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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Real-time Ethernet TCnet (Time-Critical Control Network)

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all natlonal electrotechmcal commlttees (IEC Natlonal Commlttees) The object of IEC is to promote
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this end and in add|t|on to other activities, IEC publlshes Internatlonal Standards It ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter refe ed to,"gqs “IEC
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Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights
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Real-time Ethernet TCnet (Time-Critical Control Network)

1 Introduction

1.1 General

This PAS describes a set of the specifications essential for the ISO/IEC 8802-3 based “Time-
critical Control Network (TCnet)”, which is one of the communication networks for Real- Time
Ethernet (RTE) defined in IEC 61784-2 and is referred to as “RTE-TCnet” hereafter, and each

o 4400

SPECI ballUll III l.IIIO rr\o ID I.U UU \JIGDDIIICU IIILU (=] DUPGIGLU pdll UI II_U UTTJO DUIIUD

This PAS meets the industrial automation market objective of pro,
deterministic and reliable time-critical data transfer and means, whit

non time-critical data transfer over the ISO/IEC 8802-3 series comminications
suppolrt of cooperation and synchronlzat|on between automatiop pro

real time application system. The term “time-critical” is used
time-window, within which one or more specified actions 4
some [defined level of certainty.

This HAS specifies the part of the protocol set of th

H with

and/or

of ong or more communication proﬂles reIated RTE-
TCnefl communication profile, shown j the 7
layer PSI Basic Reference model. For reg upper
layers| mapped over the Data Link layeni time-
critical applications with Common Memory runningi\in p er for
RTE-TCnet is specified. The Data Link et has the extension, but compliant
to thg ISO/IEC 8802-3 MA i i critical

commjpunications and comtr

egtlar ISO/IEC 8802-3 Time-critical applications
sed applications with Common memory
Applicatien laye TI§:NE‘f, FTP, HTTP Common memory
C XML-DA etc

Trans a RFC 768(UDP)

RFC 793 (TCP) null
Network'layer RFC 791 (IP)
Data Link laver ISO/IEC 8802-3

Specific scheduling extension

Physical layer ISO/IEC 8802-3 (Redundant)

Figure 1 — RTE-TCnet communication profile
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This PAS addresses the essential part of the RTE-TCnet profile, which are the extension part
of ISO/IEC 8802-3 based Data Link layer and the Application layer exploiting the services of
the Data Link layer immediately below.

This PAS describes the specifications essential for RTE-TCnet profile, specifically on the Data
Link layer and the Application layer, in terms of the “three-layer” Fieldbus Reference Model
which is based in part on the OSI Basic Reference Model. Other part of RTE-TCnet profile is
not in the scope of this PAS.

1.2 Nomenclature for references within this PAS

Clausfs, InclUding annexes, can be reterenced In thelr entirety, nciuding_any subordinate
subclquses, as “Clause N” or “Annex N”, where N is the number of the cfause qr lettér|of the
annex.

Subclauses can be referenced in their entirety, including any subordinate 3¢S, as
“N.M” is the
numbe¢r of the subclause or letter of the annex, and M, R nt the
succepsive levels of subclause up to and including the sulx

When|a clause or subclause contains one or more i Ubclauses, the text between
the clause or subclause heading and its first subordin Z in its
entirefy as “N.0” or “N.M.0” or “N.M.P.0” f ,

Stateq

clausd

2 Sctope

2.1 |Field of applicatic

In industrial co g inds i i i , s and
Actuators, Programry istributed Control Systems and Human Machine
Interfgce devices 2 i 2. ¢ ontrol
data A d the
commpunications 3 these field devices requires simplicity in application prografnming
and t . In most industrial automation systems$ such
as fo¢d, , including a rolling mill, the control network is
required ' ime-gritical response capability for their application, as requifed in
ISO/T i i

Plant production may be compromised due to errors, which could be introduced to the gontrol
systemif the network does not provide a time-critical response. Therefore the following

characteristicsare requiredforatime=criticatcontrot metwork:

A deterministic response time between the control device nodes

Ability to share process data seamlessly across the control system

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

This PAS specifies the protocol set necessary for RTE-TCnet, specifically of the Data Link
layer and the Application layer, which is mapped on top of the Data Link layer to exploit the
services in terms of the “three-layer” Fieldbus Reference Model which is based in part on the
OSI Basic Reference Model. Both Reference Models subdivide the area of standardization for
interconnection into a series of layers of specification, each of manageable size. Throughout
this PAS, the term “service” refers to the abstract capability provided by one layer of the OSI
Basic Reference model to the layer immediately above.

Application
dervices >
Application Layer
Data Link >
services
Data Link Layer

Physical Layer

The relationship betwe
Servides and Protogol, \a
NOTE |Systems manager ,

This BAS consists

Layer

Application bayer Service definitions

Application Layer Protocol specification

The services both of the Data Link and the Application layer in this PAS is a conceptual
architectural service, independent of administrative and implementation divisions.

The Data Link layer describes the extension for RTE-TCnet of ISO/IEC 8802-3 Data Link layer,
and the Application layer describes the utilization of the global common memory, which is a
conceptual virtual shared memory over the RTE-TCnet however is mapped onto the physical
common memory provided in each node and is used for time-critical intercommunications
among all participating application entities on each node over the RTE-TCnet in very simple
fashion of output and input to/from regular memory configuration.
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3 Normative references

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

IEC 61158-3:2003, Digital data communications for measurement and control — Fieldbus for
use in industrial control systems — Part 3: Data link service definition

IEC 61158-4:2003 3, Digital data communications for measurement and control — Fieldbus for
use inindustrial control systems — Part 4: Data link protacol specification

IEC 6[1158-5:2003, Digital data communications for measurement and Eieldbus for

use inlindustrial control systems — Part 5: Application layer service defihition

IEC 6[1158-6:2003, Digital data communications for measurement gna co troh— Kielgus for
use inlindustrial control systems — Part 6: Application layer pro{dcol sp icati

ISO/IEC 7498-1, Information technology — Open Systems QNINg i rence
Model: The Basic Model

ISO/IFC 8802-3:2000, Information technology
exchange between systems — Local and metropo
Part 3: Carrier sense multiple access
physigal layer specifications

information
ents —
d and

ISO/IEC 8822:1994, Information technglogy —\Open j tation
service definition

ISO/IEC 8824-1:2002,
Specification of basic notation

ISO/IEC 8825-1:2002,
Encoding Rules)
(DER

ISO/IEC 8886:1996) natle hnology — Open Systems Interconnection — Dafa link
servic

SN.1):

— ASN.1 encoding rules: Specification of| Basic
ules (CER) and Distinguished Encoding|Rules

ISO/Ig
Layer

technology — Open Systems Interconnection — Application

ISO/IE : N [Mfformation technology — Open Systems Interconnection — |Basic
Referg

- User

4 Terms and definitions

Terms and definitions of this PAS are described separately in 6.4 for Data Link Layer Service
definitions, in 7.4 for Data Link Layer Protocol specification, in 8.4 for Application Layer
Service definition and in 9.4 for Application Layer Protocol specification.

5 Symbols and abbreviations

Symbols and abbreviations of this PAS are described separately in 6.5 for Data Link Layer
Service definitions, in 7.5 for Data Link Layer Protocol specification, in 8.4.8 for Application
Layer Service definition and in 9.4.3 for Application Layer Protocol specification.
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6 Data Link Layer Service definitions

6.1 Introduction

The Data Link layer service of RTE-TCnet is defined in this section. This section of the Data
Link layer service definitions is to be one of type of IEC 61158-3 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, which is based in part on the Basic
Reference Model for Open Systems Interconnection. Both Reference Models subdivide the
area of standardization for interconnection into a series of layers of specification, each of
manageable size.

The Data Link Service is provided by the Data Link Protocol making yse~qf the selrvices
availaple from the Physical Layer. This section defines the Data Link Senr(ce charagteristics that
the inmpmediately higher-level protocol may exploit. The relationship k¢ Rternational
Standards for Fieldbus Data Link Service, Fieldbus Data Link Protocol, Fieldbus ApplidatiomService,
Fieldbyis Application Protocol and Systems Management is illustrated jq_ Figure

NOTE |Systems Management, as used in this PAS, is a local mechanism for rqanagingthe

Application Layer
Data|Link

serviges
Data LinQ\aye{Q

Physical@?\
X

N
A W\

Figureé iodship of the RTE-TCnet Data link layer to other
yers andto users of RTE Data link service

v

Data Link
Management
services

6.2
6.2.1

The Data,'Link service of RTE-TCnet provides basic time-critical messaging communidations
betwegh.'devices in an automation environment. The term “time-critical” is used to repfesent
the presence of a time-window, within which one or more specified actions are required to be
completed with some defined level of certainty. Failure to complete specified actions within
the time window risks failure of the applications requesting the actions, with attendant risk to
equipment, plant and possibly human life.

This section defines in an abstract way the externally visible services provided by the Data
Link Layer in terms of
a) The primitive actions and events of the service;

b) The parameters associated with each primitive action and event, and the form which
they take; and

c) The interrelationship between these actions and events, and their valid sequences
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The purpose of this section is to define the services provided to

1) The Application layer at the boundary between the Application and Data Link
of the Fieldbus Reference Model, and

05 (E)

layers

2) Systems Management at the boundary between the Data Link layer and Systems

Management of the Fieldbus Reference Model

Seven distinct types of services are defined in IEC 61158-3; each has a corresponding
protocol in IEC 61158-4. This RTE-TCnet Data Link service is to be included as an additional
type into IEC 61158-3 as well as the corresponding RTE-TCnet Data Link protocol, defined in

sectio

n 7 as an additional type into IEC 61158-4.

As ad
those
RTE-T

The R
IEC 6
Types

6.2.2

The p
Servid

Refergnce Model in guidi

of the OSI Basic Reference Model
b) The IETF (IP) Network Layer
TE-TCnet Data Link Service and the different

1158-3 are each presumed self-consistent,
of service.

Specifications

set of
Is the

Layers

hed in
other

Basic
Critical

s, it is

commpunications.
This HAS may be used as\h i -Programming-Interfaces. Nevertheles|
not 4 \ [ any such interface will need to address

formal
implefmentation i

ify individual implementations or products, nor does it constrg

implementations‘of Data Link entities within industrial automation systems.

There

is’, A0 conformance of equipment to this Data Link Service definition specifig

Instea

hitives.

in the

ation.

dy.eonformance is achieved through implementation of conforming Data Link pro

tocols

that fulfill any given Type of Data Link Services as defined in this PAS.
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6.3 Void
6.4 Terms and definitions

6.4.1 node
Single DL-entity as it appears on one local link

6.4.2 node-id

Two-octet primary identifier for the DLE on the local link, whose values are constrained. A
permissible value is from 1 to 255. A value 0 is specifically used for SYN node, which emits

SYN frame.

6.4.3 |[DLSAP

Distingtive point at which DL-services are provided by a single DL-ent

layer entity

6.4.4 [DLCEP-address
DL-address which designates either

a) Ong¢ peer DL-connection-end-point

igle H

igher-

b) One multi-peer publisher DL-connection-end-poifit apd impli set of
subscfiber DL-connection-end-points where each hin a
distingt DLSAP and is associated with g i

6.4.5 [multi-peer DLC

Centralized multi-end-point DL-connection offernyg single
distin;uished DLS-user known as the hing DLS-user, and a set of pger but
undistinguished DLS-user cti bscribers or subscribing DLS-users.
The publishing DLS-usex_car bscrbing DLS-users as a group (byit not
individqually), and the subscribing can send to the publishing DLS-user (but|not to
each o¢ther).

6.4.6 muItipoin@

Connection from on€ de te nedes. Multipoint connection allows data transfer from a

single|publisher
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6.5 Symbols and abbreviations

6.5.1 Common symbols and abbreviations

6.5.1.1 CSMA/CD Carrier sense multiple access with collision detection
6.5.1.2 DA Destination address

6.5.1.3 DL- Data Link Layer (as a prefix)

6.5.2 DLC DL-connection

6.5.2. +—BLGEP—Pl-connection-end-point

6.5.2.2 DLE DL-entity ( the local active instance of the Data ayer.)
6.5.2.8 DLL DL-layer

6.5.2.4 DLPDU DL-protocol-data-unit
6.5.2.

T

DLM DL-management
6.5.2.

\=2J

DLME DL-management Entity ( the lo
management

6.5.2.7 DLMS DL-managementServic
6.5.2.8 DLS Dl-service

6.5.2.9 DLSAP DL-service-accg
6.5.2.10 DLSDU
6.5.2.11 MSDU

i,

Ph-

6.5.2.12
6.5.2.13
6.5.2.14
6.5.2.15

6.5.2.1 service-access-point
6.5.2.17 QoS Quality of service
6.5.2.18 \SA Source address

6.5.3 RTE-TCnet: Additional symbols and abbreviations
6.5.3.1 CM Common memory

6.5.3.2 GCM Global common memory

6.5.3.3 RTE Real Time Ethernet
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6.6 Conventions
6.6.1 General conventions

This PAS uses the descriptive conventions given in ISO/IEC 10731. The service model,
service primitives, and time-sequence diagrams used are entirely abstract descriptions; they
do not represent a specification for implementation.

6.6.1.1 Parameters

Service primitives, used to represent service user/service provider interactions (see ISO/IEC
10731), convey parameters that indicate information available in the user/provider interaction.

This HAS uses a tabular format to describe the component parameters of the DL.S. primitives.
The pprameters that apply to each group of DLS primitives are set QGtin ghout
the remainder of specification. Each table consists of up to six col A name
of thg service parameter, and a column each for those primitiv bransfer
directions used by the DLS:

The request primitive’s input parameters;

The request primitive’s output parameters;
The indication primitive’s output parameters;

nown as requestor.submit, a¢ceptor.

NOTE 6
ively (see ISO/IEC 10731).

deliver,

One p is li in eack ach table. Under the appropriate sfervice
primit i & n the
primit
ng on
he DLS-user. When not provided, a default value for
ent of
Some

a) A-parameter-specific constraint

(=) indicatac that tha naramatar ic camanticallvy adivalant ta tha naramatarli th

{=r-ndicates—that-theparameteris-semantically-equivalent-to-theparameterlin the
service primitive to its immediate left in the table.

b) An indication that some note applies to the entry

(n) indicates that the following note n contains additional information pertaining to
the parameter and its use.

In any particular interface, not all parameters need be explicitly stated. Some may be
implicitly associated with the DLSAP at which the primitive is issued.

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

Many of the DLS primitives specify one or more identifier parameters that are drawn from
either a local DL-identifier space or a local DLS-user-identifier space. The existence and use
of such identifiers in an implementation of the services specified in this PAS is a purely local
issue. Nevertheless, these identifiers are specified explicitly in these primitives to provide a
descriptive means

a) of canceling (aborting) an outstanding request primitive before receiving its
corresponding confirm primitive;

b) for referring within a request or response primitive to persistent DL-objects, such as
buffers and queues, which were created as the result of a previous DLS primitive;

and
which
Adhergnce to the OSI principle of architectural layering nec S | on of
distingt non-intersecting identifier spaces for the DLS-providet 8 -user,
because they may have non-overlapping local views. Consegusg ' ent|f|e|rs are
required for a) and b); while DL-identifiers are required for
6.6.2 Additional convention
In the| diagrams which illustrate the DLS and Q i > [ indi ause-
and-effect or time-sequence relationg di solid
lines Wwith arrows indicate cause-and-s aghence relationships which occur |within
the DUILE-provider at a single station.
6.7 [Data link service a
6.7.1 General descriptia
6.7.1.1 Generi:
The DLS provide [y RTE-
TCnet). i to the
conce
Two ty
a) tween
b)| Sporadic message data service: The unacknowledged connectionless megssage
ttansfers between single DLSAPs, or unacknowledged connectionless message

transfer from a single DLSAP to a group of DLSAPs on the extended link.

NOTE For the purpose of clarity, the expressions "buffer transfer" and "message transfer" are used to distinguish
between the two types of communications services, connection-oriented and connectionless, respectively, that are
offered by this DLS,

The buffer transfer service or the Time-critical Cyclic data service is based on cyclic data
transfers of three kinds of transmission period. The transmission periods and the total
volumes of each level of the buffer transfer by the multiple distributed DLS-providers on the
same local link are defined when the system is configured, and are based on application
needs. Cyclic data transfers are automatically triggered by the communications system
without the user requesting them.
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There are also three types of Time-critical Cyclic data service according to the transmission
period:

a) High-speed Cyclic data transmission
b) Medium-speed Cyclic data transmission
c) Low-speed Cyclic data transmission

The message transfer service or the Sporadic message data service is based on aperiodic

data transfer,

sporadically occurred upon DLS-user requesting one or more message to

transfer. The priority level and the target token rotation time, corresponding to the target time
to obtain the transmission right to send out the message data on the medium, is defined when

the sjstem is configured, and are based on application needs. The ay is
depending on the priority level and the target token rotation time. Regular IS 802-3
Ethermet message frame is transferred by means of this message transfense
The OLS provides DLS-users with a means to set up a quality of serwc sfer of
data. |QoS is specified by means of QoS parameters repreg data
transmit delay, priority level, DLCEP data length, and sg ervice
(DLM$) is defined in 6.8.
6.7.1.2 Overview of the Data frames flow on t

Overview of the data frames flo
Figurg 4 and Figure 5.
The DLL provides the opportumty of tria br and
within]a predetermined ti beriod
(Tsyn), the SYN frame is e, the
node |with sequential br the
completion of its data ra 3 node
(Node| N) can obta rames
transmission. 5 O join
the RTE-TCnet is d
Each |node can ission right for a preset time and must transfer the
transmission¢tigt S ode within the preset time. The data to be sent and the data to
be held oyer are det priority
Data [trans cludés cyclic data and sporadic message transmission. Cycli¢ data
transmission.is IVId d into High, Medium and Low-speed Cyclic data transmission.| Each
node [sends\ the -speed Cyclic data frames on each occasion when it obtains the
transmission right. The data of lower priorities, that is the Medium-speed Cyclic data, the
sporadi i i i sent

depen

ding on the circumstances.
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» Time
SYNframe  jigh-speed-Transmission-period _ SYNiframe
i (Tsyn) "I
4 priority levels Node1 Node?2 Node3 Node n Node 1 Node 2
High-speed
orcca ] ] (L] I i
Medium-speed 7 v > 7
cyclic data 4 4 - 4 é
Sporadic @ 2]
message data
Low-speed E E
cyclic data
Figure 4 — Overall flow of Data frames during 1 Mini

The hplding time of the transmission r|ght of €3
High-gpeed Cyclic, the Medium-speed
Cyclic/ data transmission periods and b
sending aII the High- speed Cycllc data

S dium-speed Cyclic data.
g the Medium-speed Cyclic data, the

ed

of the
speed
After
If the

holdin
transmi rupted. The Node N obtains the
transmi 4 i ed Yarfsmission period, during which time all
the H i é previous Medium-speed Cyclic data is
this fashion.
NodeN B ¢ TGRS EAE N A4  H B H B —~—-77
High-
C
» < np o |
Meﬂu& i : i i i
spded B | & B Ol W
Cylic data L | | |

v

Low-speed
Cyclic data [ E

Th: High-speed transmission period (1 Cycle period)
Tm: Medium-speed transmission period (1 Cycle period)
TI: Low-speed transmission period (1 Cycle period)

Figure 5 — Overall flow of Cyclic Data frames over 1 Maximum cycle period
(Low-speed-Transmission-period)
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6.7.1.3 Sequence of primitives

A request primitive is used by a DLS-user to request a service. A confirm primitive is returned
to the DLS-user upon completion of the service. Moreover, an indication primitive is used to

report to the DLS-user the receipt of new DLS-User Data or the receipt of a new message.

6.7.1.3.1 Primitives on Time-critical Cyclic Data service

The sequence of primitives on Time-critical Cyclic Data service is shown in Figure 6.

DL_DATA_REQ indication primitive informs the DLS-user initiates the data transfer using

DL_PUT service from the corresponding DLS-user buffer associated with a specified DL

CEP

to the|send buffer of local DLE for publishing the data.

DLS-User to transfer data of the corresponding DLS-user buffer agso
DLCEP by the DL_DATA_REQ indication primitive to the Send o
the DLE is the publisher.

s the
pcified

F where

DL_Bdffer_Received indication primitive informs the DL cribed dafa if a
DLCEP has just correctly received. The data in the Re dated
and is|available, and is read by the DLS-user using

DL_Gegt request primitive which respond bllows
the DLS-user to get the data in the Re b data
from the Receive buffer to the correspondi . ¥ associated with the spégcified
DLCEP by DL_Buffer_Received indigati it hy the DLE where the DLE |s the
subscriber.

blis

4DL DATA7R§Q b/\
in a o \
DL_ Put

redue
p DK
confirmy -\ W T DL_Buffer_Received

DLPDU indication
DL_Get

|: ¢ request
DL Get
= >

confirm

Figure 6 — Sequence Diagram of Time-critical Cyclic Data service
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6.7.1.3.2 Sporadic Message Data service

The sequence of primitives on Sporadic Message Data service is shown in Figure 7.

DL_SPDATA request and DL_SPDATA indication correspond to the MA_DATA request and

MA_D

ATA indication defined by ISO/IEC 8802-3 respectively.

6.7.1.

Two different types of add Data
service and the other fp

For buffer tran B> Ti i ic/Data service: Each variable in the sysfem is
assoc|ated with a\D Rci ifi i it withi i i Bnner.
Entitigs participating htified
indire¢ 8 y one
publis

For m dic Message Data service: One or more DLSAP-addressgs are
defing ese DLSAP-addresses give access to a message transfer service.

Each
entity |
establ
user (

Sender Receiver(s)
DL_SPDATA
request P l—T----. -—
DL_SPDATA
confirm

Figure 7 — Sequence diagram

a ic@ess e service

1 Addressing

5-user
der to

sh contact between the communicating entities. Each DLSAP-address specifies g

within

the extended link

DLS-

f4he"message service (for both emission and reception). This DL-address is leique

Variable addressing is restricted to the local link. The addressing mechanism makes it
possible to identify variables and exchanges independent of the producing and consuming
DLEs. For buffer transfers all relationships between the various DLS-users are known and
defined when the system is configured. Each DLCEP-identifier characterizes a single system
variable and thus establishes a relationship between the unique publisher of the variable and
the subscribers of the variable.

Buffer transfers use the local broadcast medium and are restricted to the local link: the
DLCEP-identifier and the value of a variable are made available to all DLEs on the local link.
The DLCEP-identifier associated with the variable allows each DLE to recognize whether or
not it is the publisher or a subscriber of the value associated with the identified variable.
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The relationship of peer to peer and multi-peer DLCs and their DLCEPs is shown in Figure 8.
DLSAPs and PhSAPs are depicted as ovals spanning the boundary between two adjacent
layers. DL-addresses are depicted as designating small gaps (points of access) in the DLL
portion of a DLSAP. A DLCEP-address also designates a specific point of information flow (its
DLCEP) within the DLSAP. A single DL-entity may have multiple DLSAP-addresses and group
DL-addresses associated with a single DLSAP. This figure also shows the relationships of DL-

paths and PhSAPs.

first end-system

— 25—

second end-system

third end-system

DLS-uker | Regular RTE-TCnet Regular RTE-TCnet “RT Cné?\
ISO/IEC8802-3 User ISO/IEC8802-3 User Us:
User User >
publisher .
DLCEP S i scriber
EN- TC-
DLSAP DLSAP ;
NS N W
DL-Iayer DLCEP-/ \ DLQ
address add
DLE
Ph-layer

p, 6f DLSAP, DLCEP and DLCEP-address

EP-
esSs
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This DLS provides connection-oriented buffer transfers between pre-established point-to-
multipoint DLCEPs on the same local link.

6.7.2.2

Sequence of primitives

The Time-critical Cyclic Data service primitives and the parameters are summarized in Table

1, and the primitive sequence is shown in Figure 6.

Table 1 — Primitives and parameters used on time critical cyclimrvice

>> DLE

Function Location Primitive Direction/\ ) %Mrs
Notify|publisher Publisher DL_DATA_REQ indication | from DLE CE idw
DLS-user \E)L E}AQgt
Put blffer Publisher DL_Put request to D E | DRCEPNgentifier

x DLSRU-length
DDSDU
Put cdnfirm to Publisher DL_Put confirm r m B DLCEP-identifier
publisher DLS-user /\ Status
Notify|subscriber Subscriber(s) ffer ived w DLCEP-identifier
DLS-yser mdlcftm&\\é\ \ DLSDU-length
Get biffer Subscriber(s) | DL_G¢€t req DLCEP-identifier

DLSDU-length

DLS-yser

Confirn to publisher

Subscr er(s\)\

(DL_Ge W

from DLE

DLCEP-identifier
DLSDU-length
DLSDU

Status

NOTE

In this table, %%Now ottom.

6.7.2.8
6.7.2.8.1

DL_DATA_REQ*servise informs the DLS-user that initiates the transfer using the [
esponding DLS-user buffer associated with a specified DLCEP
Send_|buffer of local DLE for publishing the data.

service from~the ¢

D_-Put
to the

6.7.2.3.2

Types of primitives and the parameters of Data request

Table 2 indicates the parameters of Data request service.

DL-DATA_REQ Indication
Parameter name output
DLCEP-identifier M
DLSDU-length M

Table 2 — Data request primitives and the parameters
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6.7.2.3.2.1 DLCEP-identifier

This parameter specifies from which buffer the DLS-user reads and transfers the data into the
Send_buffer of the local DLE for publishing.

6.7.2.3.2.2 DLSDU-length

This parameter indicates the length of the identified buffer, that is the actual length of the
contents in a DLSDU.

6.7.2.4 Put Buffer

6.7.2.£.1 Function

DL_Put request, which responds to DL_DATA_ REQ indication, allow ser to
transfer data of the corresponding DLS-user buffer associated with% eCif FP by
the DL._DATA_REQ indication to the Send_buffer of the local D\ f is the
publisher.

6.7.2.4.2 Types of primitives and parameters of Put

Table|3 indicates the types of primitives and parame

Table 3 — Put buffer primiti

DL-Put > ﬁe\ques\t\ )Eonfirm

Parameter name in\p\Q output

DLCEP-identifier \ (\ \M > M(=)
DLSDU-lq(gth /\\ R \}/I M(=)
N

DLSDH_ N ) M

Statusj\ \ M
N

6.7.2.4.2.1

This parame ink W which buffer DLS-user reads and writes data info the
Send |buffer ©

6.7.2.4.2.2

This parameter ing
contelrts in.a DLSDU.

ates the length of the identified buffer, that is the actual length jof the

6.7.2.4.2.3 DLSDU

This parameter specifies the information that is transferred by buffer transfer from the local
DLE as a publisher to the remote multi-peer DLEs as subscribers.

6.7.2.4.2.4 Status

This parameter allows the DLS-user to determine whether the requested DLS was provided
successfully, or failed for the reason specified. The value conveyed in this parameter is as
follows:

a) "success"

b) "failure — invalid requested parameter"
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6.7.2.5 Get Buffer
6.7.2.5.1 Function

DL_Get request which responds to DL_Buffer_Received indication allows the DLS-user to get
and transfer the data from the Receive_buffer of the local DLE to the corresponding DLS-user
buffer associated with the specified DLCEP by DL_Buffer_Received indication by the DLE
where the DLE is the subscriber.

6.7.2.5.2 Type of primitives and parameters of the Get buffer

Table 4 indicates the types of primitives and parameters for Get buffer.

Table 4 — Get buffer primitives and parameters

DL-Get Request Co?ﬁ/hg
Parameter name input ouhsgt \

DLCEP-identifier M NEEWN

DLSDU-length M < \M(§>\‘ >
DLSDU \\/l\

(o KW

6.7.2..2.1 DLCEP-identifier

This garameter unambiguously design DLS-user reads and transferp data

from the Receive_buffer of
6.7.2.5.2.2 DLSD

This garameter ipdicat
the logal DLE toe

ata to be transferred from the Receive_buffer of

eEmote

6.7.2.9.2.

This bvided
succepsfully, or failed for the reason specified. The value conveyed in this parameteq is as
followp:

a) "success"

b) "failure -- invalid requested parameter”
6.7.2.6 Notify Buffer Received
6.7.2.6.1 Function

DL_Buffer_Received indication informs the DLS-user that a subscribed identified data has just
correctly received. The data in Receive_buffer of the local DLE is updated and is available,
and is read by the DLS-user using the DL_Get request primitive.
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6.7.2.6.2 Types of primitives and parameters of the Notify buffer received

Table 5 indicates the types of primitives and parameters for Notify buffer received.

Table 5 — Notify buffer received primitives and parameters

DL-Buffer_Received Indication
Parameter name output
DLCEP-identifier M
DLSDU-length M

6.7.2.6.2.1 DLCEP-identifier

This garameter unambiguously designates to which buffer DLS-useg fdrs the

data ffom the receive buffer of the local DLE.

6.7.2.6.2.2 DLSDU-length

This parameter indicates the length of the identified buffentha e actual length pof the

contemts in a DLSDU.

6.7.3

6.7.3.1 General

This single
DLSA P to a
group
A pai pf the
MA_D;

6.7.3.

The S
and th

Able 6,

Function \)ocation Primitive Direction Parameters]

Send PLSPY Sender DL_SPDATA request to DLE DA( destination_addresp )
SA( source_address )
MSDU{ m_sdu )
Service_class

Send confirmation to | Sender DL_SPDATA confirm from DLE Status

calling DLS-user

Notify and provide Receiver(s) DL-SPDATA indication from DLE DA(destination_address)
MA_SDU received to SA(source_address)

peer called DLS- MSDU(m_sdu)

user Rec_Status( reception_status )

NOTE 1 In this table, time increases from top to bottom.
NOTE 2 DL_SPDATA service primitives respond to the MA_DATA service primitives defined by ISO/IEC 8023:2003.
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6.7.3.3 Send Sporadic message
6.7.3.3.1 Function

DL_SPDATA service primitives allow the DLS-user to transfer message data to a single peer
DLS-user or multi-peer DLS-users in remote nodes.

6.7.3.3.2 Types of primitives and parameters of the Send sporadic message

Table 7 indicates the types of primitives and parameters for Send sporadic message.

Table 7 — Submit sporadic message primitives and parameters

DL-SPDATA Request Indication C/Q\qfirm
N
Parameter name input output A outpL(\
DA(destination address) M

U
Service_class U \ \\\ \
MSDU (m_sdu) M M \\ )

Rec-Status (reception status) ~ Df\ \

DY,

N

This garameter indicates the DLE(s) fox w is intended. It may be an indjvidual
or multicast (including bre

M(=)
SA(source address) M(=)(\
0

6.7.3.8.2.1 DA (destination addres

6.7.3.8.2.2

This parameter S ividt om which the DLPDU is sending.

6.7.3.8.2.3

This parameie ifies th AC service data unit to be transmitted by MAC sublayer gntity.

6.7.3.8.2

This parameterindicates a quality of service requested by DLS-user.

NOTE |The(RTE-TCnet DL protocol as well as the CSMA/CD (ISO/IEC 8802-3) MAC protocol provides @ single
quality pfservice regardless of the service_class.

6.7.3.3.2.5 Rec_Status
This parameter is used to pass status information upon the DLPDU received to the DLS-user.

a) "success — received without error "

b) "failure — received but with error "
6.7.3.3.2.6 Status

This parameter allows the DLS-user to determine whether the requested DLS was provided
successfully, or failed for the reason specified. The value conveyed in this parameter is as
follows:

a) "success — successfully completed "
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b) "failure — invalid requested parameter
6.8 DL-management services

6.8.1 General

The interface between a DLE and a DL-management user (DLMS-user) is described. The
services of this interface are needed for the protocol which implements the DLS specified in
6.7 Data link service and concept.

6.8.2rEa.c.ili1LLs_Q_UJJ.e_D_L;M.a.n.a.q.e.m.em_s_e.uL:e
DL-management service provides the facilities for the initialization, configuratien,. eve

error phandling between the DLMS-user and the logical functions in ¢}
functions are provided to the DLMS-user.

ht and
owing

a) Reset of the local DLE

b) Request for and modification of the actual operating
of the local DLE

c) Notification of unexpected events, errors, and sta emote

Linters

d) Request for identification and for the CommEn Memgry “sQ local
DLE

e) Activation and deactivation §

6.8.3 Service of the DL-manageme¢
6.8.3.1 Overview
DL-management provi DLMS-user.

a) Reset
b) Set Value
c) Get Valge

The services Reset, Set Value, Event. Set Publisher configuration and Activate Publishier are
considered mandatory. Other services are considered optional.

6.8.3.2 Reset

The DLMS-user employs this service to cause DL-management to reset the DLE. A reset is
equivalent to power on. The DLMS-user receives a confirmation thereof.

6.8.3.3 Set value

The DLMS-user employs this service to assign new values to the variables of the DLE. The
DLMS-user receives a confirmation whether the specified variables have been set to the new
values.
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6.8.3.4 Get value

This service allows the DLMS-user to read variables of the DLE. The response of the DL-

management returns the actual value of the specified variables.

6.8.3.5 Event

DL-management employs this service to inform the DLMS-user about certain events or error

in the DLL.

6.8.3.6 Set Publisher configuration

The DLMS-user employs this service to assign new Publisher configuration
Time-gritical cyclic data of the DLE. DLS-user receives a confirmation
paramnieters have been set to the new one.

6.8.3.7 Get Publisher configuration

This slervice enables DL-management to read Publisher configuxation para
critical cyclic data. The response of the DL-management rs
configluration parameters.

6.8.3.8 Activate Time-critical Cyclic data seryice

This s$ervice allows the DLMS-user
service. The DLMS-user receives the ¢x
data tfansmission has been started or this

6.8.3.9 Deactivate Time

This gervice allows th
service. The DLMS-use

data t ansmissionfas b

53 rameterslto the
cified

Time-

ission
Cyclic

ission

ion’whether the designated Time-critical [Cyclic
request has been completed unsuccessfully.
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Overview of interactions

— 33 -

The DL-management services and their primitives are summarized in Table 8.

Table 8 — Summary of DL-management primitives and parameters

Service Primitive Parameter

Reset DLM-Reset request (<none>)
DLM-Reset confirm (out Status)

Set value DLM-Set-Value request (in \r/‘ari_ablde-nalme‘,
DLM-Set-Value confirm (out Status) (

Get value DLM-Get-Value request (in Varlab -rﬁm
DLM-Get-Value confirm (out Staﬂ\\\\e\\

Current-¥al
Event DLM-Event indication

(ofyt Wn |f|
tiq orm

Set Publisher
configuration
parameters

DLM-Set-Publisher-Configuration N \D%: eed- lass,
request DeSire-gon ration)
DLM-Set-Puinsher-Configur tio (0 tsﬁm&)

confirm

Get Publisher
configuration
parameters

DLM-Get-P, her- igupation
request

\@ )Q@re-speed-class )

T

MStatus,

Current-configuration)

Activate Time-
Critical Cyclic
service

confirm
-TC

DLM- Actlva

(in  Desired-speed-class)

([Begaeciin >

(out Status)

Deactivate Time-
Critical Cyclic
service

\D\LM De(\owate\(}@\_g,u/e

(in Desired-speed-class)

(out Status)

The s¢quence of

E}N\ew\e\T@ confirm
N

a

Local

NLM-XXXX. request

DLM-XXXX. confirm

ment/primitives are shown in Figure 9 and Figure 10.

Remote

Figure 9 — Sequence diagram of Reset, Set value, Get value, Set CM configuration,

Get CM configuration, Activate Time-critical cyclic data and
Deactivate Time-critical Cyclic data service primitives

Local

DLM-Event. indication

Remote

Figure 10 — Sequence diagram of Sporadic Message service
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6.8.4 Detail specification of service and interactions
6.8.4.1 Reset
6.8.4.1.1 Function

The DLM-Reset request primitive causes DLMS to reset the DLE. The DLE assumes the
“Offline” status after carried out in the same manner as at a power on, and all DLE variables
are cleared. The DLMS-user receives DLM-Reset confirmation primitive with the status of the
result in success or failure.

6.8.4.1.2 Type of primitives and parameters of DLM-Reset

Table|9 indicates the primitive and parameters of the Reset service.

Table 9 — DLM-Reset primitives and paramtzfé\

DLM-Reset Request éan\\m

Parameter name input opput

AN
Status \ \ \\M\ >
N
NOTE The method by which a confirm primiti¥e is corrslatéd with it$, corres-
ponding preceding request primitive is a loca ma@

6.8.4.1.2.1 Status

This parameter allows the DLMS-u i hether the requested DLM$ was
provided successfully, or fz ied>The value conveyed in this pargmeter
is as follows:

a) “OK — succes
b) “Failur,

6.8.4.
6.8.4.2.

This § 5-user

receiv

6.8.4.

Table|10.indicates the primitive and parameters of the set service.

Table 10 — DLM-Set-value primitives and parameters

DLM-Set value Request Confirm
Parameter name input output
Variable-name M
Desired-value M
Status M
NOTE The method by which a confirm primitive is correlated with its corres-
ponding preceding request primitive is a local matter.
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6.8.4.2.2.1
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Variable-name

This parameter specifies the variable within the DLE whose value is to be set. The selectable
variables are defined in the corresponding part of clause 7 Data Link Layer Protocol

specification.

Table 11 — Mandatory DLE-variables and the permissible values

Operating parameters

Variable-name

Description

Permissible values

Th High-speed transmission period value 1 to 160 in 0,1millisecond)

Tm Medium-speed transmission period value 10 to 1000, miIIisecondI}

TI Low-speed transmission period value 100 toMOO/(\n 1\I|second )

ST Slot-time is the fundamentally i

observational time unit, using in DLME for
observing to initiate action such for re-
initialisation in sending out CLM packet,

for sending out the CMP packet

specifically by the current SYN node in <
substitute for the node missed to send out
the CMP packet.

MTHT Maximum-token-hold-time for high- pe Valde 110 281 (in octet time. Default

cyclic data transmission /‘@Iue is 0x30B4 (= 900 us).)

TISPD Time-interval cyc progés ed (\D/élu is to 1000 (in 1 millisecond.

Sporadic messag data e efallt value is 100.)
MD Maximum dlstance omthe cennectio \Va'lﬁe 1 to 100 (in kilometre. Default

between any 2 no es value is 8.)
MDD Maxi um dlfferen istan W Value 0 to 2000 (in metre. Default value

ySi edl $.8n the is 500.)
ectl path be n an
MPD delay Value 1 to 0x7c (in 0,04 us. Defaylt value
redundant is 0x7c (= 5 us). )
e cgnnection path
MN /\< \qui m Wr 254 (Default value)
1A ndiv: uwe/sg of this node Individual address in 48 bits length
identical to ISO/IEC 8802-3.
MGA \ U|Woup address Multicast address in 48 bits length
identical to ISO/IEC 8802-3, for Idgically
associated TCnet nodes. Default yalue is
0x01-0x00-0x5e-0x50-0x00-0x01.
MRT Maximum number of the repeater units on | Value 0 to N (Default value is 3.)
the connection path between any 2 nodes

BW Length of Time-critical Cyclic Data word Value is 32 to 128. (in octet. Defaplt value
ina DLPDU is 128.)

SCMPL Permissible repetitive count of the CMP Value 1 to 16. (Default value is 3)

packet sent by SYN node in substitution
for the corresponding node in order to
detect a node out of service.
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Table 11 — (continued)

Operating parameters

Variable-name Description Permissible values
RCS Receive- channel switching control for Designates the switching control for
receiving packets receiving packets out of one of two

receive-channel A and B corresponding
to each of the redundant medium A
and B.

“Automatic”: Automatically switch to the
proper receive-channel. “Force A”,
“Force B”: Force to switch Recejve-

channel Aor B ctively. Default is
“Automatic”. Xﬁs\

RMGP Maximum time-interval for one receive- Value is 250. a\n 704 us. Malue P50 is
channel, which has already completed equal toA )
one packet received and has waited for
IGP time, to wait the completion of a
packet to be received on the other
receive-channel in order to detect the

other receive-channel disrupted. ( \

PBh List of the data buffers using for sengh ax. Mumber ofthe buffers is 2048.
out High-speed time-critical cyclic data

PBm List of the data buffers using f ndl Ma nu\be/of the buffers is 20¢48.
out Medium-speed time-criti¢al d a \

PBI List of the data fuffers_u ng}or endin a umber of the buffers is 2048.
out Low-speed time-cri clic\data

6.8.4.2.2.2 Desired-v4 Q

the/ selected variable. The permitted valties or
ause 7. Though a part of the mandatory| DLE-
for the information in Table 11.

This garameter specifi
value |[ranges are defi
variables and the

6.8.4.2.2.3

S<user to determine whether the requested DLM$ was
or the reason specified. The value conveyed in this pargmeter

This paramets
provided su
is as follow

c) "Eailure — invalid parameters in the request"

6.8.4.3 Get value
6.8.4.3.1.1 Function

This service can be used to read the value of a DLE variable. The response of the DLMS
returns the actual value of the specified variable.

6.8.4.3.2 Type of primitives and parameters of DLM-Get-value

Table 12 indicates the primitive and parameters of the DLM-Get-value service.
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Table 12 — DLM-Get-value primitives and parameters

DLM-Get value Request Confirm
Parameter name input output
Variable-name M
Desired-value M
Status M
NOTE The method by which a confirm primitive is correlated with its
corresponding preceding request primitive is a local matter.

6.8.4.8.2.1 Variable-name
This parameter specifies the variable within the DLE whose valug . The
selectpble variables are defined in the corresponding part of clau
6.8.4.8.2.2 Status
This parameter allows the DLMS-user to determi gquested servicg was
provided successfully, or failed for the reason specifjed. s gyed in this pargmeter
is as follows:
a) “OK — success — the variablé
b) “Failure — the variable does notexi
¢) "Failure — invalid parameters(in t
6.8.4.8.2.3 Current-
This parameter is presgnt wf { er indicates that the requested servide was
performed successfull YS\pa j'?le. A
part of the obse ation
in Tahle 13.
Tabl onal variables and the range of values
< \ \ > Operating parameter
~N
Va ia{ﬂa>mr\n\e\ \ \ Description Range of value
ATSYN \ Mserved time period from SYN packet Value is indicated in octet time.
\rrival to SYN packet arrival
ATTRTR The observed time period of the TTRT2 Value is decremented in the fange
of 216.1 to 1.
ATTRT The observed time period of the TTRT1 Value is decremented in the range
of 216110 1.
ATTRTO The observed time period of the TTRTO Value is decremented in the range
of 2161 to 1.
ATHT The observed time period of the MTHT Value is decremented in the range
of MTHT to 0.
ASL The observed time period of the SL Value is decremented in the range
of V(sL) “1too0.
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Table 13 — (continued)
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Operating parameter

Variable-name

Description

Range of value

ARMGP The observed time period for one receive- Value is decremented in the range
channel, which has already completed one of 250 to 0. Value 250 is equal to
packet received and has waited for IGP time 10 ps.

(0.96pusec), to wait the completion of a packet
received on the other receive-channel in order to
detect the other receive-channel disrupted.

ASCMP Observed repetitive count of the CMP packet Value 1 to 16. Default value is 3 and
sent out by SYN node in substitution for the is equal to the value of SCMPI .
corresponding node which has missed to send
out the CMP packet. The number counted is
indicated and is incremented coincidentally at
each DLME. A O\

NONC Permissible repetitive count of no CMP packet Valoe 1 . De Wis 3.
received by the SYN node within the
corresponding consecutive Tsyn cycles, that is
256 times by SCMPL, in order to detect no oth
node except the SYN node in the TCnet doméﬁ.\ \

ROK ,|ROKg Cumulative count of DLPDU received wi ol i -Mnge of 232100
error on the receive-channel A or B.

NCDp,[NCDg Cumulative count of Non-Carrier te@ the lue i¥in the range of 232 10 0.
receive-channel A or i
incremented at the #ime Non-Zarrier
the receive-channel
the receive-channel B.

REA. REB Cumulative count of Value is in the range of 232-1 to 0.
the receive-channel

CDh umutati unt h sp ed- cycllc data Value is in the range of 232_ to 0.

/\ ket se an t
CDm tlve Wum speed-cyclic data Value is in the range of 232 {10 0.
A tou edium.

CDI a ive ceunt Low speed-cyclic data Value is in the range of 232 {10 0.

t.sem{ out on the medium.

SD Cu uIW)qnt of Sporadic data packet sent Value is in the range of 232_ to 0.

/\ N ut the ' medium.
LL \ e ljst indicating whether or not the True: Connecting and working.
corrésponding node, at this moment, is False: not connecting and wdrking.
nnecting to and running in the TCnet domain in . o )
he received SYN frame. lee_llst isa collect|qn of_8 w brds of
32 bits length, of which bit is
corresponding to each node ip the
TCnet domain and is indicati g the
current status in operation or not.

LN Extracted number from LL at each node and Value 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 block of “y " indicating the True: Active

corresponding time-critical cyclic data being
active(health) or inactive(un-healthy)

False: inactive

NOTE 1 SL(Silence time) for detecting the current SYN node out of order, following to initiate sending the CLM
packet out from the nodes which are designated to be a SYN node.
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6.8.4.4 Event

6.8.4.4.11 Function

This service is used to inform the DLMS-user about certain events or errors in the DLL.

6.8.4.4.1.2 Type of primitives and parameters of DLM-Event

Table 14 indicates the primitive and parameters of the DLM-Event service.

Table 14 — Event primitives and parameters

DLM-Event Indication
Parameter name output
DLM-event-identifier M /\
Additional-information C \
6.8.4.4.1.2.1 DLM-event-identifier
This parameter specifies the primitive or composite ithir( th LE whose occurrence is
being [announced. The possible values are defin rrésponding part of clause 7 Dafa Link
Layer| Protocol specification. Though @3 parameters related to VYarious
eventq are shown for information in Tabl
Table 15 — Evenf related state change variables
/\ /\Qéqath\{éram}t;rs
Vatiable name A \& De&Mm )\/ Additional-informatioph
N
RCSp |RCSg , Receiva-channel B selected True: the receive-channel A ¢r B
' selected for receiving packet$
respectively.
False: Not selected for recei\ing
packets on channel A or B
respectively.
SENp, |SENp answitter™\, Transmitter B enabled to send out | True: Enabled to send out pafckets
&a ets from Transmitter A or B
respectively.
\ False: Disabled to send out packets
from Transmitter A or B
respectively. Default value if
“True”.
IS IN or out of service of total node operation True: In service
False: Out of service
FE Fatal error occurred True: Fatal error occurred and
system entered into out of service.
False: under normal operation
TCIS IN or out of service of Time-critical Cyclic data True: In service of Time-critical
transmission cyclic data transmission
False: out of Time-critical cyclic
data transmission service
CRCC Receive-channel changed True: Receive-channel changed.

Receiving channel can be checked
out using RCSp and RCSg. Is this

indicator momentary action? If not
when / how is it changed to False
state?
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Table 15 — (continued)

Operating parameters

Variable name Description Additional-information
LINKA’ LINKpg Ethernet link Channel A or B is running or not. True: Ethernet link is running.
Fals_e: Ethernet link is out of
service.
CTCC Transmit-channel changed True: Transmit-channel changed.

Transmitting channel can be
checked out using SENA and SENB.
Is this indicator momentary action?

It not when / how Is it chang€d to
False state

CLLC Live-list content changed True: Lk/c}%tep-t\chan ed.
DDLE Duplicate DLEs detected with same node Trugt { detectdd with
identifier number of TN. bet lof TN.
ith this

CCDHS State, indicating active (healthy) or inactive
(unhealthy) of the corresponding time-critica

b "
§ e chayged active from/to
ive

6.8.4.4.1.2.1.1 Additional-information
This gptional parameter provides even -sp%

6.8.4.5 Set Publisher €
6.8.4.5.1 Functio

This service allo ted to
the DSKECEP in the D been
compl

6.8.4.5.2

Table e.

DLM-Set-Publisher-Configuration Request Confirm
Parameter name TApUt output
Desired-Speed-class M
Desired-configuration M
Status M
NOTE The method by which a confirm primitive is correlated with its corres-
ponding preceding request primitive is a local matter.
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6.8.4.5.2.1

Desired-Speed-class

This parameter specifies the speed class for the Time-critical Cyclic data transmission. The
DMLS-user can specify High-speed, Medium-speed or Low-speed for the speed class.

a) High-speed

b) Me

dium-speed

c) Low-speed

6.8.4.5.2.2 Desired-configuration
This [.dldllldtcl bpuuificb asetoftheBECEP-dentifrers—as—= pu'uiiailcl forthe—TFime=gritical
Cyclid data transmission with the desired—Speed-class. The DLCEPfidentifiers~may be
speciffed within the range of 0 to 2047, though the maximum number gag be spwgified|in the
Iimitat’on of V(PB,), V(PB,,) or V(PB)) for the corresponding speg igh-gpeed,
Medium-speed or Low-speed respectively.
6.8.4.5.2.3 Status
This parameter allows the DLMS-user to determine b was
provided successfully, or failed for the reason specifigd. yed in this pargmeter
is as follows:
a) “OK —success — the Publishe
b) “Failure — terminated unsucce
c) "Failure — invalid parameters jn
6.8.4.6 Get Publishe
6.8.4.6.1.1 Fscti
This gption service” alo ion in
the DLL. The DLM ration
when this servic
6.8.4.6.2
Table|1 e.
DLM-Get-Publisher-Configuration primitives and parameters
DLM-Get-Publisher-Configuration Request Confirm
Parameter name input output
Desire-speed-Class M
Status M
Current-configuration M
NOTE The method by which a confirm primitive is correlated with its
corresponding preceding request primitive is a local matter.
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6.8.4.6.2.1 Desire-speed-Class

This parameter specifies the speed class for the Time-critical Cyclic data transmission. The
DMLS-user can specify High-speed, Medium-speed or Low-speed for the speed class.

a) High-speed

b) Medium-speed

c) Low-Speed

6.8.4.6.2.2 Status

ice was
gmeter

c) "Failure — invalid parameters in the request"

6.8.4.6.2.3 Current-Configuration

This p ide was
perfor| | CEP-
identifiers for the Time- crltlcal Cyclic d S ( c i i peed-
class.

6.8.4.7

This service allows the DAMS-us Q active f me-critical Cyclic data transmnfission
servicg. g \fi ether the designated Time-critical [Cyclic
data tfansmission has s.request has been terminated unsuccessfully.
6.8.4.7.1 Ty RS\ ameters of DLM-Activate-TCC

Table|18 indicatest i parameters of the DLM-Activate-TCC service.

ate-TCC primitives and the parameters

\ -Actjvate-TCC Request Confirm
s\l\a%%r n input output
Desire -speed -class M

Status” M

NOTE The method by which a confirm primitive is correlated with its

FF hv\nr\r‘ Hre-pre nr-l Hre rnnllr\r\" hv‘lml" |c\ alacal matiay
SP Pt e—+5—a— ar—Ratte-

g &g GHESt

6.8.4.7.2 Desire-speed-Class

This parameter specifies the speed class for the Time-critical Cyclic data transmission. The
DMLS-user can specify High-speed, Medium-speed or Low-speed for the speed class.

a) High-speed

b) Medium-speed

c) Low-Speed
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6.8.4.7.3 Status

This parameter allows the DLMS-user to determine whether the requested service was
provided successfully, or failed for the reason specified. The value conveyed in this parameter
is as follows:

a) “Success — the Time-critical Cyclic data transmission is activated"
b) “Failure — terminated unsuccessfully”

6.8.4.8 Deactivate Time-critical Cyclic data transmission

This service allows the DLMS-user to deactivate Time-critical Cyclic data

The O
transn

6.8.4.
Table

6.8.4.

This g
DMLS

6.8.4.8.

This

LMS-user receives the confirmation whether the designated Time
nission has been terminated or this request has been completed 4

8.1 Type of primitives and parameters of DLM-Deactiva

19 indicates the primitive and parameters of the DLM-Reactivate

Table 19 — DLM-Deactivate-TCC primm the‘paxa

DLM-Deactivate-TCC M\ eqée# % Confirm

Parameter name /\ '\\ >|npU({ (3 ‘\> output
Desired-speed-class \ M \

Status M

NOTE The method by which fir We is correlated with its
correspondl ecedj est primitive is g lo¢al matter.

8.2 De

edium-speed or Low-speed for the speed class.

pafameter allows the DLMS-user to determine whether the requested servic

provided-successfully or failed for the reason specified The value conveyed in this parg

for the Time-critical Cyclic data transmission. The

e was

meter

is as follows:

a) “Success — the Time-critical Cyclic data transmission is deactivated "
b) “Failure — terminated unsuccessfully”
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7 Data Link Layer Protocol specification

71 Introduction

The Data Link Protocol of RTE-TCnet is specified in this section. This section of the Data Link
Protocol is to be one of type of IEC 61158-4 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, which is based in part on the Basic Reference Model for Open
Systems Interconnection. Both Reference Models subdivide the area of standardization for
interconnection into a series of layers of specification, each of manageable size.

This 6 by
making “use of the serwces available from F|eldbus Physical Layer ThIS Section defings the
Data en the peer
nodes|. grvice,

Fieldbus Data Link Protocol, Fieldbus Physical Service and bnt is

Data Link >

\ €
services %‘E N \L{)}a\\ o Data Link
s Managemeint
\) S services
ysicaklLayer

(\\&;ﬂ)\/

of RTE-TCnet Data Link Protocol to other
and to users of RTE Data link service

The pfFims action is to provide a set of rules for communication expresged in
terms|of theNpro 6 be carried out by peer Data Link entities (DLEs) of RTE-T(net at
the time of co ication. These rules for communication are intended to provide a [sound
basis for development in order to serve a variety of purposes:

a)“As a guide for implementers and designers:

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

c) As part of an agreement for the admittance of systems into the open systems
environment;

d) As a refinement to the understanding of time-critical communications within OSI

This section is concerned, in particular, with the communication and interworking of sensors,
effectors and other automation devices. By using the Data Link Protocol of RTE-TCnet
together with other standards positioned within the OSI or Fieldbus Reference Models,
otherwise incompatible systems may work together in any combination.
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7.2 Scope
7.21 Overview

The Data Link Layer of RTE-TCnet provides basic time-critical messaging communications
between devices in an automation environment. The term “time-critical” is used to represent
the presence of a time-window, within which one or more specified actions are required to be
completed with some defined level of certainty.

The purpose of this section is to define the Data Link Protocol that is to be one of distinct and
non-interoperable Fieldbus Data Link Protocols of IEC 61158-4. This Data Link Protocol of
RTE-TCnet is related to, and lies within the field of application of, the corresponding Data Link
Servide Definition defined in section 6.

The maximum system size RTE-TCnet is an unlimited number of links «
2 DLYAP-addresses and related peer and publisher DLCEPs, anotf
per link, and 2048 peer and publisher DLCEPs per link which can
link’s hodes.

7.2.2 Specifications
This HAS specifies:

a) T user entity to a pedr user

ol information among the

b) i tunitfies to all participating data-link
r fapdetemministic and synchronized transgfer at

c) Th i icati rtunities available for time-critica| data

ata transmission without prejudice fo the
d) The procedu
a ¢yclic and acy€li

Eion in

ledium
ormal

ontrol

otocol

Data Units

b) The interactions between a DLS-provider and a DLS-user in the same system through the
exchange of DLS primitives

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

These procedures are applicable to instances of communication between systems that
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.
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7.2.4 Applicability

These procedures are applicable to instances of communication between systems that
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.

7.2.5 Conformance

This PAS also specifies conformance requirements for systems implementing these
procedures. There are not contained tests to demonstrate compliance with such requirements.

7.3 |Void

7.4 |Terms and definitions

7.4.1 [DLSAP
Distingtive point at which DL-services are provided by a &
layer ¢ntity

8 a single Higher-

7.4.2 |DL(SAP)-address
Either| an individual DLSAP-address, dg
group|DL-address potentially designating

7.4.3 [node
Singlg DL-entity as it appears on one |

7.4.4 |SYN node
Node fransmitting SYNtam

7.4.5 |receivin
DL-sefvice user t

NOTE |A DL-service dse&r sa

7.4.6 |sending D
DL-sefvic €

7.4.7 |DLC

DL-address which desnates either

a) Orne¢peer DL-connection-end-point

b) Ornemutti-peerpubtisher Dt-conmection-end=point,anmd—impficitty 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

7.4.8 multi-peer DLC

Centralized multi-end-point DL-connection offering DL-duplex-transmission between a single
distinguished DLS-user, known as the publisher or publishing DLS-user, and a set of peer but
undistinguished DLS-users, known collectively as the subscribers or subscribing DLS-users,
where the publishing DLS-user can send to the subscribing DLS-users as a group (but not
individually), and the subscribing DLS-users can send to the publishing DLS-user (but not to
each other)
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7.4.9 node DL-address
DL-address which designates the (single) DL-entity associated with a single node
specific local link

7.4.10 node-id

on a

Two-octet primary identifier for the DLE on the local link, whose values are constrained. A

permissible value is from 1 to 255. A value 0 is specifically used for SYN node, which
SYN frame.

7.4.11 slot-time
The 512 bit time of the physical signalling symbol specified in ISO/IEC 8802-3
specification-

emits

MAC

7.4.13 token
Right fo transmit on the local link

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

7.4.14 implicit token

Mechanism that governs the right to transmit 3 ‘
transmitted on the medium. Each node keeps trg nede that it believes currently
the right to transmit. The right to tra M is g e g/hode by keeping thq
that Igst transmitted. A slot time is used to allow issing_node to be skipped in the rota

7.4.19 multipoint connection
Conng
single|publisher to be rec€ived

7.4.14 data DLPDU

DLPDU that carl@ )

7.5
7.5.1
7.5.1.
7.5.1.1.

7.5.1.1.2 DLSDU DL-service data unit

b1l the

ge is
holds
node
tion

7.5.1. 73— PhiDU—Ph-interface data unit

7.5.1.2 FCS Frame Check Sequence

7.5.1.3 ind indication primitive

7.5.1.4 MAC medium access control

7.5.1.5 FIFO First-in first-out (queuing method)
7.5.1.6 PLS Physical Signalling

7.5.1.7 req request primitive

7.5.1.8 RX receive
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7.5.1.9 SFD Start Frame Delimiter

7.51.10 TX transmit

7.5.2 RTE-TCnet: Additional symbols and abbreviations
7.5.21 ACM Access Control Machine

7.5.2.2 CLM Claim frame

7.5.2.3 CTRC Cyclic-transmission TX/RX Control
7.5.2.4 FC Frame Control field

7.5.2. F-Type Frame type

7.5.2.5.1 CLM Claim frame

7.5.2.5.2 CMP Transmission Complete frame
7.5.2.5.3 COM Command frame

7.5.2.5.4 DT Cyclic Data frame

7.5.2.5.5 DT-CMPDT with transmission complete frame
7.5.2.5.6 RAS RAS frame

7.5.2.5.7 REQ In-ring Request
7.5.2.5.8 SYN Synchronizatioh fr
7.5.2.6 Parameters of
7.5.2.6.1
7.5.2.6.2
7.5.2.6.3
7.5.2.6.4
7.5.2.6.5
7.5.2.6.6

7.5.2.y riority field
7.5.2.8 RMC Redundancy Medium Control
7.5.2.9 SN Source Node number field

7.5.2.10 Transmission period

7.5.2.101 Th High-speed transmission period
7.5.210.2 Tm Medium-speed transmission period
7.5.210.3 Ts Sporadic message transmission target-token-rotation-time period

7.5.2.10.4 TI Low-speed transmission period
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7.6 Overview of the DL-protocol
7.6.1 Overview of the media access control

The RTE-TCnet has a deterministic media access control in order to avoid collisions that
occur when a number of the nodes send data frames simultaneously, and to provide the
opportunity of sending data to each node in a sequential order and within a predetermined
time period. Figure 12 shows the basic principle of media access control of the RTE-TCnet.

< High-speed-Transmission-period (Tsyn) >
SYN CMPT CMP2 cuPn [TRED SYN
Hightspeed DT DT
Cyclic Data " 21
Medium-speed 12
Cyclic Data
Sporgdic 13

Mesgage Data

Lowispeed
Cycl|c Data

1%

At th » i ission-period (Tsyn), the SYN frame is
broad . siving the SYN frame, the node with sequential number 1|starts
sending its data L brdadcasts its CMP frame in order to indicate the
compl e issioh. The Nth node can send out its data frame$ after
receiv node. After all the nodes send their data framegs, the

time ¢ i ns. The REQ frame is used for a new node requlesting
inclus vork. The sequential number is assigned to a new node|at the

Each ; nsmission right for a preset time and must send its CMP frgme to
transfer the traasmission right to the next node within the preset time. The data to be sept and
the ddta to.be*helthqyér are determined by priority.

Transmission includes Time-critical Cyclic data and sporadic Fthernet message transmission.
Cyclic data transmission is divided into High, Medium and Low-speed data transmission. Each
node sends the High-speed Cyclic data frames on each occasion when it obtains the
transmission right. The data of lower priorities, that is the Medium-speed Cyclic data, the
sporadic Ethernet message data and the Low-speed Cyclic data respectively, is sent or not
sent depending on the circumstances. The holding time of the transmission right of each node
is determined by the settings of the High-speed Cyclic, the Medium-speed Cyclic, the sporadic
Ethernet message and the Low-speed Cyclic data transmission periods and by the volume of
transmission data for each node. After sending all the High-speed Cyclic data, the node sends
the Medium-speed Cyclic data. If the holding time of the transmission right ends during
sending the Medium-speed Cyclic data, the transmission of the Medium-speed Cyclic data is
interrupted, and the CMP frame is sent out. The nth node obtains the transmission right again
during the next High-speed data transmission period, during which time all the High-speed
Cyclic data and the remainder of the previous Medium-speed Cyclic data is sent. Tmac is the
period for a new node sending out REQ frame to enter the network.

Tsn —>|¢« [Tmac—>|
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Service assumed from the PhL

This subclause describes the assumed Physical Service (PhS) and the constraints on use by
the RTE-TCnet DLE. The Physical Service is assumed to provide the following service primitives
specified by ISO/IEC 8802-3 "Physical Signaling (PLS) service specifications".

7.6.2.1 Assumed primitives of PhS

The PhS is assumed to provide the following two categories of primitives to the DLL of the
RTE-TCnet.

1) Service primitives used for transmitting and receiving frames to / from all other peer

2)

The a

—_
~

2)

The in

DLE.

Service primitives provide information needed by the local DLE {0
access functions.

5sumed primitives of PhS are grouped into these two categori

Transfer of Data to all other peer DLE
a) PLS_DATA request

b) PLS_DATA indication

Media access management by local DLE
a) PLS_CARRIER indication
b) PLS_SIGNAL indication

c)

PLS_DATA indication

»

PLS_CARRIER indication

PLS_SIGNAL indication

PLS_DATA_VALID indication

<

»

the

media

Figure 13 — Interaction of PhS primitives to DLE.


https://iecnorm.com/api/?name=5f7922da1282458e0788946119743651

PAS 62406 © IEC:2005 (E) - 51—

7.6.3 DLL architecture

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

The Access Control Machine as the primary control component provides the function for
deterministic media access control cooperating with the Cyclic-transmission TX/RX Control,
the Sporadic TX/RX Control and the Redundancy Medium Control for reliable and efficient
support of higher-level connection-mode and connectionless data transfer services.
Specifically the Access Control Machine has the primary responsibility for;

a)| Assuring that the local node detects and fully utilizes its assigned a¢ time_pefiod.

b)| Assuring that the local node does not interfere with the transmiss) ther modes,
especially of the node transmitting the SYN frame.

c) | Detecting network disruption, and initiating the SYN frame tra qration
of the network disruption from after prescribed time dura frame is
not heard.

d)| Assuring a new node adding to and removing from

The DLL management interface provides DL
delimiters are managed by DLL functi
and indications.

nctions. PhL framing and
alizing M_symbol requests

The Djata Link Layer is comprised of thé componen ed in Table 20.
M %Laye components
Componen Description

Access Control hing (ACM) rWnedla access control and scheduling the opportunifies
ingugut the DLPDUSs, control for adding and removing nodgs,
restoration from disruption. Assembles and transmits the DLPDUs
t 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 transmissions.

Cyclic trangmissiqn TX ntro Buffers and dispatches in time DLSDU received for the Time-critifal

(CIFRC), Cyclic data transfer between the DLS-user and the ACM.

Sgo icw trol Buffers and dispatches in time DLSDU received for the Sporadic

(S[TRC) message data between DLS-user and the ACM.

S
R4 dundancyw Control Receives the DLPDUs from the ACM and breaks them down into
(RMC) octet symbol requests to the Octet Serializer, assembles receive

octets from Octet Deserializer into DLPDUs and submits them to fthe
ACM. Select one of two outputs of the Octet Deserializers for
medium redundancy.

TX/RX Framer Receives the octet symbols from RMC, detects and indicates the
start timing of a DLPDU to Octet Serializer, passes received octets
from Octet Deserializer and indicates the start timing of a DLPDU to

RMC.

Octet Serializer Receives octet symbols, encodes and serializes them, and sends
them as M_symbols to the PhL. It is also responsible for generating
the FCS.

Octet Deserializer Receives M_symbols from the PhL, converts M_symbols into octets

and sends them to the receive machine. It is also responsible for
checking the FCS.

DLL Management Interface Holds the Station Management variables that belong to the DLL, and
manage synchronized changes of the link parameters.
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The internal arrangement of these components, and their interfaces, are shown in Figure 14.

The ar

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

DL_Buffer_Invoke.indication
DL_Buffer_Received.indication
DL_Put.request

DL_SPDATA request DL_Put.confirm
DL_SPDATA.confirm DL_Get.requ_est
DL_SPDATA.indication DL_Get.confirm

DLS-user <I> <I>

RX_DATA_B.ind

DL-layer
A4
Sporadic Cyclic
TX/RX trar1Ts)27/1|§>s(|on
ACM _|SEND_DATA reqg/conf Control Control
ACM|RECV_DATA.ind
SENO_ENABLE.ind 7 )
................................................ DY S NENNRTS 8 /\
A y H
Access Control Machine Q%an emént | E
RMC_|SEND_DATA.reg/conf A inteMface 15 E
RMC |RECV_DATA.ind )1 \ = %
o /f ......................................................................... I}\ ........ / — 88
_ .reg/con < h-B =
RX_DJATA_A.ind Red“”"{”C\y\ ( C@trol &\\/)‘\/C

Ph-

7.6.4
The A

TChnet,

1)

2)

TX
Framer

] |
W& _/ .

o&\\ >\@éet Octet

Segialize eserializer | Deserializer

PLS_CARIER.indication
PLS_SIGNAL.indication
PLS_DATA_VALID.indicatiop

CM functions schedule all communications between the DLEs participating in the RTE-
and the timing of this communications is controlled as to;

fulfill the specific media access control to give all the DLEs the opportunities to send
out 2 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 3 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
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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.

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

These accurate scheduling timing is very important to support many control and data

Collec iontacke in tha annlicatinne dAamain Af thic nratncal
At aSKSH—tHReappPHeaHoRS—aoHa—o+—tHSpHoto6or-

7.6.5 Local parameters, variable, counters, timers

This FAS uses DLS-user request parameters P(...) and local vari§ ans of

clarifying the effect of certain actions and the conditions under whi valid,
local fimers T(...) as a means of monitoring actions of the distributed (RL ider and of
ensuring a local DLE response to the absence of those a ..) for
performing rate measurement functions. It also uses I0sal Qu 3 ns of
ordering certain activities, of clarifying the effects of i g the
condiffons under which those activities are valid.
Unlesg otherwise specified, at the momentof their erg

a) All variables shall be initializ mitted

value if no default is specified

DL-mgnagement @:

7.6.5.1
7.6.5.1.1

The value of %

7.6.5.1.2

This Variable-hold nd designates node identifier number of this node. The initial valye is 0
on poyer-up or reset of this node. The range of this value is 1 to 255.

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

This variable is used by the DLE to hold and indicate the node identifier number of V(TN) of
which node can send out its data next in the sequential order in succession to a node
currently having completed to send out its all data and CMP or DT-CMP DLPDU. The value of
this variable is updated and set to the value of V(TN) of the node next to send out, every time
on the reception of CMP or DT-CMP DLPDU. The range of this variable is 1 to 255.

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

This variable holds the maximum node number, and is set by DLMS. Default value of this
variable is 254.
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7.6.5.1.5 V(IA): Individual-address-of-this-node
This variable holds individual address of this node in 48 bits length specified by ISO/IEC
8802-3. The vale is set by DLMS.

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

The value of this variable holds, and is set by DLMS, the maximum distance in kilo meter on
the connection path between any 2 nodes. The range of this value is 1 to 100, and the default
value is 8.

7.6.5. - -of-the-

This variable holds, and is set by DLMS, maximum difference in meter of the d pf two
redungant physical mediums on the connection path between any 2 pf this
value |is 0 to 2000, and the default value is 500.

7.6.5.1.8 V(MPD), P(MPD): Maximum-distance-of-the-signa

This yariable holds, and is set by DLMS, maximum diffe signal
delay ftime propagating over two redundant physical medis Qnnection path bgtween
any 2| nodes. The range of this value is 1 to Ox7c/and the_de ich is
equivalent to approx. 5 microsecond, i.e. 0x7c (=124) x(0,04 migros

7.6.5.1.9 V(MRT), P(MRT): Maxi r-unit

nbér of the repeater units pn the

is 0 to 7, and the default vale

is 3.

kets

of

“Force B”. “Automatic” indicates thpat the
utomatically to switch to the proper receive-channel.
he switching control is forced to switch to Receive-
chann

7.6.5.1.

This
The p

L PDU.

bssible Value of\the length in octet is 32 to 128, and the default value is 128.

7.6.5.1.142~ V(IP), P(IP): IP address of this node

This variable holds and designates DLSAP value assigned for TCnet Sporadic message data
service.

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

This variable holds and designates the value of subnet address mask for V(IP) for TCnet
Sporadic message data service.

7.6.5.1.14 V(ST), P(ST), T(ST): RTE-TCnet Slot-time

Slot-time is the fundamentally observational time unit, using in the DLME for observing to
initiate action such for re-initialisation in sending out CLM packet, for sending out the CMP
packet specifically by the current SYN node in substitute for the node missed to send out the
CMP packet.
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This variable holds and designates the fundamentally observational time value of slot time.
The rage of the value is 1 to 255, of which time is in 512 bits physical symbol time specified
by and identical to ISO/IEC 8802-3. The default value is 20, which is equivalent to
approx.100 microsecond, i.e. 20 X 512 x 1/100 microsecond.

NOTE Slot time value is calculated from the following equation.
V(ST)=round up [ 2 x V(MD) + V(MRT)/2 + 2]

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

This variable holds and designates the value of target-token-rotation-time for access class 2,

especfally Tor medium-speed cyclic data transmission. The range of this value 1s 1 10,21%-1 of
which|unit is in octet time by the data signalling rate. The default value i 3 SYN).
This Jalue is used by the DLE, and should be equal and common to”a RTE-
TCnet.

P(TTR2) is used by the DLME, and the value is the expected nodes
with medium-speed cyclic data can obtain the transmissign pf the
mediu

7.6.5.1.

This variable holds and designates the value of takge ion-ti ass 1,
espec i e .1 of
which SYN).
This RTE-
TCnet.

P(TTR pradic
messa

7.6.5.1.17 V(T?T

This ariable holds g pss 0,
espec| SPE 6-1 of
which SYN).
This RTE-
TCnef.

P(TTR nodes
with Ig speed
cyclic

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

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

7.6.5.1.19 T(ATSYN): TSYN monitor

T(ATSYN) is used by the DLE to monitor the time period from SYN packet arrival to SYN
packet arrival. The value is indicated in octet time by the data signalling rate.
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7.6.5.1.20 T(ATTRT2): TTRT2 monitor

T(ATTRT2) is used by the DLE to monitor the time period of TTRT2. The value is
decremented in the range of 216-1 to 1, of which unit is in octet time by the data signalling
rate.

7.6.5.1.21 T(ATTRT1): TTRT1 monitor

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

7.6.5.1.22 T(ATTRTO): TTRTO monitor

ue is

T(ATTRTO) is used by the DLE to monitor the time period of
S halling

decremented in the range of 216-1 to 1, of which unit is in octet ti
rate.

7.6.5.1.23 V(MTHT), P(MTHT): Maximum-token-hold-tif

This Yariable holds and designates the value of max
cyclic|data transmission. The range of this value is
the dqta signalling rate. The default value is 0x3Q

speed
ime by

7.6.5.1.

T(ATH ented

in the

7.6.5.1.

to the
and is

This

er the
D, and

od for
et out
from this node in order to claim SYN node |f 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

7.6.5.1.28 T(ASL): SL monitor

T(ASL) is used by the DLE to measure the time elapsed of SL. The value is decremented in
the range of V(SL) to 0.


https://iecnorm.com/api/?name=5f7922da1282458e0788946119743651

PAS 62406 © IEC:2005 (E) - 57 -

7.6.5.1.29 V(RMGP), P(RMGP): IGP over other redundant media

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

7.6.5.1.30 T(ARMGP): RMGP monitor

T(ARMGP) is used by the DLE to monitor the time elapsed of RMGP. The value is
decremented in the range of 250 to 0, and value 250 is equivalent to 10 ps.

7.6.5.1.31 V(TISPD), P(TISPD): Time-interval for Sporadic-message-data-service
This yariable holds and designates the value of time interva

Sporadic-message-data service. The range of this value is 1 to 1
millisgcond. Default value is 100.

7.6.5.1.32 T(TISPD): TISPD monitor
T(TISPD) is used by the DLE to measure the time in

7.6.5.1.33  V(LL): Live-list

This yariable indicates the current Operationa
connecting to and is running normal in the False”,

“True’l means the node is connecting used
by the DLE and is generated fr tis a
collection of 8 words of € ) in the
RTE-TCnet and indicates t node
numb i

7.6.5.1.

This ing to
and a hether
the ng s 1to
255,

7.6.5.1. Medium-access-control-time to solicit new nodr
This Jariablexhotds and designates the value of maximum observational time period for the
SYN nodeto solicit Hew nodes into RTE-TCnet. During the time period new nodes attempt to

send pUi’REQ packet to the SYN node. The default value is 100, and of which unit is|in 0.1
milliseeond-:

7.6.5.1.36 T(TMAC): TMAC monitor

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

7.6.5.1.37 V(SCMP), P(SCMP): Medium-access-control-time for substitute CMP

This variable holds and designates the value of maximum observational time period for SYN
node to initiate sending out CMP packet in substitution for the node which has missed to send
out the CMP packet.
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7.6.5.1.38 T(SCMP): SCMP monitor

T(SCMP) is used by DLE of SYN node to measure the time elapsed of SCMP to initiate
sending out CMP packet in substitution for the node which has missed to send out the CMP
packet. The value is decremented in the range of V(SCMP) to 0.

7.6.5.2 Variables, counter, timer and queues to support Time-critical cyclic data
service

7.6.5.2.1 V(MGA), P(MGA): Multicast group address

This variable holds and designates the multicast group address, used by DLE to build logically
assocfated group of RTE-TCnet nodes, N 48 bits tength specified by _and tdentical to
ISO/IEC8802-3. The default value is 0x01-0x00-0x5e-0x50-0x00-0x01.

7.6.5.2.2 V(Th), P(Th): High-speed transmission period

This i i ic ti i iQ S eccritical data
transmi \ P Df this
value

7.6.5.2.

dl data
i¢h unit

This
transmi
isin 1

7.6.5.2.

| data
unit is

This
transmi
in 1 miilli

7.6.5.2.

ipd for
ariable

This
detecli
isint

7.6.5.2.

T(HTH
speed

High-

transmission eycle disrupted. The value is decremented in the range of V(HTh) to

7.6.5. 2.7 WH{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 unit is in 1msec. The default value is 3 x V(Th).

7.6.5.2.8 T(HTm): HTm monitor

T(HTm) is used by the DLE to measure the time elapsed of HTm to detect the continuous
Medium-speed transmission cycle disrupted. The value is decremented in the range of V(HTm)
to 1.
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7.6.5.2.9 V(HTI), P(HTI): Maximum observational time period for detecting the
continuous Low-speed transmission cycle

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

7.6.5.2.10 T(HTI): HTI monitor

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

7.6.5.2.11 V(RCS,), V(RCSg): Receive-channel A or B selected foreceijvi Ckets
This yariable indicates the correspondlng receive-channel is select S g hckets
from ¢ther node. The value “True” indicates the corresponding re Selected,

and “Ralse” is not.
7.6.5.2.12 V(SEN,) P(SEN,); V(SENg), P(SENg): Transmitter.\A @5 B'enabled to send
out packets

This vpriable designates the transmitter A or B enable fto send ot packets from, and indicafes the
state ¢f the transmitter A or B being enabled or djsab ed T “ i d and
“Falsef is not for the corresponding Trangrjitter AQ

7.6.5.2.13  V(SCMPL), P(SCMP): Pepmi

This variable holds and designates th vajue_of ible repetitive count for CMP packet
sent qut from SYN node i [ w-un ding node which has missed t¢ send
out the CMP packet due fQ sone heing‘thalfupctioned. The range of this value is 1 to 16

and the default value is

7.6.5.2.14 C(

C(ASCMP) indicate of Qbsemved repetitive count for CMP packet sent out by SYN
node in substitutio esponding node which has missed to send out the CMP packet.
The number of C A s instemented coincidentally at each node in RTE-TCnef. The
value fis in the 3 SCMPL) and the default value is 3.

7.6.5.2. C), PINONC): Permissible repetitive count of no CMP

This viariable frelds and designates the value of permissible repetitive count of no CMP packet
receivied bysthe SYN node within the corresponding consecutive Tsyn cycles, that is 256[ times
by V($CMPRL), in order to detect no other node except the SYN node in the RTE-TCndt. The
range|ofthis value is 1 to 16, and the default value is 3. el

7.6.5.2.16 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 is hooking up to the RTE-TCnet.

7.6.5.2.17 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
without error on the receive-channel A or B respectively. C(ROK,) and C(ROKg) are roll-over
binary counters of 32 bits length.
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7.6.5.2.18 C(NCD,), C(NCDg): Cumulative count of Non-Carrier detected on the

receive-channel A or B

C(NCD,) or C(NCDg) indicates the number of cumulative count of non-carrier detected on one

receiv

e-channel while the carrier occurs on the other side of receive-channel. C(NCD,) and

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

7.6.5.2.19 C(RE,), C(REg): Cumulative count of DLPDU received with error on the

receive-channel A or B

C(RE,) or C(REg) indicates the number of cumulative count of DLPDU received with error

while pn the other side of receive-channel there is no error occurs. C(RER
roll-oer binary counters of 32 bits length.

7.6.5.2.20 C(CDh): Cumulative count of High-speed-cyclic d&

C(CDln) indicates the number of cumulative count of high-speeé

the

7.6.5.

and C(RE[) are

but on
edium. C(CDh) is a roll-over binary counter of 32 bit

but

C(CDm) indicates the number of cumulative coun i i t sent

out o

7.6.5.2.

C(CD

7.6.5.2.

C(SD
medi

7.6.5.2.

Queu
out. Wi
imple

7.6.5.2.

but on

n the

e sent
ata is

critical cyclic data DLPDU

Total

I A 4 4 H H 1 PR SR | I A Y oY el S [ R P o 4 H
Ut Ul DUTITTS TS TUUTVAITTIU UT 1T ulal TiunmoeTr Ul DL UL . LadUlll DUTIictT Wi h the

identifier “,,,” number is corresponding to a DLCEP with the identifier number “identifier”.

7.6.5.2.26 Q(PBh): List of the data buffers using for sending out High-speed time-

critical cyclic data

Max. number of the buffers is 2048.

7.6.5.2.27 Q(PBm): List of the data buffers using for sending out Medium-speed time-

critical cyclic data

Max. number of the buffers is 2048.
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7.6.5.2.28

critical cyclic data

Max. number of the buffers is 2048.

7.6.5.2.29

7.7

7.71

- 61—

Q(PBI): List of the data buffers using for sending out Low-speed time-

General structure and encoding of PhiDUs and DLPDU and related elements

of procedure

Overview

sema
never

NOTE
unsigng

7.7.2

The Ig
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primit

T Q

)
)
)

(2}

d)
e)

NOTE
MIl to
Media
exactly

7.7.3
7.7.3.

7.7.3.1.

The s

PhIDU structure and encoding

ves provided by the PLS sublay

PLS_DATA request
PLS_DATA indication

In a case of YOQBAS
he PLS ser' di
ndependent InteffacCe

Within this clause, any reference to bit K of an octet is reference tg
d is 2K, and this is sometimes referred to as "little endian" bit numberi

cal MAC sublayer uses the service primitives
FC 8802.3 Clause 6 "Physical Signalling (

as

]

Q(CDH,4): Information data block of “y,,” indicating the corresponding
time-critical cyclic data being active(health) or inactive(un-healthy)

B user
e and
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e-octet
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have in

cture”.


https://iecnorm.com/api/?name=5f7922da1282458e0788946119743651

- 62—

PAS 62406 © IEC:2005 (E)

Figure 15 shows the MAC frame format used common to RTE-TCnet DLPDU except for

sporadic data transmission of RTE-TCnet.

7 Octets Preamble |
Octets within
1 Octet SFD DLPDU
— transmitted top
6 Octets Destination to bottom
Address
6 Octets Source Address l
2 Octets Length/Type = 0x888B | .o
46-134 Octets rinet specific -
field o
4 Octets Frame Check
Seaquence
MSB [T T T T T T T JLSB
b7 K0
Bits within J
<«— frame transmitted
left to right.

7.7.3.1.2 MAC frame format for R

The MAC frame format used for Sporddic data thans
the frame format of Ethernet V2.0 spe'fieSO

Length/Type field is all but 0X88 Mre

EC

o g,
0 O

RTE-TCnet.
\@amble

> SFD

Destination
Address

Source Address

Length/Type<>0x888B

Data and Pad

0 Octets

Frame Check
Segquence

4 Octets

MSB [T T T T T T 1

b’ b0
10ctet | Frame Control(FC)
/1 0ctet Source Node
i Number (SN)
up to
1320ctets Data and PAD

DLPDU

02.3 Clause 3, and the value|of the

6_shows>the frame format for sporadic DLADU of

I
Octets within
DLPDU
transmitted top
to bottom

|

b’/

Bits within
<«— frame transmitted
left to right.

Figure 16 — Sporadic DLPDU format

7.7.4 Elements of the MAC frame

The elements of MAC frame are the preamble, the start frame delimiter, the destination
address, the source address, the length/type code, and the frame check sequence specified

by ISO/IEC 8802.3 Clause 3.
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7.7.4.1 Preamble field

The preamble of MAC frame is identical to ISO/IEC 8802.3 Clause 3. The preamble field is a
7-octet field that is used to allow the physical signalling part circuitry to reach its steady-state

synchronization with the receiving frame timing.
The preamble pattern is:
“10101010 10101010 10101010 10101010 10101010 10101010”

7.7.4.2 Start Frame Delimiter (SFD)

7.7.4.

7.7.4.8.

The

7.7.4.

7.7.4. Frame Control field (FC)

is the

Licture
802.3

ination
vidual
ept for

dress
ed by

frame
ield is

RTE-
ical to
TCnet

The structure of the Frame Control field is shown in Figure 17.

b’ b8 bd b# b3 b0

1Octet | Pri | rsv F-type

NOTE
Pri: Priority
F-Type: Frame Type
rsv: Reserved (0x0)

Figure 17 — Structure of FC field
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7.7.4.51 Frame Type (F-Type) field

F-type field is used by DLE to identify and designate the frame type of RTE-TCnet for medium
access control. Table 21 shows the list of F-type and the corresponding RTE-TCnet frame.

Table 21 — F-Type and TCnet DLPDU

F-type Frame type Frame name

Value

0x00 CLM Claim frame

0x01 SYN Synchronization frame

0x02 REQ In-ring Request frame /]

0x04 COM Command frame /\&

0x05 RAS RAS frame AN\

0x07 DT Cyclic Data frame \ \

0x08 CMP Transmission Complete fr{me \

0xOF DT-CMP | DT with transmission/omplete fragie)
NOTE All but above is reserved for futuryas‘e.\ \ \

7.7.4.5.2  Priority field (Pri)

The priority field is used by DLE to desi i Critical
cyclic|data frame, which is applied to both / ES are
provided and the top to lowest level isAevel 3 t0,03 3 ission
is assjgned to level 3 of the service clg i peed N is to

level 2 and Low-speed ti bxcept

for DTl and DT-CMP is assi iCe class.

7.7.4.
The v node
which
7.7.4.
The d in the
sense S to a
maximum rspecified by ISO/IEC 8802-3. A minimum frame size is required, tfhat is

mimFiameSize™b /IEC 8802-3, and if a frame size is less than mimFrameSize, then the
data f|led is“extended by appending extra bits in units of octets. The frame, from the DA field
throughthe-FCS field inclusive, is at least mimFrameSize bits.

The structure of this field for RTE-TCnet DLPDU is detailed in 7.8.

7.7.4.8 Frame Check Sequence (FCS)
The Frame Check Sequence (FCS) is identical to ISO/IEC 8802-3 Clause 3.

A cyclic redundancy check (CRC) is used by the transmit and receive algorithms to generate
a CRC value for the FCS field. The FCS field contains a 4 octet (32-bit) cyclic redundancy
check (CRC) value. This value is computed as a function of the contents of SA, DA,
Length/Type and the RTE-TCnet specific field (that is, all fields except the Preamble, SFD
and FCS).The encoding is defined by the following generating polynomial.

G(X) = X32 +X26 +X23 +X22 +X16 +X12 +X11 +X10 +X8 +X7 +X5 +X4 +X2 +x +1
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Mathematically, the CRC value corresponding to a given frame is defined by the following

procedure:

a) The first 32 bits of the frame are complemented.

b) The n bits of the frame are then considered to be the coefficients of a polynomial M(x)
of degree n-1. (The first bit of the Destination Address field corresponds to the x(n-1)

term and the last bit of the data field corresponds to the x9 term.)

¢) M(x) is multiplied by x32 and divided by G(x), producing a remainder R(x) of degree <=
31.

d) The coefficients of R(x) are considered to be a 32-bits sequence.

-1 e : 1 s ' — [T oo
e) I'TIS DI SCYUCTILE 1S5 CUITIPICITICTIICU dllu 1S TEesSUll 15 U1E€ UINU.

The 3R bits of the CRC value are placed in the field of frame check sequ
term ip the leftmost bit of the first octet, and the x0 term is the right
(The Rits of the CRC are thus transmitted in the order x31, x30,--- x¢

7.7.5 Order of bit transmission

The drder of bit transmission is identical to ISO/IEC 2
DLPDU, with the exception of the FCS, is transmitted fow-ord

7.7.6 Invalid DLPDU

An invalid DLPDU shall be defined as
and is| almost identical to the ISO/IEC 8

2

The frame length is inconsistent\with
the Length/Type figld contains\a fY

The cpntents/of Tavalid shall not be passed to the DL-user or DLE. The occurre

invalid D

NOTE |Invatd DLRRUay be jgnored, discard, or used in private manner by DL-user other than RTE [

The usé of such

7.8 |DLPDU-specific structure, encoding and elements of procedure

7.8.1 General

b)[It is not an integtal i .
c)|The bits (@ i ing lusive of the FCS field itself) do not gene
CRC value Tde :

ne x31
octet.

bf the

e of the following condjitions,

specified in the Length/Type fljeld. If
as defined by ISO/IEC 8802-3,
assumed consistent with this fie

3.2.6
d and

rate a

hce of

L-user.

This clause defines the structure, contents and encoding of each type and format of DLPDU
except for Sporadic DLPDU of RTE-TCnet, and specifies elements of procedure for the

DLPDU.

Within each subclause, the structure, contents, parameters and encoding of DLPDU are
described, and the RTE-TCnet specific part of DLPDU structure, which is shown in Figure 15,
is specified. The aspects relating to the sending and receiving DLS-users and their DLEs are
further described. All data format and encoding is described in little endian format throughout

this clause.

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

unsigned is 2K, and this is sometimes referred to as "little endian" bit numbering.
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Whenever a conditional action is specified and the specific enabling condition does not occur,
then the corresponding action also does not occur. The effect eventually is that events which
do not meet any of the enabling conditions specified in a service procedure will have no
consequential actions with respect to that specific service procedure.

7.8.2 Synchronization DLPDU (SYN)

A DLE which is as SYN node sends SYN DLPDU periodically at the specific time intervals of
V(Th) for the synchronization of time-critical cyclic data transmission by all related DLEs in
RTE-TCnet.

A DL o be added
in RT ith the{value of
PN f|| is~during the
MAC tontrol period of Tmac. The MAC control period of Tmac start§ imnyed after the
DLE has completely received a CMP DLPDU or DT-CMP DLPDU by the a bliggest

A DLEH it data
transmission of RTE-TCnet DLPDUSs, solicits new node to Jej \t ed out,
contrdls and manages all of the parameters rel ( data
transmission. A DLE operating not as SYN node bde to
keep ¢yclic and stable data transmission in succes urrent
SYN node happens to malfunction. A D E not Qp pr and
the timing to send out its time-critical « in SYN
DLPDU received.

7.8.2.1
The s{ructure of SYN DL

32 Octets
FC| SN [ PN LL
: Framecontrol (11000001) SN: Source node number
Nransmissi its node number ST: Slot time
“€entrol’word Tm: Medium-speed periodic time
igh>speeg periodic time LL: Live list

essage rotation time
\-speed periodic time

Figure 18 — Structure of SYN DLPDU

7.8.2.1.1 Parameters of SYN DLPDU

7.8.21.11 Transmission Permits Node Number (PN)

A DLE attempting to be on line is permitted to send REQ DLPDU out for claiming to enter into
RTE-TCnet to SYN node when the value of PN in SYN DLPDU becomes equal to the value of
V(TN). The DLE can send REQ DLPDU out to 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 Ox1.
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Table 22 shows the structure of PN parameter.

Table 22— PN -parameter: 3rd Octet

Transmission permits node number
PN (1 to 255)
7 6 5 4 3 2 1 0

7.8.2.11.2 Control word (CW)

The s{ructure of CW is shown in Table 23.
Table 23— CW -parameters: 4th Octet <\

Control word \ >
Periodic Q e@t}\;dium
reserved .
mode ectio
N
PM 0 / h\Msﬁ

1 oe |5 |4 | p ([ XK N o

7.8.2.1.1.21 Periodic Mode (PM)

“PM” |parameter indicates the mode data
transmission.

“Freetrun” mode is b ds out
SYN frame immediate cyclic
data Within the a@ based
on time-synchronizédda time-

period.
Table|24 sho he.modeof PM parameter.
Q\ Table 24 — PM parameter
PM m\\de Value Description
Free—W 0 Cyclic data transmission based on free run
Constant period 1 Cyclic data transmission based on time-synchronization

7.8.2.1.1.2.2 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
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”.
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“Automatic” designates that the switching control for receiving packets is automatically to
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”.

switch

The mode of RMSEL parameter is summarized in Table 25.

7.8.2.

This p
initiat
packe
CMP

V(ST)
physiq
which

Table

Table 25 - RMSEL parameter

RMSEL mode value Description
Automatic 00 Automatically switch to the proper rec?rﬁ%hqnnel
01 Reserved for future use /\\ ~
Force A 10 Force to switch receive-channgVA \
Force B 11 Force to switch receive-cWel\Q \ \/

RSO

1.1.3 Slot time (ST)

arameter is the fundamentally observational ti DLE for obser
action such for re-initialisation in sendi ¢ for sending out thg
specifically by the current SY i Substitute ngde missed to send @

pbacket.

holds the value of ST. The rage of 5 \to 255, of which time is in 51

al symbol time specifijed by and\i 3 EC 8802-3. The default value
is equivalent to ApgroxX>1 00 micros i X 512 x 1/100 microsecond.

26 shows the struc

>I(ST): Slot time

7.8.2.

This p
The v

A\
AN ST [ o [z [ v [
NN

1.1.4 i d transmission period (Th)

arameter designates the cyclic time period of High-speed time-critical data transm
blue'ef Th is used by the DLE, and ultimately set to V(Th), V(SYN) equally of each

on-lin

p. ‘The range of this value is 1250 to 2500000, of which unit is in 80 nanosecond.

Table

27 shows the structure of Th parameter.

Table 27 — Th-parameter: 6th, 7th and 8th Octets

High-speed transmission period

Th (27 - 20) 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

ing to
CMP
ut the

2 bits
is 20,

ission.
node
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7.8.2.1.2 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 of each node
on-line. The range of this value is 10 to 1000, of which unit is in 1millisecond.

Table 28 shows the structure of Tm parameter.

Table 28 — Tm-parameter: 9th and 10th Octets

Medium-speed transmission period

Tm (27 - 2Y) Tm (28 - 279) —

7‘6‘5‘4‘3‘2‘1|0

7.8.2.1.2.1 Sporadic message transmission target-toke 2 i j [s)
This garameter designates the value of target-token-rotation-tivae f [ b data
transmission. This value is used by the DLE, and is se e on-

line. Tlhe range of this value is 10 to 10000, of which

Table|29 shows the structure of Ts parameter.

Table 29 — Ts-parametex; 11

Sporadic message trar(sml taﬁg\f\Qta\yo -time period

Ts (27{}& /\\ \> Ts (28 - 215)

AN

AEEEAENENENA] r e s lefsfz]]o
7.8.2.1.2. < r& period (TI)
This p &Si ssion.
The V| i \us® e DLE, and is set to V(TI) equally of each node on-ling¢. The

range

Table

Table 30 — Tl-parameter: 13th and 14th Octets

Low-speed transmission period

TI (27 - 29) TI (28 - 215)

7‘6‘5‘4‘3‘2‘1|0 7‘6‘5‘4‘3|2|1‘0

7.8.2.1.2.3 Live list (LL)

This parameter indicates the current operational status, whether a corresponding node is on
line and is running normal in RTE-TCnet. 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 SYN frame.
Live-list is a collection of 8 words of 32 bits length, each of which bit is corresponding to each
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node in the RTE-TCnet and indicates the current operational status.
corresponds to the node number V(TN) in a sequential order from 0 to 255 in little endian

format

Table 31 shows the structure of LL parameter.
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Table 31 — LL parameters: 15th to 46th Octets

Each bit in the LL word

Live-list
LL (27 - 29) LL (28 - 219)
15t 7 6 5 7 3 pA f ) 5 K 3 4 T O 9 8 16th
q7th | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16 | 31 | 30 | 29 | 28 ,\é7 2 257 24 | 4gth
1gth | 39 | 38 | 37 | 36 | 35 | 34 | 33 | 32 | 47 | 46 | 45 A48 5\2\ \ 40 | poth
oqth | 55 | 54 | 53 | 52 | 51 | 50 | 49 | 48 | 63 | 62 %BQ 5\3\ 5 \5/ 56 | poth
odth | 71 | 70 | 69 | 68 | 67 | 66 | 65 | 64 | 79 | 78 >\< ?m\? \‘7\4/ 73 || 72 | 24th
BASANY
4qth | 215 | 214 | 213 | 212 | 211 | 210 | 209 208 &\23 3722,\ 254 | 2204 219 | 218 | 217 |[216 42th
43th | 231 | 230 | 229 | 228 | 227 2%6’\%5 39 (232()23‘1/ 36 | 235 | 234 | 233 |[232 | 44th
45th | 247 | 246 | 245 | 244 | 243 | 242 241 0 5 554\ 283 | 252 | 251 | 250 | 249 |[248 | 46th

7.8.2.

No us

7.8.2.

A DLE
which

7.8.2.

Each
follow

1.3

User data

1) The value 6f RMSEL is used to determine the switching control for receiving p
out of one of two receive-channel A and B corresponding to each of the redt

—— _medium A and B, and s reffected in V(RCSY.

hckets

ndant

2) Each value of ST, Th, Ts and Tl 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.

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

4) 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 node
identifier number can be obtained from the LL and is lower in sequential order in
the LL.
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7.8.3

Transmission Complete DLPDU (CMP)

CMP DLPDU is sent out 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.

7.8.3.1 Structure of CMP DLPDU

Figure 19 shows the structure of CMP DLPDU.

1 11 1 Octet

7.8.3.
7.8.3.
This p

7.8.3.1.

No us

FUT SN SVTOTIN

Where
FC: Frame Control (11001000) SN: Source Node b
rsv: Reserved (0x0)
SYN: SYN node number

Figure 19 — Structure of CMP D

1.1 Parameters of the CMP DLPDU
1.1.1 SYN node number (SYN)
} &nQ node.

VIP DLPDU is sent out by the last frame out of the n
completed to all RT-TCnet nodes.

node shall wait for CMP or DT-CMP DLPDU from the DLE, whH

outy CMP DLPDU in substitution for the DLE which has not send out its CMP

missed to receive CMP or DT-CMP DLPDU, the DLE of SYN node shall initiate s$

CMF DLFPDU.

7.8.3.3 Receiving CMP DLPDU

when

a and
bde to

a DLE Ssends out time-critical cyclic data as the last DLPDU, the DLE shall send put DT-

ich is

sending”its~data out, in the duration of V(SCMP). When the DLE of SYN node had

nding
r DT-

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

1) 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 a next node, the DLE checks and extracts first bit of V(LL)
being “true” in the greater order than the corresponding bit position of the node which has
completed to send out. Found the first bit of being “true” and according to the bit position
found in the V(LL), the DLE shall translate the bit position into the actual node identifier
number of V(TN).
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2) At the 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 it 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, Sporadic message data and 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 at one of the following condition met.

a) All the data with each priority level has completed to send out.

¢) T(MTHT) for High-speed time-critical cyclic data transmission ha
7.8.4 In-Ring Request DLPDU (REQ)
REQ PLPDU is sent out by the DLE to SYN node to claim to be adde

7.8.4.1 Structure of REQ DLPDU

Figurg 20 shows the structure of REQ DLPDU.

1 11 Octet

FC| SN | rsv

Where
urce Node number

7.8.4.1.1 Pa

No usper parameter ig

7.8.4.1.2

No usper data

7.8.4.2

REQ DLPDU:is sent.gut by the DLE of a node which attempts to be a member in RTE-TCnet,
claimihgs/to-be added and to be on-line, under the condition when the DLE has received & SYN
DLPDU with the value of PN field equal to the V(TN) and further in the time frame of thg MAC
control period of Tmac. The start of 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 RTE-TCnet.

7.8.4.3 Receiving the REQ DLPDU

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

CLM DLPDU is sent out by the DLE claiming for re-synchronization of RTE-TCnet under the
condition that current SYN node happens into malfunction and T(SL) timer to monitor SYN
node inactive is expired. CLM DLPDU can be sent out from the node which is designated and
permitted to be 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).

7.8.5.1 Structure of CLM DLPDU
Figure 21 shows the structure of CLM DLPDU.

1 1 1 1 1 Octet

FC| SN | rsv [ RC | ST

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

7.8.5.1.1 Parameter of the CLM DL
7.8.5.1.1.1 Residual Counts of CLM
This pgarameter indicates 4

is decfemented in the
DLE becomes SYN DL

Table|32 shows @

ble 32 — CLM-parameter: 4th Octet

\ \\ B Residual Counts of CLM DLPDU
S

V(RC) (27 - 20y

7 ‘ \S/ ‘ 5 | 4 3 2

value
D”, the

7.8.5.1.1.2 Slot time (ST) parameter

The value of this parameter is set to that defined in 7.8.2.1.1.3.

7.8.5.1.2 User data of the CLM DLPDU

No user data is conveyed by CLM DLPDU.
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7.8.5.2 Sending and Receiving CLM DLPDU

CLM DLPDU is sent out by the DLE, which is provided with SYN node function, claiming for
re-synchronization of RTE-TCnet.

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

The DLE shall send out CLM DLPDU in 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)

During a CLM DLPDU being sent out, when the collision has happened, t mediately
stops|to send out CLM DLPDU and starts to monitor and cheg { Qver the
commpn medium.

When| the DLE has successfully received a CLM DLPDU from other (Bl DLH shall
extragt the value of SN within the CLM DLPDU and compare the va /ith i (TN).
When| the value of SN is lower than the V(TN), the DLE sh ot isf in sending out
anothér CLM DLPDU. On the contrary when the V(T f sfiall again aftempt
to send out CLM DLPDU after both of T(SL) and con ive [

When| the DLE has successfully sent out CL i counts of V(ST), th¢ DLE
beconmes SYNM DLE. On the other hand L fromn other DLE, the DLE shall
cease|to send out CLM DLPDU for re- \

The DLE that is not provided with SYN nade ft is mot’designated to be a SYN|node,
shall pot send out CLM DLPDU, furthe aspond to CLM DLPDU received from
other hode.

7.8.6 Command (CO

the DLE of SYN node to equalize and chanfje the
nodes, and the change shall be reflected|in the
time period . The RTE-TCnet parameters|to be

COM DLPDU is sent
value jof RTE-T para
SYN PLPDU to keS¢

equali

2) beriod
3)
7.8.6.
Figure
1 + + + + 3 2 2 2 32 Ociet
FC[ SN [ rsv [CW| ST Th Tm Ts Tl rsv
where
FC: Frame control(11000100) SN: Source node number
rsv: Reserved (00000000)
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 22 — Structure of COM DLPDU
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7.8.6.1.1 Parameters of COM DLPDU

The parameters of COM DLPDU are equal to that of SYN DLPDU specified in
7.8.2.1.1Parameters of SYN DLPDU.

7.8.6.1.2 User data of the COM DLPDU
No user data is conveyed by COM DLPDU.

7.8.6.2 Sending and receiving COM DLPDU

The DLE is activated to send COM DLPDU by receiving DLM_ SET Value primitive, especially
requirjng change of each value of V(ST), V(Th), V(Tm), V(Ts), V(TI) and V(R .

When|the DLE of SYN node has successfully received COM DLPD off other
node, |the DLE reflects the requirement by COM DLPDU to SYN DLF S qt inNthe next
V(Th)|time period.

7.8.7 Cyclic data and Cyclic data with transmission mplete Y) and (DT-
CMP)

Eitherf DT DLPDU or DT-CMP DLPDU is used to conve S ‘ ical Cyclic data| to all

RTE-TCnet member nodes. The difference of DT DLPDY & RODLPDU is indicalion of

transmit completion or not.

7.8.7.1 Structure of the DT DLPD

Figurg 23 shows the structure of DT D PD

gure 23 — Structure of DT DLPDU

7.8.7.1.1 eters’of DT DLPDU

7.8.7.1.1.1 EP-address parameter

This patameter indicates DI CEP for predefined multi-paint publisher DI -connection

Table 33 shows the structure of DT parameter.

Table 33 — DT parameter: 3rd and 4th Octet

DLCEP-address

DLCEP-address (27 - 20) DLCEP-address (28 - 215)
7‘6‘5‘4‘3‘2‘1|0 7‘6‘5‘4‘3|2|1‘0
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7.8.7.1.2 User data

DT DLPDU can send user data up to 132 octets.

7.8.7.2 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 DL-user.

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 sub-field of FC of DT

DLPDU and DT-CMP DLPDU

7.8.7.8 Receiving DT or DT-CMP DLPDU

The OLE that has received DT DLPDU or DT-CMP DLPDU shall
Receiye_buffer associated with DLCEP address field in DT DLPD

notify | the DLS-user using DL-Buffer-Received indication i
speciffed receive-buffer is updated and is available to read ou.

7.8.8 RAS DLPDU (RAS)

RAS PDLPDU is used for transfer the RAS(Reliab dbili erviceability) r

information to all member node.

7.8.8.1 Structure of RAS DLPDU

Figurg 24 shows the structure of RAS LP%
11 2 <\(m
DLOER- ¥
[ [ N el

SN: Source Node number

7.8.8.2
7.8.8.2.1

This parameter inth

Tablel34.shows the structure of RAS parameter

ates DLCEP for predefined multi-point publisher DL-connection.

elated

Table 34 — RAS parameter: 3rd and 4th byte

DLCEP-address

DLCEP-address (27 - 29) DLCEP-address (28 - 219)

7‘6‘5‘4‘3|2|1‘0 7‘6‘5‘4|3‘2‘1‘0
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7.8.8.2.2 User data

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

7.8.8.2.3 Sending and receiving RAS DLPDU

The DLE of local node can broadcast the RAS related information to all RTE-TCnet member
node using RAS DLPDU. RAS DLPDU is sent out during TMAC time duration by the DLE of

each
broad

Recei
with O

indicafion primitive that the data in specific receive-buffer is up

out.

7.9
7.91

The [
Spora

Interfa

The A
contrg
both g

The D

ocal node each by each in order of V(IN), therefore the transmissiop-of RAS DL

DLE elements of procedure
Overall structure

LL is composed of control eleMme i ission TX/RX Control(G
dic TX/RX Control(STRC), [

ce.

f higher-level co

LL managt i

casting of RAS related information of local node is carried out on batkground basis.

DU or

ciated

Rgceive

D read

TRC),

M), Redundancy Medium
Control(RMC), TX/RX Framer, Octet Serialis eserializer and DLL Manag

ement

ccess
Lipport
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Figure 25 depicts the overall structure of DLL.

DL_SPDATA.request
DL_SPDATA.confirm
DL_SPDATA.indication

PAS 62406 © IEC:2005 (E)

DL_Buffer_Invoke.indication
DL_Buffer_Received.indication

DL_Put
DL_Put

.request
.confirm

DL_Get.request

DL_Get.confirm

DLS-user I I
DL-‘ayer
Sporadic Cyclic
TX/RX transmission
TX/RX
ACM _[SEND_DATA req/conf Control Control
ACM _|RECV_DATA.ind e
SENO_ENABLE.ind Y 7 \RF\\

RMC |
RMC

TX_D
RX_D
RX_D

>
Vg

>
Vg
A4

Access Control Machin

(\

)

N\
\EAL
N Management

le—>:

A\ interface
& D

—
C
C(D
S5
=
© D
+— @©
w c
©
=

) Ch-A
Ch-B

—

SEND_DATA.req/conf )
_|RECV_DATA.ind )l < A\ f &
ATA.reg/conf ;
ATA Aind Redunda@gMeWnﬁh&l
ATA_Bingm“m“m“m“m“m“m“m“mi ............
mer

en E}@\\

Octet
Deserializer

Octet
Deserializer

LS_DATA.request

7.9.2

PLS_DATA.indication

Figure 25 — Overall structure of DLL

PLS_CARIER.indication
PLS_SIGNAL.indication
PLS_DATA_VALID.indicatio

Initialization

Upon power-up or after received DLM-RESET request primitive, the DLE shall go into the
OFF-LINE state. When in OFF-LINE, the DLE shall not transmit and shall ignore any DLPDU
received.

When all of the variables for normal DLE operation are set up by 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.
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Figu

7.9.3 Cyclic trans

DLS

DL D
transfe

prim

DL_DAT

Each PLS-user b

user

sendi

re 26 depicts the DLE state transition.

Power-Up or DLM-Reset

@ STATION-MODE-CONTROL

ENABLE

Received SYN frame &&V
T(SL) expired

T(SL) expired

T(SL) expired

All transactions S ransactions

7.9.3.0 Overv: w
The Qyclic trans i€ (CTRC) is responsible for buffering and dispajtching

DU received fo

itive

ep’contains data for Time-critical Cyclic data transmission. After the

M.

data
quest
n the

DLS-
ACM

ata\réceived, the CTRC issues ACM_SEND_DATA request primitive to initiate
g.out the DLS-user data as DT or DT-CMP DLPDU.

DL_DATA_REQ indication primitive is issued by the CTRC in response to SEND_ENABLE
indication primitive from the ACM. The SPEED Class parameter in SEND_ENABLE indication
primitive allows the CTRC to activate transfer of corresponding class of data—buffer by the
DLS-user. 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.

The data transfer of each Speed Class designated is dependant on the level of transfer priority.

1) As for Priority class 3, which corresponds to High-speed Cyclic data transfer,
received SEND_ENABLE indication primitive, the CTRC shall handle all of the d

when
ata of

every DLS-user buffer corresponding to High-speed Cyclic data transfer or High-Speed
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class is to be delivered to ACM and to be sent out on the transmission medium all at once
on each occasion.

2) As for Priority class 2 and 0, which corresponds to Medium-Speed Cyclic data transfer
or Medium-Speed class and Low-Speed Cyclic data transfer or Low-Speed class
respectively, the CTRC shall handle on each occasion the data of every DLS-user buffer
corresponding to Medium-Speed and Low-Speed class is sent out or not depending on
the condition. The token-holding time of each class 2 and 0 governs the condition. After
sent out all the High-Speed Cyclic data, the Medium-Speed Cyclic data is sent out. If the
token-holding time ends during sending the Medium-Speed Cyclic data, the data transfer
is interrupted and the CMP DLPDU or DT-CMP DLPDU is sent out at the occasion. On

th

e next occasion _happens, the remainder of the previous Medium-Speed Cyclic d

tq
c
e

When
DLPD
param

DL_Buffer_Received indication primitive to inform the DLS

is upd
buffer
from (

be sent out depending on same condition. As for the Low-Speed clic data,
bntrol for the Medium-Speed Cyclic data transfer is to be done. T
ery V(TSYN) time period.

received ACM_RECV_DATA indication primitive from
U by ACM into each receive-buffer, which is addresg§ed
eter in ACM_RECV_DATA indication primitive. Aurt

ated and is available to read out. The DLS-use
using DL_Get request primitive in response tg
L TRC.

7.9.3.2
7.9.3.2.

The q
primit

Primitive definitions

C is shown in Table
arized in Table 36.

35 ar

ata is
same

asion_happens

s the
ntifier
ssues
e DLE
ceive-

d the

Primitiv%a%s < <

Associated parameters

DL_DATA_REQ.indicatién
A\

DLCEP-identifier

DL_Put.request \\

DLCEP-identifier,
DLSDU-length,

DLSDU
DL_Put.co 'm\ \ \ CTRC DLCEP-identifier,
\ Status
DL_Buffer_Ré&j{ﬁind\lc&aW CTRC DLCEP-identifier
DL_G4dt.request DL-user DLCEP-identifier
DL_Gqgt.confirm CTRC DLCEP-identifier,

DLSDU-length,

DLSDU,
Status

Table 36 — Primitives exchanged between CTRC and ACM

Primitive names Source Associated parameters
SEND_ENABLE.ind ACM Speed-Class
ACM_SEND_DATA.req CTRC DLPDU
ACM_SEND_DATA.conf ACM Status
ACM_RECV_DATA.ind ACM DLPDU
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7.9.3.2.2 Parameters used with primitives exchanged between DLS-user and CTRC

The parameters used for interaction between DLS-user and CTRC are summarized in Table 37.

Table 37 — Parameters used with primitives exchanged between DLS-user and CTRC

Parameter names 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-critic yelic data_frar|sfer,
that is for High-speed Cyclic data, Medium-speed Cyclic data~and Jow-

speed Cyclic data.

bd or

N

DL_Buffer_Invoke.indication
DL_Buffer_Received.indication
DL_Put.request
DL_Put.confirm

DL_Get.reque

DL_Get.confir

\ Q All transactions

(AN
Status Status report whether the requested servite ccessfully prowd
failed for the reason specified.

7.9.3.8 CTRC state table
The sjate transition diagram of CTRC is depicted i g and_the CTRC state ta
shown in Table 38.
% ACM_SEND_DATA.req/conf
ACM_RECV_DATA.ind
SEND_ENABLE.ind
Figure 27 — State transition diagram of CTRC

ble is
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Table 38 — CTRC state table

Event
Current Icondition Next state
state .
= actions
READY DL_Put.request {DLCEP-identifier, DLSDU-length, DLSDU} READY
/ CHECK_PAR_PUT (DLCEP-identifier, DLSDU) = "True"
=
PUT_BUFFER (DLCEP-identifier, DLSDU)
DL_Put.confirm { DLCEP-identifier, DLSDU-length, Status:= "success"
}
READY DLC_Put.request {DLCEP-identitier, DLSDU-Tengtn, DLSDU} READY
/ CHECK_PAR_PUT (DLCEP-identifier, DLSDU) = "False"
=
DL_Put.confirm { DLCEP-identifier, DLSDU-length, Status:= "failtre"
) N
READY DL_Get.request {DLCEP-identifier } ADQY
/ CHECK_PAR_GET (DLCEP-identifier) = "True"
=
DL_Get.confirm { DLCEP-identifier, DLSDU-lengt
DLSDU:= GET_BUFFER(DLCEP-identifier),
}
READY DL_Get.request {DLCEP-identifier} \/ READQY
READY READY
. -- immediate
=
\N Spegd-Class)
READY SEND\ENABLE.ind {Speed-Class} READY
/"Speed-Class <> "SPORADIC" &&
CHECK_NEXT_SEND(Speed-Class) = "False"
=
ACM_DATATET { Tutt —To data
}
ACM_DATA.conf {} -- immediate
=
NEXT(Speed-Class)
READY ACM_DATA.ind {DLPDU} READY
/ Class <> "SCOPRADIC" &&
CHECK_PAR_DT (DLPDU)
=
DL_Buffer_Received.indication {
DLPDU.DLCEP-address
}
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7.9.3.4 Functions of CTRC

All functions of the CTRC are summarized in Table 39.

Table 39 — CTRC Functions table

Function Name Input Output Operation
CHECK_PAR_PUT DLCEP- True/False Check that all parameters of DLCEP-identifier and
identifier, DLSDU of DL_Put.request primitive are valid. If
DLSDU valid, “True” is returned and otherwise "Falsel is
returned.

PUT_|BUFFER DLCEP- (none) Store DLSDU into the S d- u iated| with
identifier, DLCEP-identifier.
DLSDU

oY
—_

CHECK_PAR_GET DLCEP- True/False Check that DL el t|f| t reque
identifier primitive is valig. If vatid)\"Tu«dje” i ed.

ith

GET_|BUFFER DLCEP- DLSDU Get DLS inthe\Re ve Buffer associated
identifier DLCEP-idenifier.

CHEGK_NEXT_SEND | Speed-Class True/False ck that the D DU sp cified by Speed-Clgss
e |sts If xnsts, ‘Aru turned and otherw|se
/ Is urhed,
GET_INEXT_ID Speed-Class D - t ne P idefitifier of the DLS User-Byffer
ideqtifie CIfI e Class.
BUILP_DT Speed-Class, DLPD i U of Time-critical Cyclic data put of
DLCEP- in the Send-Buffer. DLPDU is assembled as

identifier, .
DLSD
DLPDU.DA:= V(MGA)
PDU.SA:= V(IA)

DLPDU.Len/Type:= 0x888b

DLPDU.FC:= Speed-Class + "DT"
DLPDU.SN:= V(TN)
DLPDU.DLCEP.address:= DLCEP-identifier
DLPDU.DLSDU:= DLSDU

DO

CHECK_PAR_DT DLPRU Mlse Check that the specified DLPDU is valid. If valid,
“True” is returned.
NEXT eeq-Class Check that additional DLSDU specified by Spé¢ed-
Class is remained. If remained, the control is
\ returned to the top of current state.

N

7.9.4 L “Spoaradic TX/RX Cantral (STRC)

7.9.4.1 Overview

The Sporadic TX/RX control (STRC) is responsible for buffering and dispatching in time
DLSDU received for the Sporadic message data between DLS-user and the ACM.

7.9.4.2 Primitive definitions
7.9.4.21 Primitives exchanged between DLS-user and STRC

Table 40 shows all primitives exchanged between DLS-user and STRC and Table 41 shows
all primitives exchanged between STRC and ACM.
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Table 40 — Primitives exchanged between DLS-user and STRC

Primitive names 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

Table 41 — Primitives exchanged between STRC a Cw\

Primitive names Source ASSOC@ am%s )
SEND|ENABLE.ind ACM speed-Class X S
ACM_$END_DATA.req STRC DLPDU /\\ \\ \
ACM_$END_DATA.conf ACM NN

ACM_$END_DATA.ind ACM

7.9.4.2.2 Parameters used with pni d between DLS-user and STRC

All parameters used with primitives e DLS-user and STRC is shgwn in

Table[42.

Tablle 42 — Parametrg hanged between DLS-user and STRC

Parameter/na\meg\ X S Description

DA \/ \ De tinaN\A/ddress

SA /\& \Sr{u\cx ddress

MSDU \b@%ervice data unit

Status Indicate whether the requested service of DL_SPDATA.request is
successfully provided or failed for the reason specified.

Rec-S até\ \ \ \ Indicates whether the DLPDU had received without error or not.
DLPDUY °s \ DLPDU for Sporadic message transfer
Speed}Class \/ Speed-Class requested by DLS-user. In Sporadic message transfe

service, Speed-Class is specified to “Sporadic” or Class 1.

7.9.4.3 STRC state table

The state transition diagram of STRC is depicted in Figure 28, and the STC state table is
shown in Table 43.
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DL_SPDATA.request
DL_SPDATA. .confirm
DL_SPDATA.indication

‘ All transactions

\ ACM_SEND_DATA.reqg/conf

Figure 28 — State transition diagram of ST

Table 43 — STRC state table

s ACM_RECV_DATATING
SEND_ENABLE.ind

Event \
No Current Icondition
' state .
= actions

Next|state

CHECK_SPDATAQ () <> "Full"

QUEUE_SPDATA (DA, M

DL_SPDATA.confirm { DA
Status:= "success"

1 READY DL_SPDATA.request {DA, MSDU} \)
/ CHECK_PAR_SPDATA ( DA, MSDU ) =\"True"\& C>

READY

2 READY

READY

3 READY

st {DA)MSDU}
P ( DA, MSDU ) = "False"

irm { DA, MSDU,
"Failure — Invalid parameter”

READY

4 | READY SEND\ENABLE.ind {Speed-Class}
eed-Class = "SPORADIC" &&
CHECK_SPDATAQ( ) <> "Empty"

>

READY

DA, MSDU:= DEQUEUE_SPDATA ()
)

ACM_SEND_DATA.req { DLPDU
}

=
( no action taken)

ACM_SEND_DATA.conf{} -- immediate response

5 READY ACM_SEND_DATA.ind {DLPDU}
| Speed-Class == "SPORADIC" &&
CHECK_SPDATA (DLPDU)

=>

DL_Buffer_Received.indication {
DLPDU.DLCEP-address

}

READY
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7.9.4.4 Functions of STRC

All functions of the STRC are summarized in Table 44.

Table 44 — 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.
CHECQK_SPDATAQ (none) status Check that the Queue co |tion for PDATA is fully
queued. The returned of "Full",

"Empty" and "Queue

QUEUYE_SPDATA DA, Queues the |nput data into W e on a
MSDU FIFO basis.

DEQUYEUE_SPDATA (none) DA, Dequeue(f(m\e SPD A a FIFQ basis.

MSDU
%{ Sp Message data

BUILD_SPDATA DA, DLPDU Bui
MSDU DEPDU is asse ed as follows.

SDU
Z MSDU.LEN/Type
MSDU.DLSDU
CHEGK_RCV_SPDATA | DLPDU True alse Check tha specified DLPDU is valid. If vhlid,

&rruedis returned.

7.9.5 Access Contro

7.9.5.1 Over@
The Alccess Contrgl ¥ e s responsible for deterministic media access contrpl and
scheduling opportuRi ¢ e DLPDUs, for control to add and remove nodgs and

for regtoration fro . disruption to be system down.

The AICM has\the prifga
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especially of\thie node transmitting the SYN DLPDU.

c) | Detecting network disruption, and initiating the SYN DLPDU transmit for restoration of
tiIU IIUtVVUIIr\ diblupiiun fIUIII dftUl PIUbeiIUUd tilllc duldtiUll ill Wilibil t;IC 3‘]’?‘]‘ DL'- DU iS
not heard.

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

7.9.5.2 ACM and the schedule support functions

The ACM functions schedule all communications between the DLEs participating in the RTE-
TCnet, and the timing of this communications is controlled as to;

1) Fulfill the specific media access control to give all the DLEs the opportunities to send
out 2 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.
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provide 3 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.

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

7.9.5.8 Primitive definitions

7.9.5.3.1 Primitives exchanged between ACM and RMC

Table|45 summarizes all primitives exchanged between ACM.and RM
Table 45 — Primitives exchanged betwe nd R
Primitive names Source I\ K } / A}sgciMarameters

RMC_

SEND_DATA.req ACM N\ /\\R'QDSDU( (5 ‘\>

RMC_

SEND_DATA.conf RMC I\)lQ Sta\ﬂg

RMC_

RECV_DATA.ind RMC /L NS‘D\k

The parameters used wjth the pri

%\)

nge the”ACM and RMC are described in Table 46.

D

7

imjtives exchanged between ACM and RM(

"able 46 {é> ters

Parameter name \/\\\/ Description

RMSD <\ DU'ef RMG/
RMC_ptatus /\ \ \St:hh{indicating the results of the request to RMC
7.9.5.8.2 rimitikes ¥xchanged between ACM and CTRC
Table|47 summarizes all primitives exchanged between ACM and CTRC.
Table 47 — Primitives exchanged between ACM and CTRC
Primitive names Source Associated parameters
SEND_ENABLE.ind ACM Speed-Class
ACM_SEND_DATA.req CTRC DLPDU
ACM_SEND_DATA.conf ACM ACM_status
ACM_RECV_DATA.ind ACM DLPDU
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The parameters used with the primitives exchange the ACM and CTRC are described in Table 48.

Table 48 — Parameters used with primitives exchanged between ACM and CTRC

Parameter names Description
ACM_Status Status indicating the results
DLPDU SDU of AMC
Speed-class Speed class indicating Time-critical Cyclic data transmission

7.9.5.8.3 Primitives exchanged between ACM and STRC

Table |49 lists all primitives exchanged between ACM and STRC.

Table 49 — Primitives exchanged between A?M{d% C

Primitive names Source /\Qs\%)ciaich\par meM
SEND|ENABLE.ind ACM Speed-Class \ \ )
ACM_$END_DATA.req STRC DLROU
ACM_$END_DATA.conf ACM /S{a\us)/ A
ACM_$END_DATA.ind ACM N\ /\\DL}DU () ‘\>

50.

-

changed between ACM and STR[C

Parameter names L \ \ Description

ACM_$tatus &} < Status MzaMMsults

DLPDY < u o\f\A,MQ\/

A\
Speed}class < \ ee class/?ndicating Time-critical Cyclic data transmission

L\
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7.9.5.4 ACM state table

The state transition diagram is shown in Figure 29.

Power-On or Reset

OFFLINE

NEXT_CYCLE c EC%KE )
Q SE,_TOKEN J

ate transition diagram of ACM

The state isseritered on power up or when DLM_Reset.request primitive is igsued.
In thig state,.a variables, parameters and configuration information are set up by DLE.
When|"In_Ring_Desire" becomes true, the state changes to “IDLE".

Th P VL T m Y I el L PO 52N M 3 nd—raadi o RTE TCO ot mambharohin A/ [«AVA NI LPDU
e state otE=—1S—to—Watt—ahta |Uauy 1A% JUIII T T o T e TITo T TSTITPY vve—a—o 1y

has been received from other SYN node, the state changes to “ENTER” in which REQ DLPDU
is sent out to claim adding into RTE-TCnet membership to current SYN node. Moreover in
“IDLE” state, when the signals over the transmission media continues inactive during a
specified time period, the state becomes to “CLAIM”, in which the node attempts to be new
SYN node.

The state “ACTIVE_IDLE” is in RTE-TCnet membership, and the node manages to obtain the
transmission right by RTE-TCnet media access control. Either When the node is operating as
SYN mode by transmitting SYN DLPDU or as Non-SYN mode receiving SYN DLPDU by other
SYN node, the state is in “CHECK_TOKEN".
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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 Time-critical Cyclic transmission
data and Sporadic transmission data. When all data has been sent out 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 51

Table 51 — ACM state table

Event

N¢. Current State Icondition ext\State
> actions (\

1 Any states POWER-ON or RESET %\\éﬂﬁé
=>

2 OFFLINE In_RIng_Desired = "True" \) IDLE
E R A
START_TIM (T(SL ,&(E\L
S

3 IDLE RMC_RECVSDATA, ENTER
/ RMSDU.FC 2
RMSDU PN =

4 IDLE CLAIM

(T(SL), V(SL) )

MG\ RECV /DATA.ind { RMSDU } IDLE
=> -\receiving a frame except the above --
TART_TIMER ( T(SL), V(SL))

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

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

;
%,

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

V(LN)++

8 ENTER RMC_RECV_DATA.ind { RMSDU } ENTER

/ RMSDU.FC = CMP &&

V(LN) = V(MN)

=> -- Live Node = Maximum Node No. --
RMSDU:= BUILD_PDU ( REQ))
RMC_SEND_DATA.req { RMSDU }
START_TIMER ( T(SL), V(SL))
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Table 51 (Continued)

ENTER

RMC_RECV_DATA.ind { RMSDU }

/ RMSDU.FC = CMP &&

V(LN) <> V(MN)

=> -- Live Node less than Maximum Node No. --
V(LN)++
START_TIMER ( T(SL), V(SL))

ENTER

10

ENTER

RMC_SEND_DATA.conf { }
=>
( none)

ENTER

11

ENTER

RMC_RECV_DATA.ind { RMSDU }

ACTIVE_IDLE

&E&FC——S¥N

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

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

12

ENTER

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

13

ENTER

=> -- Expired Silence Timer --
START_TIMER ( T(SL), V(SL )

EXPIRED_TIMER ( T(SL) ) = "True" \

14

CLAIM

RMC_SEND_DATA.conf {
/ CHECK_COL() = "Fal

Q

CLAIM

15

CLAIM

9

A\

(T(SL), V(SL) )

ACTIVE_IDLE

16

CLAIM

MC\SEND/DATA.conf { }
/ CHECK—COL () = "True"

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

IDLE

17]

=N

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

CLAIM

18

CLEATM

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

IDLE

19

ACTIVE_IDLE

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

CHECK_TOKEN

20

ACTIVE_IDLE

RMC_RECV_DATA.conf { RMSDU }
/ RMSDU.FC = SYN
=> -- sent SYN frame--
SYN_mode:= "True"
V(LN):=1

CHECK_TOKEN
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21

ACTIVE_IDLE

RMC_RECV_DATA.conf { RMSDU }

/ RMSDU.FC = DT

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

ACTIVE_IDLE

22

ACTIVE_IDLE

RMC_RECV_DATA.conf { RMSDU }

/ RMSDU.FC <> RTE-TCnet FRAME

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

ACTIVE_IDLE

2’!

ACTINVE 1D E

CVDIDI:I‘\ TII\III:D L TIQL) ) = "T."..!""

/

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

Y

mn

O

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 Clas
START_TIMER ( T(MAC),

USE_TOXQ\Q

25

CHECK_TOKEN

V(LN) <> V(TN)
=>

START_TIMER T(

V(LL)<V(LN)> = 1 && N
M ) (Ts] G

CHECK_TOKEN

26

CHECK_TOKEN

V(LL)<V(LN)> 20 &&
V(LN) <> V(M
=>
V(LN)++

CHECK_TOKEN

27|

CHECK_TOKEN

D_PDU (COM)
ATA.req { RMSDU }
R ( T(SL), V(SL))

ACTIVE_IDLE

28

VAN

V(LN) = V(MN) &&
YN frame .PN <> V(TN) &&
SYN_mode = "True"

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

NEXT_CYCLE

29

CHEGR TOKE

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

V(LN)++ = V(TN)
=> -- Get token --

USE_TOKEN

——matching V{CN)and on receiving CMP frame --
STOP_TIMER (T(SCMP))
Speed-Class:= 3 -- High Priority
START_TOKEN_HOLD_TIMER ()
SEND_ ENABLE.ind { Speed Class }
START_TIMER ( T(SL), V(SL))

30

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }
/ RMSDU.FC = CMP &&
V(LN)++ <> V(TN)
=>
-- not matching V(LN) and on receiving CMP frame --

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

CHECK_TOKEN
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Table 51 (Continued)

31

CHECK_TOKEN

RMC_RECV_DATA.ind { RMSDU }

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

=>

-- matching V(LN) and on receiving DT-CMP frame --
Speed-Class:= 3 -- High Priority
START_TOKEN_HOLD_TIMER ()
SEND_ ENABLE.ind { Speed Class }
START_TIMER ( T(SL), V(SL))

USE_TOKEN

32

CHECK_TOKEN

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

CHECK_TOKEN

V(LN)F¥+ <= V(TN)
=>

-- 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),

<\

CH K}Q@

34

CHECK_TOKEN

RMC_RECV_DATA.conf { RMSD
/ RMSDU.FC <> RTE-TCnet FRAME
=> -- Receiving SPORADIC Frame(--

\Q‘(ECK_TOKEN

35

CHECK_TOKEN

EXPIRED_TIMER (\T(SCMP)

ACM_RECV_DATA.ind
START_TIMER ( T(SL)V(SY) /\
N

V(LN)++
if SYN_mod

CHECK_TOKEN

36

CHECK E I\
SRE

CHECK_TOKEN

37|

aN

A\
CHECK (o \

XPIRED_TIMER ( T(SL) ) = "True"
/ U

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

IDLE

38|

E_TRKE

ACM_SEND_DATA.req { DLPDU }

/

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

USE_TOKEN

39

USE_TOKEN

RMC_SEND_DATA.conf { RMC_Status }

/ (DLPDU.FC = DT ) || (DLPDU.FC <> RTE-TCnet &&
EXPIRED_TIMER ( T(ATHT) ) = "False"

=>
ACM_SEND_DATA.conf { RMC_Status }
SEND_ENABLE.ind { Speed-Class }
START_TIMER ( T(SL), V(SL))

USE_TOKEN
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40

USE_TOKEN

RMC_SEND_DATA.conf { RMC_Status }

/ (DLPDU.FC = DT) || (DLPDU.FC <> RTE-TCnet ) &&
EXPIRED_TIMER ( T(ATHT) ) = "True" &&
Speed-Class <> 0

=> -- Expired THT, Next Speed Class --
ACM_SEND_DATA.conf { RMC_Status }
Speed-Class:= Speed-Class -1
START_THT ( Speed-Class )
START_TTRT (Speed-Class )
SEND_ENABLE.ind { Speed-Class }
START_TIMER ( T(SL), V(SL) )

USE_TOKEN

41

USE_TUREN

ACM_SEND_DATATEq { NI T

| Speed-Class <> 0

=> -- Next Speed-Class --
Speed-Class:= Speed-Class -1
START_THT ( Speed-Class )
START_TTRT (Speed-Class )
SEND_ENABLE.ind { Speed-Class }
START_TIMER ( T(SL), V(SL) )

USE_TUREN

42

USE_TOKEN

S

ACM_SEND_DATA.req { NIL }

| Speed-Class = 0

=> -- All sent --
RMSDU:= BUILD_PDU ( CMP,
RMC_SEND_DATA.req { RMSDU
START_TIMER ( T(SL), y(.% )

ECK/TOKEN

43

USE_TOKEN

/
=> -- expired
SYN_mode:=

IDLE

44

NEXT_CYCLE

ACTIVE_IDLE

45

NEXT_CYCLE Q

A

ACTIVE_IDLE

46

=

EXRIRED_TIMER ( T(SL) ) = "True"

=3>7expired Silence Timer -
SYN_mode:= "False"
START_TIMER ( T(SL), V(SL) )

IDLE

SO
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7.9.5.41 Functions used by ACM

All the functions used by ACM is summarized in Table 52.

Table 52 — ACM Function table

Function Name Input Output Operation

BUILD_PDU FC RMSDU According to requested FC(Frame Control),

bte—-theRFE—FGS 4 £
Rea

aSSeho e

EXPIRED_TIMER T(x) True/False When requested timer x has{been ired;\“Tjue” is
returned, otherwise False¢/ returned

MAIN|T_LL V(LN) (none) The node specified V, n T(SCNIP)
was expired. When i ired_all

number-of-times

past, the corregpon ) isgleared.

START TIMER T(x), (none) Timer x is, €3 o$ is activated.
V) ”\

START_THT Speed-Class (none) HT) isacti ted accarding to the V(TTRT|)
of

val cess>Class specified by|Speed-
A Cass§ 5

START TTRT Speed-Class | (ng éi;twat according to the V(TTRT)
Iue Ac ss specified by Speed-Clgss

STOR_TIMER T(x) (no@ rX|s a |vated

7.9.6 Redundancy
7.9.6.1 Over‘&
The redundancy me C) manages the selection of two inputs from tyo RX

framefs, and mo , puts to two Octet Serializers for reliable support, without
interryption of highe ransfer services. The function of RMC is as follows.

a) Regejredth\D\ the ACM, the RMC breaks them down into octet symbol requests
to [ botk € ializers so that the DLPDUs are send out over both of the

b) If collisien* ha appened during sending out DLPDUs over one of two transnfission
medjums, the data transmission over which collision happened is stopped immediatelly and
the YJAM signal specified by ISO/IEC 8802-3 is sent out for the next DLPDU ready| to be
sent out. Nevertheless if on another transmission medium there is no collision happens,
the data transmission over the transmission medium is continued without interruption.

c) The RMC selects one of two outputs from the Octet Deserializers. The selection is on first-
come basis to a frame without error, and the RMC submits octets of frame to the ACM.

d) The RMC provides a function purposely to select and designate one of two inputs from two
RX framers. This function is managed according to the value of RMSEL parameter in the
CW field of received SYN DLPDU. The relationship between the redundant medium
selection and the value of RMSEL parameter is specified in 7.8.2.1.1.2.2. In the case of a
single medium system the control command by RMSEL is ignored.
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Table 53 shows all of the primitives exchanged between ACM and RMC. Table 54 is the

primitives between RMC and Serializer /Deserializer,

RMC and Ph-layer is shown in Table 55.

Table 53 — Primitives exchanged between ACM and RMC

furthermore the primitives between

Primitive names Source Associated parameters
RMC_FEND_DATA.req ACM RMSDU
RMC_BEND_DATA.conf RMC RMC_Status
RMC_RECV_DATA.ind RMC RMSDU

Table 54 — Primitives exchanged between RMC a {ds\ria ize | Deserializer

Primitive names Source \Asgxa \\m{eters
TX_DATA_A.req RMC RWD% )
TX_DATA_B.req RMC /R\Q}»\th/ A\ \
TX_DATA_A.conf Seria(zeé\ < \Stétus K U )\/
TX_DATA_B.conf Serializéks Sta}u{ N
RX_DATA_A.ind Deserl@mer A m>
RX_DATA_B.ind Werw g@u,

us

itives ex

ok

anged between RMC and Ph-layer

Primitive games.

/gource

Associated parameters

PLS CARR|EF3[A\‘Q\\QnSn\ Ph-layer A CARRIER_STATUS(ON/ OFF)

PLS smwp\\nd.cM Ph-layer A SIGNAL_STATUS(ERROR/NO _ERROR)

pLs_OA VA\i% W Ph-layer A DATA_VALID_STATUS(DATA_VALID/DATA_NPT VA
LID)

PLS_JARRIER A idigatioh Ph-layer B CARRIER_STATUS(CARRIER_ON/CARRIER_DFF)

PLS_dIGNAL/B.indication Ph-layer_B SIGNAL_STATUS(SIGNAL_ERROR/NO_SIGNAL_ER
ROR)

PLS_DATA_VALID_A.indication Ph-layer B DATA_VALID_STATUS(DATA_VALID/DATA_NOT VA

LID)

7.9.6.2.2

Parameters used between RMC and ACM, Ph-layer

Table 56 and Table 57 show the parameters used for interaction between RMC and ACM or

Ph-layer respectively.
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Table 56 — Parameters between RMC and ACM

Parameter names Description
RMSDU Service data unit used between RMC and ACM
RMC_Status Status for result of request, condition of receiving etc
TX_ENABLE Enable/Disable control for data transmission

Table 57 — Parameters between RMC and Ph-layer

Parameter names Description /TN
CARRIER_STATUS Status for condition of carrier signal on or not over m;@i&m
SIGNAL_STATUS Status for collision happened /\\ \

DATA |VALID_STATUS Status for received data available \ \ \/

7.9.6.
7.9.6.

Figurg 30 shows the state transition djagram o i Send arbitration. The

table

arbitrgtion is shown in Table 59.

A

RS

B RMC state table

B.1 State table for Sending and Send arbi

bf RMC Sending is shown in fle state table of RMC

RMC_SEND_DATA.conf

S\

SENDING SEND ARBITRATION

Figure 30 — State transition diagram of RMC Sending and Send arbitration

state
Send
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Table 58 — State table of RMC Sending

Event
No. Current Icondition Next state
state .
> actions
1 READY RMC_SEND_DATA.req { RMSDU } TEN_WAIT
/ RMC_STATE <> "TX_ENABLE"
= (no action)
2 READY RMC_SEND_DATA.req { RMSDU } SND_WAIT
/ RMC_STATE = "TX_ENABLE"
> e Under transmission enable
SNDC = TX_DATA_AB ( RMSDU ) S~
3 TEN_WAIT | / RMC-STATE <> "TX_ENABLE" d TEN_WAIT
> (no action
( ) /\ (\
4 TEN_WAIT | / RMC_STATE = "TX_ENABLE" \@_WAIT
> e Channel A into fra ission,_enable
SNDC = TX_DATA_AB (RMSDU)
5 $ND_WAIT | TX_DATA_A.conf {} READ|Y
/ SNDC =1
> e Transmission completed thrQqugihGhanne| A
RMC_SEND_DATA.conf { Status:= "succ ss"}m
6 END_WAIT | TX_DATA_B.conf {} \/ READ)Y
/ SNDC =1
> emmeend through Channel B
RMC_SEND_DATA.conf :
7 ND_WAIT | TX_DATA_A.conf {} m \) SND_lWAIT
i3gioQ co
8 ND_WAIT SND_WAIT
9 $ND_WAIT READY
AN
10 | $NDWAIM READIY
------- Transmission completed through Channel B
RMC_SEND_DATA.conf { Status:= "fail"}
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Table 59 — State table of RMC Send arbitration

Event
No. Current Icondition Next state
state .
=> actions
1 READY PLS_CARRIER_A.indication { CARRIER_STATUS ( OFF )} CDB_WAIT
/
> e Carrier Off over medium A
START_TIMER ( T(AIGPp) )
START_TIMER ( T(ARMGP) )
2 READY PLS_CARRIER_B.indication { CARRIER_STATUS ( OFF ) } CDA_WAIT
7
> mmmmmmmmeees Carrier Off over medium B
START_TIMER ( T(AIGPR) )
START_TIMER ( T(ARMGP) ) /\ R
3 dDB_WAIT EXPIRED_TIMER ( T(AIGPT) ) = "True" \Q(/ENABLE
/
> mmmmmmeeeeeeees No transmission from Chanhel A
AN
4 | doB_WAIT | PLS_CARRIER_B.indication { CARRIER_STATUS OFN \> CDB_VAIT
/
e No transmission from botk Charpel A and B

START_TIMER ( T(AIGPg) )

STOP_TIMER ( T(ARMGR) ) (\ A\
N
rue"

\\_J)/ TX_ENABLE

5 gDB_WAIT

6 | dDA_WAIT

N4 TX_ENABLE

7 | dDA_WAIT R i RRIER. STATUS ( OFF )} CDB_WAIT

8 gbB_WAIT = "True" TX_ENABLE
e N\ U W Inter-packet-gap time elapsed over channel A

9 | xS AB\LF\\/ \> READIY
> 0\ e Signal TX_ENABLE to Sending state machine

NOTE RULC;VCLJ DLPDUD fIUIII tiIU AC;V‘I, tiIU R?V‘IC IUID‘d:’\b tiIUIII UIUVVII iIItU uutct byIIIIUUi |cqucata tU IUJth tWO

Octet Serializers so that the DLPDUs are send out over both of the transmission medium A and B simultaneously.

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

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

NOTE 4 Both case of NOTE 2 and NOTE 3 are carried out on basis of DLPDU by DLPDU.
NOTE 5 TX_ENABLE signal is actually activated by later one of the expired timing of T(GP ) and T(GPg).
NOTE 6 After one of T(AIGPx) expired and further waited for the T(ARMGP) expired, if not received that the other

T(AIGP+«) is expired, the RMC decides the corresponding channel enters into abnormal condition. The
reestablishment from abnormal state is by the expiration signal of the T(AIGP«) received.
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7.9.6.3.2 State table for RMC Receiving

Figure 31 depicts the state transition diagram of RMC Receiving, and the state table of RMC
Receiving is shown in Table 60.

RMC_RECV_DATA.ind

INITIALIZE

2,3,4,5,6,7,8,9

ab 6
No. Current g\\% condltlon Next|state
state
actions
1 INITIALIZE READJY
.............. Determine Receive channel
2 | READ F\&E C\WS) READ)Y

\:>
RC\M:="DECIDE_RCVM ()

3 HEADY. MTA_A.ind { RMPDU } READ)Y
/ RCVM = MEDIA-A && Status:= NORMAL &&
RMPDU = "SYN" frame

=3

LAST_RMA:= NORMAL

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

4 READY RX_DATA_A.ind { RMPDU } READY
/ RCVM = MEDIA-A &&
Status:= "NORMAL"

=
LAST_RMA:= "NORMAL"
RMSDU:= RMPDU
RMC_RECV_DATA.ind { RMSDU }



https://iecnorm.com/api/?name=5f7922da1282458e0788946119743651

PAS 62406 © IEC:2005 (E) -101 -

Table 60 (Continued)

5 READY RX_DATA_A.ind { RMPDU } READY
/ RCVM <> MEDIA-A &&
Status:= "NORMAL"

=

LAST_RMA:= "NORMAL"

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

LAST_RMA:= ERROR
RCVM:= DECIDE_RCVM ()

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

=

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

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

>

LAST_RMB:= "NORMAL"
RMSDU:= RMPDU
RMC_RECV_DATA.indRM

10 | READY READ)Y

9 | READY RX_DATA_B.ind { RMPDU ) N/ READIY
/ RCVM <> MEDIA-B &&
Status:= "NORMAL"
“LasT R@qﬁ\ﬁl_\ Q

NOTE initi age F i Wlected.

NOTE 1 itchi : RCV()” is executed immediately after received the command.
NOTE

is selected according to “Manual-select”.
is selected according to the mode specified by RMSEL in SYN DLPDU reg¢eived.
c) Once'setected 2nd without any error happened, the selected Receive-Media is maintained.

d) If any error happened, the other Receive-Media is selected.

7.9.6.4 Functions used by RMC

The functions used by RMC is summarized in Table 61.
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Table 61 — RMC function table

Function name

Description and Operation

EXPIRED_TIMER (T(X))

When requested timer x has been expired, "True" is return, otherwise "False" is
returned.

FORCE_RCVM (RCS)

if RCS:= Force_A

then RCVM:= MEDIA-A

endif

if RCS:= Force_B

then RCVM = MEDIA-B

if RCS:= Automatic

then RCVM:= DECIDE_RCVM()

STARJT_TIMER ( v(t))

Activate the timer specified . STOP_TIMER() forces to stop th specified and
running. “Expired Timer” event happens at the time that a d;l\lgnated imekr.expjred.

STOPT_TIMER( v(t) )

Forcibly stop the timer specified.

DECI

DE_RCVM ()

Receive-media is selected by "FORCE_RECV", "Man
DLPDU" and is switched on a condition basis of preui
"Automatic" mode.

Switching control is executed in the order of/d i iori “ VM”,
“Manual-select”, “RMSEL in SYN DLPDU” tic”
mode.

If FORCE_RCVM( RCS:= MEDIA

TX_D

\TA_AB (PDYY_

nd the DU ut over both Media-A and B at the same time, however it is propibited
edia banned. The requested counts of TX_DATA_A or B

if dia-B is permitted to send out

théen TX_DATA_B.req { PDU }
sndc:= sndc + 1

endif

return sndc
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7.9.7 Serializer and Deserializer

Serializer and Deserializer is identical to ISO/IEC 8802-3 specification.

7.9.8 DLL Management protocol
7.9.8.1 Overview

The interface protocol between DLM and DLMS-user is described in this section. This section
of the DLL management protocol provides the DLL management services specified in section
6.5.2.5 by making use of the services available by the DLMS-user.

In thig section fully implementation matters and local matters are intention cluded:

7.9.8.2 Primitive definitions
7.9.8.21 Primitives exchanged between DLMS-User and

Table|62 shows all primitives exchanged by DLMS-User angfL

Table 62— Primitives exchanged between sUser andDLM
N
Primitive names Source /\\)/ /\As§v\wiak¢{parameters

DLM_FReset.request DLMS-{J{e\\ /\\(”9’19) ( Q ‘\)

DLM_FIteset.confirm DLM DL\kStat\ti /

DLM_$et_Value.request DLMS-U/fs€rA Mat}‘e\Name, Desired-value

DLM_$et_Value.confirm \ (\ WS

DLM_Get_Variable.request < M\ \) V‘Qr@)Ie_Name

DLM_ Bet_VariabIe.confirm[\ BLM_Status, Current_value

DLM_H vent.indicatiop\ \QLM\ \ Event-identifier, Additional-information

DLM_$et Publlshe@ ation. \ DLMS+User Desired-speed-class, Desired-configuration
request R

DLM_$et_Publisher DLM DLM_Status
confirmation

DLM_Get_PublisherCanfiguratiqn. LMS-User Desired-speed-class
requedt

DLM_Get Publisher_ figuration. | DLM DLM_Status, Current-configuration
confirmatio

DLM_Activate_Tt request DLMS-User Desired-speed-class
DLM_A ctivate_TCC.coMmation DLM DLM_Status
DLM_q)eactivate_TCC.request DLMS-User Desired-speed-class
DLM_Deactivate_TCC.confirmation | DLM DLM_Status

7.9.8.2.2 Parameters used with primitives exchanged between DLMS-User and DLM

All parameters used with primitives exchanged between the DLMS-User and the DLM is
summarized in Table 63.
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Table 63 — Parameters used with primitives exchanged between DL-user and DLM

Parameter names Description

DLM_Status Status of the service execution

Variable_Name DL variable names to be addressed

Desired_value DL variable value to be set

Current_value Current DL variable value to be read out

Event-identifier / Additional- Event whose occurrence is being announced with related DL variable and

information the state changed.

Desired-speed Speed-class for the Time-critical Cyclic data transmission

Desirefd-configuration A set of DLCEP-identifiers to be set as a publishepforthe Time-<crifical
Cyclic data transmission with desired-speed CI%

N

Currerjt-configuration A current set of DLCEP-identifiers set as a lisher fonthe| Pme-dritical

Cyclic data transmission with desired-speeg\a s

7.9.8.8 DLM state table

The DLM state transition diagram are shown in Figurg e 64.

DLM_Reset.req / conf

Figure 32 — State transition diagram of DLM
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Table 64 — DLM state table

Event
No. Current state Icondition Next state
= actions
1 READY DLM_Reset.req {} WAIT_RESET_CNF
=
MAC_reset:= MAC_RESET()
RMC_reset:= “FALSE”
2 | WAIT_RESET_CNF | / MAC_reset:= “TRUE” && RMC_reset:= “FALSE” WAIT_RESET_CNF
=
RMC_reset:= RMC_RESET (
3 | WAIT_RESET_CNF |/ N AD
> -- MAC and RMC reset corgple
RESET_VAR ()
DLM_RESET.cnf { DLM_Status:= "Success" )
4 | Reapy DLM_Set_Value.req {Variable_name, Desired~ } oo\ \| REASY
/ CHECK_VALUE ( Variable_name, Desire "Rk
=
SET_VALUE (Variable_name, Desifed_value
DLM_Status:= "Success"
DLM_Set_Value.conf { DLM_W }

5 RE ADY READY
6 READY READY
<> rrent_value, DLM_Status }

7 READY et.Valus.r ariable_name } READY

/ CHECR\VAR ( VAariable_name ) <> "Valid"
€ ~alue:= NIL
LM\Stagas:= "Failure”
w 3 _G¢€t_Value.conf { Current_value, DLM_Status }
8 REA \ }I?;I@_Set_Publisher_Configuration.req { Desired-speed-class, READY
ired-configuration }
/ CHECK_PC ( Desired-speed-class, Desired-configuration ) =
"Valid"
=
SET_PC (Desired-speed-class, Desired-configuration )
DLM_Status:= "Success"
DLM_Set_Publisher_Configuration.conf { DLM_Status }
9 READY DLM_Set_Publisher_Configuration.req { Desired-speed-class, READY

Desired-configuration }
/| CHECK_PC ( Desired-speed-class, Desired-configuration ) <>
"Valid"

=

DLM_Status:= "Failure"
DLM_Set_Publisher_Configuration.conf { DLM_Status }
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Table 64 — (continued)

Event
No. Current state Icondition Next state
= actions
10 | READY DLM_Get_Publisher_Configuration.req { Desired-speed-class } READY
/ CHECK_SPEED ( Desired-speed-class ) = "Valid"
=
Current-configuration:= GET_PC (Desired-speed-class )
DLM_Status:= "Success"
DLM_Get_Publisher_Configuration.conf { DLM_Status,
Current-configuration }
11 | READY DLM_Get_Publisher_Configuration.req { Desired-speed-class ADY
/ CHECK_SPEED ( Desired-speed-class ) <> "Valid"
=
Current-configuration:= NIL
DLM_Status:= "Failure"
DLM_Get_Publisher_Configuration.conf { DLM_ s,
Current-configuration }
12 | READY DLM_Activate_TCC.req { Desired-speed-cl READY
/ CHECK_ATCC ( Desired-speed-class ) ="'
=
STOP_TCC ( Desired-speed-class
DLM_Status:= "Success"
DLM_Activate_TCC.conf { DL tagus ) /\
13 | READY DLM_Deactivate_: spe d-cl\asg } READY
/ CHECK_DTCC (D s )= \Walid"
=
START_TCC (Degired-speed-
DLM_Status:= "Syccess"
N\ C.canf tatus }
14 | READY READY

o
.heg { Desir@d¢speed-class }
eedsclass ) <> "Valid"
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The DLM Functions are summarized in Table 65.

Table 65 — DLM function table

Function name

Description and Operation

CHEC

speed-

K_PC ( Desired-
class, Desired-

configuration )

Possible Desired-speed-class value are:
High-speed

Check that the requested Desired-speed-class and Desired-configuration are valid.

Medium-speed or Low-speed

Check that DLCEP-address value and total amount of Desired{configuration,

Furthermore, when TCC data transmission of the request De5|r eedkclasg is
inactive, the value “valid” is returned.
CHECK_SPEED Check that the requested Desired-speed-class are ossible Des ed\spe/ -class
( Desifed-speed-class ) | are:
High-speed
Medium-speed
Low-speed
CHECK_VALUE Check that the requested Variable wi DeS|re va are valid }(ossmle variables
( Varigble-name, with the value are defined in the cor esp ing part .ot slause’7 Data Link Layer
Desifed_value ) Protocol speciation.
CHECK_VAR Check that the requés d Va a Ie ake vaI 0s |b riables are defined in thp
( Varigble_name ) corresponding par of cl 7 Dat L|nk aye ol speciation.
CHECK_ATCC Check that the requested Desired-spée d-cIanlid. Possible Desired-speed-class
( Desited-speed-class ) | are:
High-speed
Mediym-speed
ission of the requested Desired-speed-clasg is
ned.
CHECK_DTCC ere eéie{%sired-speed class are valid. Possible Desired-speed-class
( Desifed-speed-cl
n TCC data transmission of the requested Desired-speed-clasg is
(\ , the value “valid” is returned.
GET_ N VA NGe theMje of requested Variable.
(Varia )I
RESET_VAR Mize all valuables and the set of the Publisher-configuration for each Speed{class.
JTCC data transfer service is deactivated.
START_TCC Activate the TCC data transmission of requested Desired-speed-class.
( Desifed=speed )
STOP_TCC Deactivaie the TCC data fransmission of the requesied Desired-speed-class.

( Desired-speed )
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8 Application Layer Service definitions

8.1 Introduction

This part of RTE-TCnet specification is one of a series produced to facilitate the
interconnection of automation system component. It is related to other standards in the set as
defined by the "three-layer" Fieldbus Reference model, which is based in part on the Basic
Reference Model for Open Systems Interconnection. Both Reference Models subdivide the
area of standardization for interconnection into a series of layers of specification, each of
manageable size.

The Application Layer Service is provided by the Application Layer Protocgimaking use|of the
services available from the Data Link or other immediately lower layer,.This paxt defings the
Appligation Layer Service characteristics that any immediately higher-| protocol may
exploit. The relationship between the International Standards for Fieldk ink\Sgervice,
Fieldbus Data Link Protocol, Fieldbus Application Service, Fieldbus Applicatig and’ $ystem
Management is illustrated in Figure 33.

NOTE |Systems Management, as used in this PASs a local mechanis

Application > : —
services : Application
Application 2% ' Management

eNY” 1 services

Q) o :

%“Xéy\\ 78

7 § E

sical L yer !

RGN !

N
AN N

:/%\s\hmij;}f the RTE-TCnet Application layer to other
rs and sers of RTE Application Layer service

The RTE(Applicati Layer provides user programs with a means to access thg RTE
unication environment. In this respect, the RTE Application Layer can be viewed as a

RTE-TCnet Application Layer is an Application Layer Communication Specification designed
to support the conveyance of time-critical and non-time-critical application requests and
responses among devices in an automation environment. The term "time-critical" is used to
represent the presence of an application time-window, within which one or more specified
actions are required to be completed with some defined level of certainty.

This part specifies the structure and services of the RTE-TCnet Application Layer. It is
specified in conformance with the OSI| Basic Reference Model (ISO/IEC 7498) and the OSI
Application Layer Structure (ISO/IEC 9545)
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RTE-TCnet Application services and protocols are provided by RTE-TCnet application-entities
(AE) contained within the application process. The RTE-TCnet AE is composed of a set of
object-oriented Application Service Elements (ASEs) and a Layer Management Entity (LME)
that manages the AE. The ASEs provide communication services that operate on a set of
related application process object (APO) classes. One of the ASEs is a management ASE that
provides a common set of services for management of the instance of RTE-TCnet Application
layer classes.

This part of RTE-TCnet specifies interactions between remote applications in term of

— an abstract model for defining application resources (objects) capable of being

nnnnnn latad-ba P FH ik FRTE TCO ot Aol fion | o [«
IIIUIIIVUIULGU u_y HSefrS—vatheuSeor rr=—1TChett r\yyuuuuun |_qu| >ef vuuv,

—| the primitives (interactions between the RTE-TCnet Application a RTE-
TCnet Application user) associated with each RTE-TCnet Appliga ice;

—1| the parameters associated with each primitive;

— the interrelationship between and the valid sequence each
service.
Sever as a
comm
Altho gt and
respo lesting
and re bf the
applic y can
send/ eceive i ifi [ i 5 flexibility to the RTE-TCnet usgrs in
i f i rvices
are alp ontrol

certain aspects of its ope a

8.3 |Void

8.4 |Term and@ i

application eqtity invocation

f) | dpplication process invocation

g) application transaction
h) real open system
i) transfer syntax

8.4.2 ISO/IEC 8822 terms
For the purpose of this PAS, the following terms as defined in ISO/IEC 8822 apply.

a) abstract syntax
b) presentation context
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8.4.3 ISO/IEC 9545 terms

PAS 62406 © IEC:2005 (E)

For the purpose of this PAS, the following terms as defined in ISO/IEC 9545 apply.

Q

application-association

O

application-context

o O

)

)

) application context name

) application-entity-invocation
)

application-entity-type
f) _application-process-invocation

g)| application-process-type
h)| application-service-element

i) | application control service element

8.4.4 ISO/IEC 8824-1 terms

For the purpose of this PAS, the following terms as defined i

a)| object identifier
b)| type

8.4.5 Fieldbus Data Link Layer te

For the purpose of this PAS, the following fined

apply.
)| DLCEP
)| DLC

c)| DLPDU
)| DLSDU
)| DLSAP
f) | fixed tag

j) | netwo
k)| nodeaddre
[) | nade

EC 61158-3 and IEC 61158-4

tag
n) scheduled

0) unscheduled
8.4.6 Fieldbus Application Layer terms

For the purpose of this PAS, the following definitions apply.

V)

application

o T

)
) application layer interoperability
) application objects

)

o

application process
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e) application process identifier

f) application process object

g) application process object class

h) application relationship

i) application relationship application service element
j) application relationship endpoint

k) attribute

I) behavior
m)_hit-na

class

)
0)| class attributes
)| class code

)| class specific service
r) | connection
s)| conveyance path

t) | cyclic

u)| dedicated AR

v) [ endpoint

w)| frame

x) | pre-established AR endpoint
y)| publisher

z)| push publisher

aal) service
abl) subscriber
8.4.7 RTE-TCn; 8

For the purpose «f thi ¥ing definitions apply.

8.4.7.1

Virtua|] con s yer RTE-TCnet, which is shared by participating RTE-TCnet
’the Time-critical Cyclic data to distribute in temporal and

and ig prima
cohergncy.

8.4.8 Symbols and abbreviations

nodes
spatial

AE Application Entity

AL Application Layer

AP Application Process

APDU Application Protocol Data Unit

AR Application Relationship

AREP Application Relationship End Point
ASE Application Service Element

CM Common Memory

DL- (as a prefix) Data Link-

DLC Data Link Connection
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DLCEP Data Link Connection End Point

DLL Data Link Layer
FAL Fieldbus Application Layer
IEC International Electro technical Commission
ind Indication
ISO International Organization for Standardization
PDU Protocol Data Unit
Req Request
RTE Real Time Ethernet
SAP Service Access Point
SQuU Service Data Unit
8.4.9 Conventions
8.4.9.1 General
This HAS uses the descriptive conventions given in ISO/IE
8.49.p Conventions for RTE-TCnet
None.
8.5 |[Concept
8.5.1 Overview
The RTE-TCnet Application i RTE-TCnet specific common mgemory
system, so-called Co - emory is a virtual common memory over
RTE-TCnet, is used 3 e participating node, application prodesses
runnin » Memory by means of Time-critical Cyclif data

transf

Size §

g over ea (0]
Br services i

temporal and spatial coherency.

into n
imple

nd capacity” de implementation. However the Common Memory is givided
umbers size of memory. The number and the size depends allso on
i clic data transfer, specified by the DL-service and thHe DL-

protoqol in_t s PAS\ ed out on each data block basis and each data of blpck is

Each

Point (AREP), and™

lock innthe Common Memory is associated with one of Application Relationship End

identified by the AREP and is used by multiple application procesjses in

commpn_-The block is a container for application data in general use and provides flexibjility to

apply n'a \/aripty of industrial application processes
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Figure 34 shows one of the application examples using the Common Memory system.

Value#1 Value#3
— 7777 Controller #1
Read Data
X Aol
(G )
ﬁ
Common
Memory
RITE-TCnet / /
Value#1
/r | / Value#2
17— — i YYYy
Common Common \
Memory Memory |
/
AN [/ 4
\ . 7 1
Input Data Changed | Write Data Changed

Remote 1/0 #3 Ccﬂoller /#( X\/

8.5.2
Figurs ory. It
utilizep a cyclic broadcast Aransmissign ism with common memory that is a¢tually
implemented in Qde ang givemthe same address space on the network. The common
memolry is divid@ dedi gach node’s transmitting data. This is refreshed in
the sgme memory“a 2 ~ Qn A fixed cyclic period. By this means, the contfollers
can qliickly accesg’g ¢ data“gvoiding troublesome communication procedures.

Node 2 Node 3 - Node n

Commo ‘ anmimon Memory ~ Common Memory Common Mgmory
AN

[ BB e G
%@ﬁ/?/ffz 7 DT1 DT
- DT2 DT2
]

RTE-TCnet

Figure 35 — Global Common Memory concept over RTE-TCnet
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8.5.3 Relationship of common memory and AREP

The Common Memory is divided into numbers of block with several size of memory, of which.
number and size depends on implementation however the size is recommended from 16 to 64
for efficient application.

Each block in the Common Memory is associated with one of Application Relationship End
Point (AREP), which is unique, is commonly used and identified in the RTE-TCnet domain.
The unique number assigned to each block associated with one of AREP is used to identify
and determine actual position of the Common Memory address.

Each
each plock, receives data of each block from other node as a subscribe
contents of the corresponding block on the local physical memogy

configuration to the Common Memory.

and updates the

iss.idéntical

When|on creation of new AREP, AL-user specifies three kind o
Medium-Speed and Low-Speed class, to the AREP.

peed.

Figurg 36 depicts the relationship between the Commo 1 0d thec AREP on each node.

Global Common Memory

AREP i

o

Publish

Publish

Node 1 CM Node 2 CM Node 3 CM Node n CM
CM: common memory

Figure 36 — Relationship of Common Memory and AREP
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8.5.4 Common memory data type

The data type applied to a block which is associated with one of AREP, is primarily based on
the basic data type defined in IEC 61158-5, Clause 5. Using these data type, Array or
Structure is built.

The primitive data types forming Array or Structure in a block of the Common Memory is as
follows.

Boolean;

BifStrings;
Bi{String16;

TE;
eOfDay without date indication;

eDifference without date indication;
gers;

Integer16;

Integer32;

Urlsigned8;

Urlsigned16;

Urlsigned32;

Flpat32;
BlparyTimeO;

B 1aryTime1©
haryTime2;

B
BlparyTime3;

BlparyTime4;
BlparyTi

Blpa
BlparyTi

BlparyTimeO;
OgtetString2;
OctetString4;
VisibleString2;
VisibleString4.

8.5.5 RTE-TCnet ASE and services

The RTE-TCnet Application Layer provides the Update_Memory service for performing to
update the contents of the Common Memory. For this purpose, RTE-TCnet AE is provided
with the Common Memory ASE and the AR ASE.
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Figure 37 depicts the structure or RTE-TCnet AL ASE.

Update_Memory request
Update_Memory confirmation
RTE-TCnet ASE A Update_Memory indication

A 4

Common memory
ASE

PAS 62406 © IEC:2005 (E)

Memory_Status.indication

DL-layer

Figure 37 — Structure of RTE AL

8.6 |Common memory ASE

8.6.1 Overview

The Gommon Memory A&
and write data from/to the
procegses running on

gmory service for the ALS-user td
order to intercommunication between

read

8.6.2 lass specification
8.6.2.1

ASE:

CLASS:

CLASSS ID:

PARENT CLASS: TOP

ATTR|BUTES:

1 (mm—Key Attribute—Notused

2 (m) Attribute: Role (Publisher, Subscriber)
3 (m) Attribute: State

4 (m) Attribute: Common memory

4.1 (m)  Attribute: Total memory size

4.2 (m) Attribute: Block memory size
SERVICES:

1 (o) Ops Service Update-Memory

2 (o) Ops Service Memory-Status


https://iecnorm.com/api/?name=5f7922da1282458e0788946119743651

PAS 62406 © IEC:2005 (E) - 117 -

8.6.2.2 Attributes

Role

This attribute specifies the role for each common memory block with the same meaning as
AREP. The valid values are:

Publisher

Endpoint of this type publishes their data by issuing Update-Memory

service request primitive;

Subscriber

Endpoint of this type subscribes the data in response to Update-Memory

servicechicatiomprimitive:
State
This dttribute indicates the current state of the Common Memory A h defined

in detail in clause 9.

Common memory

The fqllowing attributes specify the capacity of the
Tdtal Memory size

The¢ capacity of the whole common

Blpck Memory

The size of the block a

8.6.2.8 Services

Update Memory@
The Update_Memdry

bock ¢f the Com

The Update
block s update

Memdry-

The Memory Statu

8.6.3 Service specification of Common memory (CM) ASE

size

t of a

nated

dication primitive is used to notify the ALS-user the timing to publish.

8.6.3.1 Supported services

The services provided by Common Memory ASE are as follows.

Update Memory
Memory-Status
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8.6.3.2 Update Memory service

8.6.3.2.1 Service overview

The Update_Memory service is used by the ALS-user to update the content of the bock of the
on Memory as a publisher. AR is based on the Push model of Publisher and Subscriber.

Comm

8.6.3.2.2 Service primitives

The service parameters for this service is shown in Table 66.

Table 66 — Update Memory service parameters

Rarameter name Req Ind R{p Caof
Argument M M(=) Q
AREP M M(=)
Memory Contents M M(({\
Argument

The afgument contain the parameters of the Upd

Mema

This p

8.6.3.2.3 Service proced

The ALS-user issues

ASE 3

The A

other t

8.6.3.

8.6.3.8.

Memo

ice uest.

ry Contents

arameter contains the Common

ssembles AiDU
SE on remo G

indication primitive.

global

€emmon Memory.

8.6.3.3.2 Service primitives

The service parameters for this service are shown in Table 67.

Table 67 — Memory-Status service parameters

Parameter name Req Ind Rsp Cnf
Argument M

AREP M

Memory status code M

nd the

forms the ALS-user on reception of the APDU from

ry Status service informs the ALS-user the status of the local memory identigal the
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