DLPDU may be ignored, discard, or used in private manner by DL-user other than RTE DL-user.
The use of such DLPDUs is beyond the scope of this specification.
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6 DLPDU-specific structure, encoding and elements of procedure

6.1 General

This clause defines the structure, contents and encoding of each type and format of the

DLPDU except for the Sporadic DLPDU of the Type-11 fieldbus, and specifies eleme
procedure for the DLPDU.

nts of

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
Figure 5, is specified. The aspects relating to the sending and rece|vmg of DLS users and

their
format throughout this clause.

NOTE | Within this clause, any reference to bit K of an octet is a reference to the biKwhose
unsigned is 2K, and this is sometimes referred to as "little endian" bit numbering.

eight|IR_a o

Is of V(Th) for the synchronizatio
in the Type-11 fieldbus.

A DLE which attempts to by ine, Q PR for claiming to the SYN node
added in the Type-11 fieldbus\underthe\condition when the DLE has received a SYN DLPDU

e value of PN filed

with t
durin MAC control period of Tmac starts imme

rndian

e-octet

bccur,
which
ve no

i¢ time

elated

to be

Bent, is
liately

after AP DLPDU or DT-CMP DLPDU by the nodge with
the bi

A DLE ich i i i ionyiig as a SYN node, controls the time-critical cyclic data
transmi bus’DLPDUs, solicits new node to join and manages node
drop-qg all of the parameters related to keep cyclic and stabl¢ data
transmi ing as a SYN node shall attempt to become a new SYN node
to keq a data transmission in succession to the current SYN node when the
currer S \ap s to malfunction. A DLE not operating as a SYN node decides the
order |m|ng to send out its time-critical cyclic data transmission using the vdlue of
V(LL)|i

6.2.1 |Strdcture of SYN DLPDU

The structure of SYN DLPDU is shown in Figure 8.

1 11 1 1 3 2 2 2 32 Octets
FC| SN | PN |CW| ST Th Tm Ts Tl LL
Where
FC: Frame control (11000001) SN: Source node number
PN: Transmission permits node number ST: Slot time
CW: Control word Tm: Medium-speed periodic time
Th: High-speed periodic time LL: Live list

Ts: Sporadic message rotation time
TI: Low-speed periodic time

Figure 8 — Structure of SYN DLPDU
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6.2.1.1 Parameters of SYN DLPDU
6.2.1.1.1 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(SYN) 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 0x1.

Table

6 shows the structure of the PN parameter.

Table 6 — PN -parameter: 3rd octet <\

Transmission permits node number Q \ \ >
PN (1 to 255) < \‘ \
2 N R R B e N\

6.2.1.

The s

1.2 Control word (CW)

O

h octet

ructure of CW is shown in Table

Table 7 {CW ra

O o,
N,

Periodic Redundant medium
Reserv

selection

'“:Me N Y % NN RMSEL

2 AN SO AN T N I
N

6.2.1.1.21 P (PM)

The “P ates’ the mode of synchronization for the Time-critical cycli¢ data
transmis

“Freefrun” mede ased on simple periodic data transmission, that is, the SYN node [sends
out the SYN frame immediately after the SYN node detects that all nods have sent theirf time-
critical «cyclic data within the time period of V(SYN). On the other hand, “Constant period”
mode - rce of

constant time-period.

Table 8 shows the mode of PM parameter.

Table 8 — PM parameter

PM mode

Value

Description

Free-run

Cyclic data transmission based on free run

Constant period

Cyclic data transmission based on time-synchronization
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6.2.1.1.2.2 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 packets 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 packets 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 9. {\
Table 9 —- RMSEL parameter (\

RMSEL mode Value Descrl

Automatic 00 Automatically switch to the W%ecelﬁw Nel\/
01 Reserved for future use \ \ \ B

Force A 10 Force to switch recey@chan

Force B 11 Force to switch rec%lve@nnehﬁ\ \/

6.2.1.1.3 Slot time (ST)

This parameter is the fundamentall observa o e unit, using in the DLE for the
obseryation of initiating actlon such as\re-i iomin sending out CLM packet, for sgending
out the CMP packet spe 8 ¢ ode in substitute for the node falled to
send out the CMP packet.

physig¢al symbol ntical to ISO/IEC 8802-3. The default value fis 20,
whichlis equivalentt

V(ST)| holds the yalue of this value is 1 to 255, of which time is in §12-bit
‘{@ S Q '

Table|10 shows the str

ble 10 — ST-parameter: 5th octet
O\ X

20N\ N\ V(ST) : Slot time

6.2.1.1+4tHigh-speed-transmissionperiod-(Hh}

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(SYN) equally for each node
on-line. The range of this value is 1250 to 2 500 000, of which the unit is in 80 ns.

Table 11 shows the structure of Th parameter.

Table 11 — Th-parameter: 6th, 7th and 8th octets

High-speed transmission period

Th (27 - 29) Th (28 - 215) Th (216 - 231)
7‘6‘5|4|3|2‘1‘0 7|6‘5‘4|3|2‘1‘0 7|6‘5‘4‘3|2|1‘0
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6.2.1.2 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-line. The range of this value is 10 to 1 000, of which the unit is in 1ms.

Table 12 shows the structure of Tm parameter.

Table 12 — Tm-parameter: 9th and 10th octets

Medium-speed transmission period

Tm (27 - 20)

7Jefslafsf2]r]o 7|6\5\4\-3/I\\2\|\N\>

6.2.1.2.1 Sporadic message transmission target-token-rotation-ti

This parameter designates the value of target-token-rotationcti i e data
transmission. This value is used by the DLE, and is sg de on-
line. Tlhe range of this value is 10 to 10 000, of whic
Table|13 shows the structure of Ts parameter,
Table 13 — Ts- meter:\{d4thnand octets
Sporadic/xQessage tran miés\ich\targ -hx(;ﬁ}on-time period
Ts (27/\\0N S V Ts (28 - 2195)
rle s [pade (N +He[s]4]a]2[1]0
6.2.1.2.2 Low-sp¢&ed t issijon period (TI)
This g clic ime period of Low-speed time-critical data transmission.
The v € , and is set to V(TI) equally for each node on-ling. The
range i 00, of which the unit is in 1ms.

Table Y ictyre of Tl parameter.

T — TI-

Low-speed transmission period

TI (27 - 29) T1 (28 - 215)
7|6|5‘4‘3‘2|1|0 7|6‘5‘4‘3|2|1|0

6.2.1.2.3 Live list (LL)

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
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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 15 shows the structure of LL parameter.

Table 15 — LL parameters: 15th to 46th octets

Live-list
LL (27 - 20) LL (28 - 215)
1R T 7 6 5 4 3 2 1 0 [15 141713 [ 12 1),,10 9 8 | 1eth
afth | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16 | 31 | 30 | 29 | 28 x\fp 26\](25 |[[ 24 | 1gth
1dth | 39 | 38 | 37 | 36 | 35 | 34 | 33 | 32 | 47 | 46 | 45 ((2\ 43 \4\z\>\ 40 | 20th
ofth | 55 | 54 | 53 | 52 | 51 | 50 | 49 | 48 | 63 | 62 y\&)\ 59\ 5 56 | 2oth
ogth | 71 | 70 | 69 | 68 | 67 | 66 | 65 | 64 | 79 78<>V\76 NG \74/73 72 | 24th
AN
aqth | 215 | 214 | 213 | 212 | 211 | 210 | 209 20}@}2/\2 2 219 | 218 | 217 ||216 | 42th
4qth | 231 | 230 | 229 | 228 | 227 2%6/%5 /2}\4 >39 (232()3@ 36 | 235 | 234 | 233 [[232 | 44th
45th | 247 | 246 | 245 | 244 | 243 | 2427\ 241 }4{ k{ 554\23 252 | 251 | 250 | 249 [|248 | 46th
6.2.1.3 User data
No uspr data is conve
6.2.2 |Sending
A DLH of current SY{ no bove,
which|are manag ' ;
6.2.3 |Receiving
Each [DKE o hich is on line or is to be on line, except SYN node takgs the
follow|ng actjon
a) Thewalbe of RMSEL is used to determine the switching control for receiving packets
out of one of two receive-channel A and B corresponding to each of the redyndant
medium A and B, and is reflected in V(RCS).

b) Each value of ST, Th, Ts and TI 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(TL) respectively.

c) The value of LL is to be a new value of V(LL).
d) 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 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.
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6.3 Transmission complete DLPDU (CMP)
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
completed is specified, one is CMP DLPDU and the other is DT DLPDU.

6.3.1 Structure of CMP DLPDU

Figure 9 shows the structure of the CMP DLPDU.

1 1 1 1 Octet

FC| SN | rsv |SYN

Where
FC: Frame Control (11001000)
rsv: Reserved (0x0)
SYN: SYN node number

Figure 9 — Structure of C

6.3.1.1 Parameters of the CMP DLPDU

6.3.1.1.1 SYN node number (SYN)

This parameter indicates the number o current SYN node.

6.3.1.

No uspe

6.3.2
CMP

red time frame to send out its data and is just sendipg out
ime period, shall send out CMP DLPDU at the time when the
ending out all of the data both of Time-critical Cyclic data and
data. The CMP DLPDU is sent by the last frame out of the npde to

a)

pbut DT-

ich is
de has
fa|led to receive CMP or DT CMP DLPDU the DLE of SYN node shaII |n|t|ate sendmg
out CMP DLPDU in substitution for the DLE which has not send out its CMP or DT-
CMP DLPDU.

6.3.3 Receiving CMP DLPDU

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
number of V(TN). In searching the next node, the DLE checks and extracts the first bit of
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
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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),

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 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
comditionsTet;

1) All the data with each priority level has finished sending out,
2) The corresponding observational timer has expired,

3) The T(MTHT) for High-speed time-critical cyclic data tr pired.
6.4 In-ring request DLPDU (REQ)

REQ DLPDU is sent by the DLE to the SYN node to claj S.

6.4.1 |Structure of REQ DLPDU

Figurg 10 shows the structure of the R

SN: Source Node number

Structure of the REQ DLPDU

6.4.1.

No us 3 LeriS oyed by the REQ DLPDU.

6.4.1.

No uskr’data is conveyed by the REQ DLPDU.

6.4.2 Sending the 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.

6.4.3 Receiving the 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


https://iecnorm.com/api/?name=1b2eb189798fdffbbaeddf81e5467f38

—46 —

61158-4-11 © IEC:2007(E)

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 Claim DLPDU (CLM)

CLM DLPDU is sent by the DLE claiming for re-synchronization of the Type-11 fieldbus on
condition that the current SYN node malfunctions and the T(SL) timer to monitor SYN node
inactive has expired. CLM DLPDU can be sent from the node which is designated and
permitted to be the SYN node. The value of T(SL) of each node is different and depends on

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

6.5.1 |Structure of CLM DLPDU

Figurg 11 shows the structure of the CLM DLPDU.

1 1 1 1

FC[ SN | sv [ RC

ST

Where

6.5.1.1 Parameter of the CL}!
6.5.1.1.1 Residual co
This gdarameter
is decremented im\ihe
DLE hecomes a SYN

Table|16 shows.the stkueit

FC: Frame Control(11000000)
rsv: Reserved (0x0)

Octet

Q \ Table 16 — CLM parameter: 4th octet

Residual Counts of CLM DLPDU

V(RC) (27 - 20)

4 3 2

value
)”, the

6.5.1.1.2 Slot time (ST) parameter

The value of this parameter is set to that defined in 6.2.1.1.3.

6.5.1.2 User data of the CLM DLPDU

No user data is conveyed by the CLM DLPDU.

6.5.2 Sending and receiving CLM DLPDU

CLM DLPDU is sent by the DLE, which is provided with the SYN node function, claiming for
re-synchronization of the Type-11 fieldbus.
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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.

N = (2 x V(MD))+(1/2 x V(MRT))

When a CLM DLPDU is being sent, and when the collision has happened, the DLE
immediately stops sending out CLM DLPDU and starts to monitor and check the condition
over the common medium.

When
extrag
When
anoth
to sen

When
SYNM
send

The O
node,
receiv

6.6 C

COM
value
reflec
paran

the DLE has successfully received a CLM DLPDU from other D

r CLM DLPDU. On the contrary when the V(TN) is lower, the
d out CLM DLPDU after both of T(SL) and consecutive T(ST) &

the DLE has successfully sent CLM DLPDU in total couR
DLE. On the other hand SYN DLPDU received from of

ed from another node.

ommand (COM) DLPDU

DLPDU is sent by the DLE to as
of the Type-11 fieldbus param
ed in the SYN DLPDA

SYN node to equalize and chan
r nodes, and the change sh
) time period. The Type-11 fi

\V(Th), V(T@} 1 : ic time periods, the target-token-rotation time
V(RCS): Re ;

2 32 Octet

Tl rsv

shall
(TN).

ing out

tempt

comes
ase to

SYN
LPDU

e the
all be
Idbus

period,

where
FC: Frame control(11000100) SN: Source node number
- S L00000000.)\
fav-Reserved }
CW: Control word ST: Slot time
Th: High-speed periodic time Tm: Medium-speed periodic time

Ts: Sporadic message rotation time
TI: Low-speed periodic time

Figure 12 — Structure of COM DLPDU

6.6.1.1 Parameters of COM DLPDU

The parameters of COM DLPDU are equal to that of the SYN DLPDU specified in 6.2.1.1.

6.6.1.2 User data of the COM DLPDU

No user data is conveyed by the COM DLPDU.
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6.6.2 Sending and receiving COM DLPDU

The DLE is activated to send COM DLPDU by receiving DLM_SET_Value primitive, especially

requiring change of each value of V(ST), V(Th), V(Tm), V(Ts), V(TIl) and V(RCS).

When the DLE of the SYN node has successfully received COM DLPDU from the DLE of
another node, the DLE reflects the requirement by COM DLPDU to SYN DLPDU to be sent in

the next V(Th) time period.

6.7 Cyclic data and cyclic data with transmission complete DLPDU (DT) and (DT-CMP)

Either-DIFDLRDU or DT-CMR DL PDU is usec
1 fieldbus member nodes. The di
ion of transmit completion or not.
6.7.1 |Structure of the DT DLPDU

Figurg 13 shows the structure of the DT DLPDU.

1 1 2 Up to 130
FC| SN DLCEP- User data
address

SN: Source nodg’number

cture of DT DLPDU

6.7.1.1 Param

6.7.1.1.1 DLCEP-a¢

This parameter indicate arpredefined multi-point publisher DL-connection.

Table|17 fthe DT parameter.

able 17 — DT parameter: 3rd and 4th octets

VP DLP

DLCEP-address

DLCEP-address (27 - 20) DLCEP-address (28 - 2195)

to all
DU is

7|6|5‘4‘3‘2|1|0 7|6‘5‘4‘3|2|1|0

6.7.1.2 User data

DT DLPDU can send user data up to 132 octets.

6.7.2 Sending DT or DT-CMP DLPDU

The CTRC(Cyclic-transmission TX/RC control) manages to send out DT DLPDU or DT-CMP

DLPDU on receipt of DL-PUT primitive from the DL-user.
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The type of High-speed cyclic data transmission or Medium-speed cyclic data transmission or
Low-speed cyclic data transmission shall be designated to the pp subfield of FC of the DT
DLPDU and the DT-CMP DLPDU.

6.7.3 Receiving DT or DT-CMP DLPDU

The DLE that has received DT DLPDU or DT-CMP DLPDU shall update the corresponding
Receive_ buffer associated with DLCEP address field in the DT DLPDU or the DT-CMP
DLPDU, and notify the DLS-user using DL-Buffer-Received indication primitive that the data in
the specified receive-buffer is updated and is available to read out.

6.8 RA

(<]
O

RAS DLPDU is used for transfer the RAS(Reliability, Availability, elated

information to all member node.

6.8.1 |Structure of RAS DLPDU

Figurg 14 shows the structure of the RAS DLPDU.

1 1 2 Upto 34 O
N\
FC| SN | DLCEP- User A
address /da‘i
where
FC: Frame control(\{1000 SN Source Node number

RAS DLPDU
6.8.2
6.8.2.
This g [ or predefined multi-point publisher DL-connection.

Table

e 18 — RAS parameter : 3rd and 4th octets

DLCEP-address

DLCEP-address (27 - 20y DLCEP-address (28 _ 215

7‘6‘5‘4|3|2|1‘0 7‘6|5|4|3|2‘1‘0

6.8.2.2 User data

RAS DLPDU conveys the user data, which is specifically associated with the RAS related
information of the local DLE, up to 34 octets one time. The DLE of each local node may
handle the RAS related information over 34 octets, and then the total number of the RAS
related information of each node is broken down into several fragments and each fragment is
conveyed on the RAS DLPDU.

6.8.2.3 Sending and receiving RAS DLPDU

The DLE of local node can broadcast the RAS related information to all Type-11 fieldbus
member nodes using the RAS DLPDU. The RAS DLPDU is sent during TMAC time duration
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by the DLE of each local node each by each in order of V(TN), therefore the transmission of
the RAS DLPDU or broadcasting of the RAS related information of local node is carried out on

background basis.

When the RAS DLPDU has been received, the DLE shall update the corresponding

Receive_ buffer associated with the DLCEP address field in the RAS DLPDU and noti
DLS-user using the DL-Buffer-Receive indication primitive that the data in specific re
buffer is updated and is available to read out.

7 DLE elements of procedure

fy the
ceive-

71 verall structure
The DLL is composed of control elements of Cyclic transmission
Sporadic TX/RX Control (STRC), Access Control Machine(ACK

Control(RMC), TX/RX Framer, Octet Serializer, Octet Deseri
Interface.

The ACM as the primary control element provides the

The

Figurg

dium
icient
ansfer
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7.2

Upon [power-up
into the OFFE-LINE
DLPDMU «eceived.

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
ACN_RECV_DATA.ind
SEND_ENABLE.ind y Y
» »
A 4 A4

Access Control Machine
RME_SEND_DATA.req/conf

RM¢_RECV_DATA.ind R <
7

TX_PATA reg/conf

RX IDATA A(.‘ind Redundancy Medium Contro

RX |DATA_B.ind T

A .
v | —_\ ] (7
TX RX M G
Framer \@<\ ramef
Enable m ~/
Octet SékalizddetetSerializg &FQQ ctet
[\ erializer serializer

{

-

Ch-B

PLS_CARIER.indication
PLS_SIGNAL.indication
PLS_DATA_VALID.indication

wre 15 — Overall structure of DLL

Initia

rate. When in OFF-LINE, the DLE shall not transmit and shall igno

er the reception of the DLM-RESET request primitive, the DLE shall 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 16 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

SL) expired

T(SL) expired

SYN mode .
All transactions

Figure 16 — DLE state

7.3 (Qyclic transmission TX/RX conirolC
7.3.1 |Overview
The (yclic transmission TX/RX C) i tching

the DLSDU received for 8 nd the
ACM.

DL-Dgta-Req indjsatio
transfer from e@D
primitive. The DLSAys

Data-feq indicatio

data
send buffer of the DLE using DL-Put rgequest
sed with the DLCEP-identifier parameter in tHe DL-

Each PLS-usérbuffer data for Time-critical cyclic data transmission. After thg DLS-
user :ﬂata resegive i\ issues ACM_SEND_DATA request primitive to initiatel ACM
sending | data as DT or DT-CMP DLPDU.

DL-D3ta-Req i gn primitive is issued by the CTRC in response to SEND_ENABLE

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

indicaL[ion primitive~xfrom the ACM. The SPEED Class parameter in SEND_ENABLE indication

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
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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 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 |nd|cat|on pr|m|t|ve has been recelved from the ACM the CTRC

updat bd and is available to read out. The DLS-user can read out the
using |IDL-Get request primitive in response to DL-Buffer-received i
CTRC.

7.3.2 |Primitive definitions

7.3.2.1 Primitives exchanged between DLS-user a

The primitives exchanged between DLS-user ana n Table 19 an

primitijves exchanged between the CTRC and thg A

_CEP-
ssues
DLE is

Jbuffer

m the

d the

Table 19 — Primitives excha ser and CTRC
Primitive name Séurc?_\ \ Associated parameters
DL-Dafa-req.indication "\ /c@\ \ DLOEPY{dentifier
DL-Put.request KDL-user DPCZEP-identifier,

/D‘Eg/DU-Iength,
“ DLSDU

DL-Pu}.confirm <> K TRC\\/ DLCEP-identifier,
Status

DL-Buffer-received. in ; <a{on \c#kc\ DLCEP-identifier

DL-Ge}f.request \D\L_-/us(er DLCEP-identifier
DL-Ge}.confir CTRC DLCEP-identifier,
DLSDU-length,
DLSDU,
Status
Ta e 20 — Primitives exchanged between CTRC and ACM
PI ;Ill;t;vc marnnme SUMI A" Aaauu;atcd Pﬂl ﬂlllctcla
SEND_ENABLE.ind ACM Speed-class
ACM_SEND_DATA.req CTRC DLPDU
ACM_SEND_DATA.conf ACM Status
ACM_RECV_DATA.ind ACM DLPDU

7.3.2.2 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 21.
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Table 21 — 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

Status Status-reportwhether the rnqunefnr{ serice-is. eur\t\neefully rr_\rn\liri or

failed for the reason specified /\

7.3.3 |CTRC state table

The state transition diagram of the CTRC is depicted in Figure T statg table

is shown in Table 22.

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 22 — 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"
=3
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 := "failyreX
i A O
3 | READY DL-Get.request {DLCEP-identifier } @EY
/ CHECK_PAR_GET (DLCEP-identifier) = "True"
=3
DL-Get.confirm { DLCEP-identifier, DLSDU-length
DLSDU := GET_BUFFER(DLCEP-identifier), Sta
!
4 READY DL-Get.request {DLCEP-identifier} READQY
/ CHECK_PAR_GET (DLCEP-identifier) ="
=3
5 READY i READQY
-- immediate
6 ?EAD\\\SE _ENABLE.ind {Speed-class} READY
| Speeq-class <> "SPORADIC" &&
K_NEXT_SEND(Speed-class) = "False"
=
ACM_DATA.req { null -- no data
l
ACM_DATA.conf {} -- immediate
=
NEXT(Speed-class)
7 READY ACM_DATA.ind {DLPDU} READY
/ Class <> "SCOPRADIC" &&
CHECK_PAR_DT (DLPDU)
=3
DL-Buffer-received.indication {
DLPDU.DLCEP-address
}

7.3.4 Functions of CTRC

All functions of the CTRC are summarized in Table 23.
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Table 23 — CTRC functions table
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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 associated with
identifier DLCEP-identifier.
CHECQK_NEXT_SEND | Speed-class True/False Check that the DLSDU specifie Sp d- class
exists. If it exists, “Tr eX Is_returgedy\othe
“False” is returned
GET_INEXT_ID Speed-class DLCEP- Get next DLCEP-i DLSUser-Buffer
identifier specified by Speed- cIa
BUILD_DT Speed-class, DLPDU ild i ~critical Cyclic data ¢ut of
DLCEP- U is assembled as
identifier,
DLSDU
0x888b
seed-class + "DT"
(TN)
address DLCEP-identifie
CHECK_PAR_DT DLPDU True/False heek that the specified DLPDU is valid. If valid,
/\ /] “True™is returned
NEXT Speedclass\| Gck that additional DLSDU specified by the
peed-class is remained. If remained, the conftrol is
returned to the top of current state
7.4 Sporadic TX/R rol (S
7.4.1 |Overview
The $poradis, TX cantr TRC) is responsible for buffering and dispatching ip time
DLSDU i poradic message data between DLS-user and the ACM.
7.4.2 |Primiti itions
7.4.2.1 Primitives exchanged between DLS-user and STRC
Table shows

all primitives exchanged between the STRC and the ACM

Table 24 - 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 25 - 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

7.4.2.p Parameters used with primitives exchanged between DLS-use d STRC
All pgrameters used with primitives exchanged between the DLS-uyse STRC is
shown in Table 26.
Tahle 26 — Parameters used with primitives exchanged bé&tween\DL STRC
Parameter name @es\cﬁ.ék{or\ \
DA Destination Address X
SA Source Address ( (7 \ \/
MSDU MAC service data {init\ \"
saice datg pni\ V) N N
Status Indicate whether the requested service of DL-SPDATA.request is
successfully provided oxfailed\for the/reason specified
Rec-Sfatus Indicatgs whetha\t\thLm had received without error or not
DLPDY DLPDl&kfor po dic\x\es age transfer
Speed}class Speedkclass %qgést d by DLS-user. In Sporadic message transfer
N service,§peged-class J§’specified as “Sporadic” or Class 1
7.4.3 |STRC st s
The state transitiop\d futh is depicted in Figure 18, and the STC state table is
showr
\\/\ Al transactions

READY

ACM_SEND_DATA.reg/conf
ACM_RECV_DATA.ind
SEND_ENABLE.ind

Figure 18 — State transition diagram of STRC
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Table 27 — STRC state table

c t Event
# urren Icondition Next state
state .
—actions
1 READY DL-SPDATA.request {DA, MSDU} READY
/ CHECK_PAR_SPDATA ( DA, MSDU ) = "True" &&
CHECK_SPDATAQ () <> "Full"
=
QUEUE_SPDATA (DA, MSDU)
DL-SPDATA.confirm { DA, MSDU,
Status := "success"
i
2 READY DL-SPDATA.request {DA, MSDU} READQY

/ CHECK_PAR_SPDATA ( DA, MSDU ) = "True" &&
CHECK_SPDATAQ () = "Full"

=

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

}

3 | READY DL-SPDATA.request {DA, MSDU} \ \> READY
/ CHECK_PAR_SPDATA ( DA, MSDU ) = "Fal
=
DL-SPDATA.confirm { DA, MSDU,
Status := "Failure - Invalid para% (\
} N

4 READY SEND_ENABLE.ind {Speedxclas REAQY
| Speed-class = "SPORADIC’
CHECK_SPDATAQ( ) <>
-- immediate response
5 READY READQY

ceived.indication {
LCEP-address

7.4.4 LEFunctions of STRC

All functions of the STRC are summarized in Table 28.
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Table 28 — 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
DEQlllEUE_SPDATA (none) DA, Dequeue from the SPDATA e on a FJEQ basis
MSDU (qne\
BUILD_SPDATA DA, DLPDU Build into DLPDU of S orzﬁic
MSDU
CHE@¢K_RCV_SPDATA | DLPDU True/False hlid,
7.5 Access control machine (ACM) C)
7.5.1 |Overview

The dccess control machine (ACM) i
and sg¢ iti

and fd

The A
a)

b)
c)

d)

7.5.2

The £

deterministic medium access gontrol
for control to add and remove hodes

od;
odes,

ion of
DU is

CM, functions schedule all communications between the DLEs participating |n the

Type-*

a)

b)

46 o1 ol ol dlo ' H £l H ' H 4 Heoel 4
T TITTUUUS, alttu ume Ty UT s CUTTITTTuUTeatiurns 15 CUTTUUTITU 'do U

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;
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c) 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 performed within a pre-specified time period of the corresponding level of
priority and is based on the regular ISO/IEC 8802-3 applications.

7.5.3 Primitive definitions
7.5.3.1 Primitives exchanged between ACM and RMC

Table 29 summarizes all primitives exchanged between the ACM and the RMC.

Table 29 — Primitives exchanged between ACM and R

Primitive name Source Associa}\eip;‘ra@&ﬁrs
RMC_BEND_DATA.req ACM RMSDU Q \ \ >
RMC_SEND_DATA.conf RMC RMC-status \
RMC_RECV_DATA.ind RMC RMSDU XX \

NONW

t ACM and the RMC are

The garameters used with the
described in Table 30.

primitives exchange betwe

ives\exe

tween ACM and RM(

7

Table 30 — Parameters used wi

Parameter name scrlptlon

RMSD SDU of RMC \ D, NN\

RMC-dtatus Swsﬁdwb\the\r’ssy)ts Rf}}e request to RMC
A N

7.5.3.2 Primitivtex

Table|31 summarizes’a

b — e's exchanged between ACM and CTRC

Prin}i{ive na \ Source Associated parameters
SEND| E@M \ \ ACM Speed-class
ACM_$END_DATATSq CTRC DLPDU
ACM_$END_DATA.conf ACM ACM _status
ACM_REGV-DATA.ind ACM DLPDU

The parameters used with the
described in Table 32.

primitives exchange between the ACM and the CTRC are

Table 32 — 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
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7.5.3.3 Primitives exchanged between ACM and STRC

Table 33 lists all primitives exchanged between the ACM and the STRC.

Table 33 — 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_$END_DATA.ind ACM DLPDU

The parameters used with the

described Table 34.

Tlable 34 — Parameters used with primitives exchan

C are

Parameter name

ACM_$tatus

Status indicating the results / a \ >

DLPDUY

SDU of AMC

A/

Speediclass

7.5.4 |ACM state table

The s{ate transition diagr

9,

AN
Speed classﬁd}oitinﬁm\e-?}itical(Cy ic a\tg/tzansmission
N/
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OFFLINE
5
2
y
>
—> i
/ IDLE o 18 N\
6,7,89,10,12 14,17
3 'Y
v /’\ ' /—\

y

ACTIVE

_IDLE <

19,20

\ 4

NEXT_CYCLE

The state “OFFLINME” i
In thiq state, all
DLE. When "In_R

35

sued.

The s hen a
SYN ER” in
which to the
currer media
contin which
the nd

The slate(“ACTIVE_IDLE” is in the Type-11 fieldbus membership, and the node manages to
obtain thestransmission right by the Type-11 fieldbus medium access control, either when the
node i3 operating as the SYN mode Dy transmitting the SYN DLFDU oI as the Non-oY N mode

receiving the SYN DLPDU by other SYN node, the state is in “CHECK_TOKEN”.

The state “CHECK_TOKEN” waits until V(Tsl) becomes equal to V(TN) in order to send out
the data over the transmission media. When V(Tsl) becomes equal to V(TN), the state

changes to “USE_TOKEN".

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 35.
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Table 35 — ACM state table

Current state

Event
Icondition
=actions

Next State

Any states

POWER-ON or RESET
=>

OFFLINE

OFFLINE

In_RIng_Desired = "True"
=>

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

IDLE

IDLE

RMC _RECV_DATA.ind { RMSDU }

ENTER

/ RMSDU.FC = SYN &&
RMSDU.PN = V(TN) &&
V (LL)<V(TN)> =0
=> -- receiving SYN frame and LL this node not live --
SYN_frame := RMSDU
V(LN) :=1
START_TIMER ( T(SL), V(SL))

IDLE

EXPIRED_TIMER ( T(SL) ) = "True"

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

=>
RMSDU := BUILD_PDU ( CLM )
RMC_SEND_DATA.req { RMSDU//‘\

CRAIMN

IDLE

RMC_RECV_DATA.ind { RM

/

=> - recewmg
START_ TIM

§<~i
&

IDLE

ENTER

V(LL)<V(LN)> = 1 %
V(LN) <> V(TN)
=>
_START_TIME g\\?

ENTER

ENTER

LL) V(LN)> =

ENTER

= Maximum Node No. --
ILD_PDU ( REQ)

MC\SEND_DATA.req { RMSDU }
ARD TIMER ( T(SL), V(SL))

ENTER

MSDU.FC = CMP &&
(LN) <> V(MN)
=> -- Live Node less than Maximum Node No. --
V(LN)++
START_TIMER ( T(SL), V(SL) )

EQAC_RECV_DATA.ind { RMSDU }
/

ENTER

10

ENTER

RMC_SEND_DATA.conf { }

ENTER

=>
( none)

11

ENTER

RMC_RECV_DATA.ind { RMSDU }
&& FC = SYN

IV (LL)<V(TN)> = 1

=>

SYN_frame := RMSDU
V(LN) :=1
START_TIMER ( T(SL), V(SL) )

ACTIVE_IDLE

12

ENTER

EXPIRED_TIMER ( T(SCMP) ) = "True"
=>
V(LN)++

ENTER

13

ENTER

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

14

CLAIM

RMC_SEND_DATA.conf { }

/ CHECK_COL () = "False" &&
All_Slot_Time <= V(MN)

=>
All_Slot_Time++
START_TIMER ( T(SL), V(SL) )

CLAIM

15

CLAIM

RMC_SEND_DATA.conf { }
/ CHECK_COL () = "False" &&

ACTIVE_IDLE

All_Slot_Time = V(MN)
=>
V(LL) =0
V(LL)<V(TN)> := 1
RMSDU := BUILD_PDU (SYN)
SYN_frame := RMSDU
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))

16

CLAIM

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

START_TIMER ( T(SL), V(SL)

%x\lm

17

CLAIM

RMC_RECV_DATA.ind { RMSD
=> -- receiving a frame exc pt oye ~
START TIME}(Z\'{SL)

CLAIM

18

CLAIM

IDLE

19

ACTIVE_IDLE

P

EXPIRED_TIMER (T |_) = "Thye! \/
= - Explred S|Ie eTi
START_TIMERTT(SL),

CHECK_TOKEN

20

ACTIVE_I@

CHECK_TOKEN

21

ACTI N

X\

C_RECV_DATA.conf { RMSDU }
FC=DT

/R
> -- sending DT frame--
CM_RECV_DATA.ind { RMSDU }
START_TIMER ( T(SL), V(SL))

ACTIVE_IDLE

22

ACTIVVEA

RMC_RECV_DATA.conf { RMSDU }

=> -- Receiving SPORADIC Frame --
ACM_RECV_DATA.ind { RMSDU }

/ RMSDU.FC <> Type-11 fieldbus FRAME

ACTIVE_IDLE

START_TIMER { T(SLJ, V(SL))

23

ACTIVE_IDLE

EXPIRED_TIMER ( T(SL) ) = "True"

/

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

IDLE

24

CHECK_TOKEN

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

=> -- Get token --
Speed-class := 3 — High Priority
START_TOKEN_HOLD_TIMER ()
SEND_ENABLE.ind { Speed-class }
START_TIMER ( T(MAC), V(MAC) )

USE_TOKEN

25

CHECK_TOKEN

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

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

CHECK_TOKEN
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26

CHECK_TOKEN

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

V(LN)++

CHECK_TOKEN

27

CHECK_TOKEN

/V(LN) = V(MN) &&
SYN_frame .PN = V(TN) &&
SYN_mode = "False"
=> -- Non-SYN mode, on MAC control time --

ACTIVE_IDLE

IF Required COM frame

THEN
RMSDU := BUILD_PDU (COM)
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 timéx-
START_TIMER (T(MAC), V(MAC)/)/—\

E%\C@_E
N

29

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU}
/ RMSDU.FC = CMP &&

V(LN)++ = V(TN)
=> -- Get token /4
-- matching V(
STOP_TIMER
Speed-class :=

>USE_TOKEN

30

CHECK_TOKEN

O

CHECK_TOKEN

31

CHECK_TO ﬁ\

Speed-class := 3 -- High Priority
TART_TOKEN_HOLD_TIMER ()
END_ENABLE.ind { Speed-class }

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

USE_TOKEN

32

CHECK TOREN

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

=

CHECK_TOKEN

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

33

CHECK_TOKEN

RMC_RECV_DATA.conf { RMSDU }

/ RMSDU.FC = DT

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

CHECK_TOKEN

34

CHECK_TOKEN

RMC_RECV_DATA.conf { RMSDU }

/ RMSDU.FC <> Type-11 fieldbus FRAME

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

CHECK_TOKEN
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