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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-24: Data-link layer protocol specification —
Type 24 elements

FOREWORD

1) Thel International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interpational
co-gperation on all questions concerning standardization in the electrical and electronic fields. To this gnd and
in afldition to other activities, IEC publishes International Standards, Technical Specifications, Technical Heports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “EC) Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dgalt with
may participate in this preparatory work. International, governmental and non-governmental organizations|liaising
witH the IEC also participate in this preparation. IEC collaborates closely with the International Organizdtion for
Stapdardization (ISO) in accordance with conditions determined by agreementibetween the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters expressyas nearly as possible, an interpational
congensus of opinion on the relevant subjects since each technical\committee has representation ffom all
intefested IEC National Committees.

3) IEC| Publications have the form of recommendations for interfiational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are ‘made to ensure that the technical content| of IEC
Publications is accurate, IEC cannot be held responsible\ for the way in which they are used or for any
mis|nterpretation by any end user.

4) In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publjcations
transparently to the maximum extent possible in their'national and regional publications. Any divergence between
any|IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC]itself does not provide any attestation of<conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent certification bodies.

6) Al

7) No liability shall attach to IEC g@r its directors, employees, servants or agents including individual expgrts and
merthbers of its technical committees and IEC National Committees for any personal injury, property damage or
oth¢r damage of any natufe_whatsoever, whether direct or indirect, or for costs (including legal fe¢s) and
expenses arising out of~the publication, use of, or reliance upon, this IEC Publication or any otler IEC
Publications.

sers should ensure that they hayetthe latest edition of this publication.

8) Attdntion is drawn te the Normative references cited in this publication. Use of the referenced publications is
indispensable forythie correct application of this publication.

9) Attgntion is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rightts. IECsshall not be held responsible for identifying any or all such patent rights.

Attentjon(is drawn to the fact that the use of the associated protocol type is restricted|by its
intelleetaad plUpUlty |;yht hotders—tratt CasSes; the—commitmenttotimitedreteaseofintetectual-
property-rights made by the holders of those rights permits a layer protocol type to be used with
other layer protocols of the same type, or in other type combinations explicitly
authorized by its intellectual-property-right holders.

NOTE Combinations of protocol types are specified in the IEC 61784-1 series and the IEC 61784-2 series.

IEC 61158-4-24 has been prepared by subcommittee 65C: Industrial networks, of IEC technical
committee 65: Industrial-process measurement, control and automation. It is an International
Standard.

This third edition cancels and replaces the second edition published in 2019. This edition
constitutes a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

e addition of a new cyclic transmission mode which called "no time slot type" in Subclause
4.3.2.4;

e ad

dition of a new frame format for no time slot type in Subclause 5.4;

e addition of a new DLE element procedure for no time slot type in Subclause 6.2.3.2.4,
6.3.3.2.2.4, 6.3.3.3.2.4;

e addition of a new DLM protcol machine for no time slot type in Subclause 7.5, 7.6; and

e spelling and grammar.

The tq

Full information on the voting for its approval can be found in the report-on voting indica

the aj

The 14

This d

xt of this International Standard is based on the following documents:

Draft Report on voting

65C/1202/FDIS 65C/1243/RVD

ove table.
nguage used for the development of this International Standard is English.

ocument was drafted in accordance with ISO/IEC{Directives, Part 2, and develo

ted in

bed in

accordlance with ISO/IEC Directives, Part 1 and ISO/IEE Directives, IEC Supplement, available

at ww
descri

A list
netwo

The c
stabili
specifl
« re
e wi

* re

« anmended.

w.iec.ch/members_experts/refdocs. The main document types developed by IE
bed in greater detail at www.iec.ch/publications.

of all parts of the IEC 61158 series, *under the general title Industrial commun
ks — Fieldbus specifications, can beffound on the IEC web site.

bmmittee has decided that the contents of this document will remain unchanged ur
ly date indicated on the IEC website under webstore.iec.ch in the data related
c document. At this date,.the document will be ...

confirmed,

hdrawn,

blaced by a revised edition, or

C are

cation

til the
to the
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INTRODUCTION

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

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

sound

basis for development in order to serve a variety of purposes:

e as
e for
e as
e as
This d

effect
positiq

work fogether in any combination.

The In
that c
conce

The h
reaso
In this
may bl

Attent
subje
respo

a guide for implementers and designers;

use in the testing and procurement of equipment;

a refinement to the understanding of time-critical communications within OSI.

ocument is concerned, in particular, with the communication and'interworking of se
brs and other automation devices. By using this document together with other stan
ned within the OSI or fieldbus reference models, otherwis€ incompatible systems

bmpliance with this document may involve the.use of a patent. IEC takes no p
rning the evidence, validity, and scope of this.patent right.

blder of this patent right has assured IEC;that s/he is willing to negotiate licences
hable and non-discriminatory terms and\conditions with applicants throughout the
respect, the statement of the holder. of this patent right is registered with IEC. Inforn
e obtained from the patent database’ available at patents.iec.ch.

on is drawn to the possibility*that some of the elements of this document may
t of patent rights other.than those in the patent database. IEC shall not bg
nsible for identifying any or all such patent rights.

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

nsors,
dards
could

ternational Electrotechnical Commission (IEC) draws attention to the fact that it is clfimed

sition

under
world.
hation

be the
held
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1 S

1.1

The d
an au

This protocol provides communication opportunities to all participating data-link entities:

e in
e in

Thus,

1.2

This part of IEC 61158 provides specifies

° pr

en

e procedures for giving communications opportunities to all participating DL-entities (L
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Type 24 elements

cope

General

hta-link layer provides basic time-critical messaging communications between devic
omation environment.

an acyclic manner, as requested by each of those data-link-entities.

Specifications

pbcedures for the timely transfer of data and control information from one data-lin

A synchronously-starting cyclic manner, according to a pre-established schedule, ¢r

es in

this protocol can be characterized as one which provides cyclic and acyclic gdccess
asynchronously but with a synchronous restart of each cycle.

user

ity to a peer user entity, and among@ithe data-link entities forming the distributed datalink
sefvice provider;

DLES),

sepuentially and in a cyclic.imanner for deterministic and synchronized transfer at|cyclic
intervals up to 64 ms;

e procedures for giving, ‘communication opportunities available for time-critical| data
trgnsmission together'with non-time-critical data transmission without prejudice to thq time-
critical data transmjssion;

e procedures forgiving cyclic and acyclic communication opportunities for time-criticgdl data
trgnsmission‘with prioritized access;

e pr dium
acgess-control, with provisions for nodes to be added or removed during normal operation;

e th

bcedures for giving communication opportunities based on ISO/IEC/IEEE 8802-3 m[

ation

by the protocol of this document, and their representation as physical interface data units.

1.3

Procedures

The procedures are defined in terms of

e th

e interactions between peer DL-entities through the exchange of fieldbus DLPDUs;

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

th

rough the exchange of DLS primitives;

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

th

rough the exchange of Ph-service primitives.
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1.4 Applicability

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

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

1.5 Conformance

This cliocument also specifies conformance requirements for systems implementing,|these
proce@lures. This document does not contain tests to demonstrate compliance~with| such
requirements.

2 Nprmative references

The fgllowing documents are referred to in the text in such a way that seme or all of their cpntent
constifutes requirements of this document. For dated references, only the edition cited applies.
For L£ndated references, the latest edition of the refereneced’ document (including any
amendments) applies.

NOTE |All parts of the IEC 61158 series, as well as the |IEC 61784-1 series and the IEC 61784-2 seljies are
maintaiped simultaneously. Cross-references to these documents,within the text therefore refer to the editions as
dated in this list of normative references.

IEC 61158-2:2023, Industrial communication networks — Fieldbus specifications — Hart 2:
Physical layer specification and service definition

IEC 6[1158-3-24:2023, Industrial communication networks — Fieldbus specificatigns -
Part 3+24: Data-link layer service definition — Type 24 elements

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

ISO/IBEC 7498-3, Information technology — Open Systems Interconnection — Basic Refgrence
Model: Naming and addressing

ISO/IBC/IEEE 8802-3:2021, Information technology — Telecommunications and exchange
betwelen information technology systems — Requirements for local and metropolitan area
netwoyks —Rart 3: Standard for Ethernet

ISO/IRC-9899, Information technology — Programming languages — C

ISO/IEC 10731, Information technology — Open Systems Interconnection — Basic Reference
Model — Conventions for the definition of OSI services

ISO/IEC 13239:2002, Information technology — Telecommunications and information exchange
between systems — High-level data link control (HDLC) procedures

ISO/IEC 19501:2005, Information technology — Open Distributed Processing — Unified
Modelling Language (UML) Version 1.4.2
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3 Terms, definitions, symbols, abbreviated terms and conventions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1 |Reference model terms and definitions
This document is based in part on the concepts developed in ISO/IEC498-1 and
ISO/IEC 7498-3, and makes use of the following terms defined therein.
3.1.1 acknowledgement [ISQ/IEC 74981]
3.1.2 correspondent (N)-entities [ISO/IEC 7498-1]
correspondent DL-entities (N=2)
correspondent Ph-entities (N=1)
3.1.3 DL-address [ISO/IEC 74983]
3.1.4 DL-protocol [ISO/IEC 749811]
3.1.5 DL-protocol-data-unit [ISO/IEC 74981]
3.1.6 DL-service-data-unit [ISO/IEC 74981]
3.1.7 DLS-user [ISO/IEC 749841]
3.1.8 DLS-user-data [ISO/IEC 749841]
3.1.9 Event [ISO/IEC 19501]
3.1.1)0 layer-management [ISO/IEC 74981]
3.1.11 primitive-name [ISO/IEC 74981]
3.1.12 Reset [ISO/IEC 74981]
3.1.1]3 Segmenting [ISO/IEC 74981]
3.1.14 State [ISO/IEC 19501]
3.1.15 state machine [ISO/IEC 19501]
3.1.16 systems-management [ISO/IEC 7498-1]
3.1.17 Transition [ISO/IEC 19501]
3.1.18 (N)-entity [ISO/IEC 7498-1]
DL-entity (N=2)
Ph-entity (N=1)
3.1.19 (N)-layer [ISO/IEC 7498-1]

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

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

Ph-service (N=1)

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

Ph-service-access-point (N=1)

3.2 Service convention terms and definitions

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

3.2.1 confirm (primitive)
3.2.2 DL-service-primitive
3.2.3 DL-service-provider
3.2, DL-service-user
3.2.j indication (primitive)
3.2.6 request (primitive)
3.2.7 requestor

3.2.8 response (primitive)

3.3 Common terms and definitions

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

3.3.1
acyclic transmission
non-pgeriodic exchange’ of telegrams

3.3.2
C1 master
one of thelnetwork device types that initiates and controls cyclic transmission

3.3.3

C1 message

message communication that C1 master operates as initiator to exchange messages with slave
or C2 master

3.3.4

C2 master

one of the network device types that has the function of monitoring all process data transmitted
through the network and can initiate message communication

3.3.5

C2 message

message communication that C2 master operates as initiator to exchange messages with the
slave or the C1 master
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3.3.6
cyclic transmission
periodic exchange of telegrams

3.3.7
data
generic term used to refer to any information carried over a fieldbus

3.3.8
device
physical entity connected to the fieldbus composed of at least one communication element (the

networketerment)yanmd-whichtas a controtetementandforafimatetement{transducer,acjuator,

etc.)

3.3.9
event{driven mode
transmission mode for the application layer protocol of the communication Type 24 in which a
transdction of command-response-exchanging arises as user’s demands

3.3.10
frame
synonym for DLPDU

3.3.11
initiator
netwofk device that initiates the exchange of process‘data or message

3.3.1

interface
shared boundary between two functionallunits, defined by functional characteristics, [signal
charagteristics, or other characteristics as’appropriate

3.3.13
input|data
proces$s data sent by the slave and received by the C1 master

3.3.1
message
ordergd series of ottets intended to convey information

Note 1 fo entry:  \Normally used to convey information between peers at the application layer.

3.3.18
monifor.slave
slave that has the function of monitoring all process data transmitted through the network

3.3.16

network

set of nodes connected by some type of communication medium, including any intervening
repeaters, bridges, routers and lower-layer gateways

3.3.17
node
<protocol> single DL-entity as it appears on one local link

3.3.18
node
<networking> end-point of a link in a network or a point at which two or more links meet


https://iecnorm.com/api/?name=f01612fa6c24be2ea7d89433153880cb

IEC 61158-4-24:2023 © |IEC 2023 - 15—

3.3.19
output data
process data sent by the C1 master and received by the slaves

3.3.20

protocol

convention about the data formats, time sequences, and error correction in the data exchange
of communication systems

3.3.21
real-time communication
transferofdatamreat=tmme
3.3.22

receiying DLS-user
DL-sefvice user that acts as a recipient of DL-user-data

Note 1 fo entry: A DL-service user can be concurrently both a sending and receiving DLS-user.

3.3.23
responder
network device that responds process data or message after it¢has been initiated by initiptor

3.3.24
send data with acknowledge
data tfansfer service with acknowledge of reception from corresponding DLE

3.3.25
send data without acknowledge
data tfansfer service without acknowledge ©f reception from corresponding DLE

3.3.26
slave
one of the network device type that'accesses the medium only after it has been initiated [by C1
maser or C2 master

3.3.27
sending DLS-user
DL-sefvice user that acts as a source of DL-user-data

3.3.28
station
node

3.3.29

topology

physical network architecture with respect to the connection between the network devices of
the communication system

3.3.30
transmission cycle
fixed time period of cyclic transmission

3.3.31
time slot
time period reserved so that initiator and responder can exchange one frame respectively
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3.4 Symbols and abbreviations

DA Destination address

DL- Data-link layer (as a prefix)

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

DLM DL-management

DLME DL-management entity (the local active instance of DL-management)
DLMS DL-management service

DLPDp Bt-protocot-data~tnit

DLS DL-service

DLSAP DL-service-access-point

DLSDU DL-service-data-unit

FIFO First-in first-out (queuing method)

ID Identifier

OSI Open systems interconnection

PDU Protocol data unit

Ph- Physical layer (as a prefix)

PhE Ph-entity (the local active instance of the physical layer)
PhL Ph-layer

PHY Physical layer device (specified innt SO/IEC/IEEE 8802-3)
QoS Quality of service

RT Real-time

SAP Service access point

SDU Service data unit

3.5 |Additional Type 24 symbols and abbreviations

ACK Acknowledge

C1M3YG C1 message

C2M3YG C2message

/O Input and/or output

MSG Message

Rx Receive

SDA Send data with acknowledge

SDN Send data without acknowledge

SM State machine

Tcycle Transmission cycle

Tslot Time slot

Tx Transmit

3.6 Common conventions

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

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

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

e the request primitive’s input parameters;

e th¢ndication primitive’ s output parameters,
o the response primitive’s input parameters;

e the confirm primitive’'s output parameters.

NOTE |The request, indication, response and confirm primitives are also known pas"” requestorjsubmit,
acceptqr.deliver, acceptor.submit, and requestor.deliver primitives, respectively (see ISO/AEE"10731).

One plarameter (or part of it) is listed in each row of each table. Under'the appropriate sgrvice
primitive columns, a code is used to specify the type of usage of theparameter on the primitive
and p@arameter direction specified in the column:

M parameter is mandatory for the primitive.

U parameter is a User option, and can be provided or not depending on the dyjnamic
usage of the DLS-user. When not provided) ‘a default value for the parameter is
assumed.

C parameter is conditional upon othetr parameters or upon the environment |of the
DLS-user.

(blank) parameter is never present.

Some|entries are further qualified by .items in brackets. These may be a parameter-specific
constrfaint:

(= parameter is semantically equivalent to the parameter in the service primitive to
its immediate left in the table.

In any particular interface; not all parameters need to be explicitly stated. Some mjay be
implic|tly associated with) the primitive.

In the diagrams which illustrate these interfaces, dashed lines indicate cause-and-effect of time-
sequelnce relatienships, and wavy lines indicate that events are roughly contemporaneodys.

3.7 |Additional Type 24 conventions

3.71 Primitive conventions

The following notation, a shortened form of the primitive classes defined in 3.2, is used in the
figures.

req request primitive
ind indication primitive
cnf confirm primitive (confirmation)

3.7.2 State machine conventions

The protocol sequences are described by means of state machines.

In state diagrams, states are represented as boxes and state transitions are shown as arrows.
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Names of states and transitions of the state diagram correspond to the names in the state table.
The textual listing of the state transitions is structured as shown in Table 1.

Table 1 — State transition descriptions

No. Current Event Next
state Icondition state
=>action

The d ESCITPUON O state IMdcrhine elelmernts dre SNOwIl I Iable Z£.

Table 2 — Description of state machine elements

Desgription Meaning
el¢ment
No Number of the transition.
Current state, Names of the originating state and the target state of transition,

Next dtate

Event Name or description of the trigger event that fires the tragsition.
/ condjitions Boolean expression, which shall be true for the transition to be fired.
=>action List of assignments and service or function invocations. The action should be atomic. The¢

preceding "=>" is not part of the action.

NOTE| "/ conditions" can be omitted.

The cpnventions used in the state machines are shown in Table 3.

Table 3 — Conventions used in state machines

Conpyention Meaning

H-*1/ Arithmetic operatofrs

= Value of an-itém on the left is replaced by value of an item on the right. If an item on the fright
is a parameter, it comes from the primitive shown as an input event.

= A logical condition to indicate an item on the left is equal to the item on the right.

< Allogical condition to indicate an item on the left is less than the item on the right.

> A logical condition to indicate an item on the left is greater than the item on the right.

<= A logical condition to indicate an item on the left is less than or equal to the item on the r'ght.

>= A logical condition to indicate an item on the left is greater than or equal to the item on trle
right.

<> A logical condition to indicate an item on the left is not equal to the item on the right.

&& Logical "AND"

Il Logical "OR"

4 Overview of DL-protocol

4.1 Characteristic feature of the DL-protocol

Table 4 shows the characteristic features of the DL protocol of Type 24.
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Table 4 — Characteristic features of the fieldbus data-link protocol

Profiles Description

Stat_ion type and max. -C1 master (active station with bus access control, 1 station (mandatory))

stations -C2 master (active station with restricted bus access control, (optional))
-Slave (passive stations without bus access control, max.127)

Station addressing 1 to 255 (255 = global address for broad-cast messages), 8 bit-width address
extension for integrated device

Transmission cycle 15,625 ps to 64 ms

DLSDU size 0 octets to 64 octets

Transmission characteristic | -Cyclic data exchange and cyclic event, synchronized with accurate cycle tirhe
(jitter below 1 ps)

-Max 62 times (n times/1 station) retry within cycle time

-Acyclic message transmission

There|are three types of stations, the C1 master, the C2 master and the.slave. Data exchange
is exefcuted between one master station (C1 master or C2 master)iand N slave stationg. This
protodol supports 2 communication modes, cyclic transmission and, acyclic transmission|

In the| cyclic transmission mode, transmission is executed «€yclically with an accurate geriod.
The tjansmission cycle is set by the C1 master to a value within a range of 15,625rjus] to
e

64 [m$]. Since the set value of the transmission cycle.is_specific to the transmission line| all of
the cgnnected slaves shall support that value. It is.nét permitted to set different transniission
cycle palues for the slaves connected in the samg network.

The tfansmission cycle has the I/O data exechange band to transmit process data and the
message communication band to transmittmessage. The protocol machine in the C1 master
contrdls transmission sequence in the ¢yclic transmission mode. The time period for a master
statiof to exchange with one slave ‘station is called time slot. There are two tyges of
commjunication sequence using time-slot, one is "fixed-width time slot type" whose tinle slot
width |s the same for all stations;-and the other is "configurable time slot type" whose time slot
can b¢ defined for each station.;As another communication sequence, "no time slot type",|jwhich
does pot use time slot, is provided. All stations shall use the same-data-length frame|when
fixed-yidth time slot type. Fhe width of the time slot is static in both types, and the value|is set
by thg DL-management during initialization. Once the cyclic communication starts, it shpll not
be changed.

The Apyclic transmission mode is used by the DLS-user that operates in the event driven mode.
In thi: acyclic” transmission mode, transmissions are executed sporadically. The [same

transmission® sequence and message communication can be executed in the gcyclic
transmissjon, as in the cyclic transmission mode without fixing the transmission cycle.

4.2 DL layer component

The DL layer is composed of three sublayers, the CTC (Cyclic transmission control), the SRC
(Send Receive Control) and the DLM (Data-link management). The SRC is positioned at lower
layer of the CTC and the DLM covers both the CTC sublayer and the SRC sublayer. The data-
link layer component is show in Figure 1.
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DLS-user DLMS-user

A A
\ Y

Cyclic transmission control
(CTC)

Cyclic transmission
protocol machine

(C1 Master, C2 Master, Slave) Acyclic

transmission
protocol machine

A
A

Message segmentation
protocol machine

DL-
management

\ (DLM)
Send receive control
(SRO) Serializer Deserializer Repeater machine <>

A

\

Ph-layer

IEC
Figure 1 — Data-link layer componént

4.2.1 Cyclic transmission control (CTC)

This {s a sublayer that builds the DLPDU and.executes a protocol machine. It has 2
commrnication modes, i.e. cyclic transmission mode*and acyclic transmission mode. The CTC
execufes either of them according to a request from the DLMS user.

4.2.2 Send receive control (SRC)

The §RC sends or receives frames by request of the CTC sublayer. It is serialized pr de-
serialized according to corresponding’PHY. When the SRC implements two or more PHY port,
the SRC provides frame repeat funetion between the implemented PHY ports.

4.2.3 DL-management

This ip a sublayer thdt }configures the DLE operation by setting the internal variablgs and
manages errors detected by each sublayer.

4.3 |[Timing/séquence

4.3.1 Overview

Therelare—two 1‘ypnc of transmission mnr{n, the r\\]/r\llr\ transmission mode and the fcychc

transmission mode. The communication sequence has three types. "Fixed-width time slot type"
is described in 4.3.2.1, "configurable time slot type" is described in 4.3.2.2, and "no time slot
type" is described in 4.3.2.4.

The width of the time slot is static for both types, and the value is set by the DL-management
during initialization. Once cyclic communication starts, it shall not be changed.

4.3.2 Cyclic transmission mode
4.3.2.1 Fixed-width time slot type
4.3.2.11 Overview

Figure 2 shows the transmission sequence of fixed-width time slot type. In this type, all time
slots are same period.
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Transmission cycle (Tcylce)
Time slot Time slot Time slot Time slot Time slot
X
MSGc2 MSGc 1
Master 4 ouT ouT ouT OUT OUT -
SYN #1 #2 #n #1 #m SYNG
IN IN IN INr INr
#1 #2 #n #1 #m
Slave
MSGc2 MSGet
#n #n
Band @yn(;hrorhgz message /0 data exchange \( I/0 data exchange retry \6 message
N_zation N AL % A

SYNC: Synchronous frame

OUT #n: Output data to slave #n

IN #n: Input data from slave #n

OUTr #m: Output data retry to slave #m

INr #m: Input data retry from slave #m

MSGec1 #n: C1 message to slave #n

MSGc2 #n: C2 message to slave #n IEC

Figure 2 — Timing chart of fixed-width time slot{type cyclic communication

4.3.2.1.2 Detailed description of communication band
4.3.2.1.21 Synchronization
This ig the band through which the C1 master broadcasts a synchronous frame to the slaye and
the C2 master. One time slot shall be allog¢ated to this band. Within this band, only the trapsition
of thel synchronous frame from the €1 master is allowed; the slave and the C2 mastpr are
prohilited from transmitting any frame.
4.3.2.1.2.2 C2 message
This i$ an optional bandfer'a message transmission (C2 message transmission) where the C2
mastefr is the client (primary station) and the C1 master or slave is the server (secondary s{ation).
One fime slot is allecated to this band, and request and response is transmitted [once,
respectively.
4.3.2.1.2.3 I1/0 data exchange

This i

5the band in which the C1 master exchanges the 1/0 data with all the slaves th

t are

connected to the nefwork. The time sIots of the number of slaves shall be allocated to this band.
The C1 master and one slave shall execute the 1/O data exchange once within one time slot.

The I/O data exchange retry band is optional. When the 1/O data exchange retry band is
configured in the transmission cycle, the C1 master shall create a retry list of the slave that

failed

the I/0 data exchange.

4.3.21.2.4 I/0 data exchange retry

The 1/O data exchange retry band is an optional band that the C1 master retries the 1/0 data
exchanges according to the retry list. The C1 master can re-execute the 1/O exchange with the
retry target slave that has been registered into the retry list in the I/O data exchange band. In
this band, some time slots are allocated before cyclic transmission started.
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The C1 master can retry according to the registered order of the retry list for up to the number
of the allocated time slots. The DLE shall quit retry when it uses all allocated time slots even if
a slave that is waiting for retry is registered in the retry list.

4.3.21.2.5 C1 message

This is an optional band for a message transmission (C1 message transmission) where the C1
master is the client (initiator) and the C2 master or the slave is the server (responder). One
time slot is configured in this band. This band is configured to be shared with the 1/0 data
exchange retry band. When this band is shared and used for the I/O data exchange retry, the
C1 message transmission shall be postponed to the C1 message band of the next transmission
cycle.

4.3.2.1.3 Estimation of cycle time

The transmission cycle of the fixed-width slot type T is calculated as the sum pf the

bandwidths described in the following formula.

ycle

Tcycle:Tsync+TCstg+7—'io+Tretry+TC1msg (1 )

where
T

sync

is the Sync band;

Tcomsy  is the C2 message band;

Tio is the 1/0 data exchange band,
T,

retry is the 1/0 data exchange retry band

Tcimsy is the C1 message band.

The wlidth of each band shall be allotated with an integral multiple of time slots. The fqrmula
showr above can be transformed_by indicating the time slot with T, the number of|slave

stations connected to the network’with N, and the number of retry with N,.

Tcycle= sIot+TsIot+Nx Tslot+er Tslot+TsIot=

(N+Nr+3)szlot (2)

The I/D datasexchange retry band and the C1 message band are configured to be shared.|When
they Te shared, the formula becomes:

Tcyclc:(N+Nr+2)XTslot (3)

And, the I/O data exchange retry band, the C1 message band and the C2 message band are
optional. When the configuration doesn’t assign all of them, the transmission cycle is minimum
and is calculated as shown in the following formula:

Tcyclez(N+1)szlot (4)

Time slot T ,; can be calculated as shown in the following formula:
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TslotzmaX(Ttr_c(n)"'ley(n)+Tgap+Ttr_r(n)"'TdIy(n)"'Tgap):

5
2xmax(Ty o(N)+Tygy (M) +Tgap) ©

where
Ty (n) is the output (command) transmission time from C1 master to the slave #n;

Ty (1) is the input (response) transmission time from slave #r to C1 master, it is equal to
Ttr_c(”) in case of the fixed-width time slot type;

Tgap is The gap between the frames;
Tyry(n is the frame transmission delay time between C1 master and slave #n.

4.3.2.p Configurable time slot type
4.3.2.21 Overview

Figurg 3 shows the transmission sequence of configurable time slot type: In this type, theg width
of time slots that are allocated to exchange the data one by one between the master apd the
slave |s different for each slave. The DLE manages the residual time of the transmission cycle
by usipng the width of the time slots configured for each slave by‘the DLMS user. Details of each
transmission band are described in the following subclauses.

Transmission cycles(Zcylce)

C2 message send start timdg
(T2 dly)

Time slot #1 Time slot #f

Master
s ouT ouT ouT ouTH ouT MSGe' # MSGo2 #
SYNC
#1 #2 #n #1 #m
IN IN IN INr INr 'Ack or Ack or|
#1 #2 #n #1 #m SGel #n SGc2 §

=

Slave
Band m/ 1/0 data exchange \/ /0 data exchange retry 6 message 62 messag
Noization A\ AN N

SYNC: Syncronous frame

OUT #n: Output data to slave #n

IN #n: Input data from slave #n

OUTr #m: Output data retry to slave #m

INr #m: Input data retry from slave #m

MSGc1 #n: C1 message to slave #n

MSGc2 #n: C2 message to slave #n IEC

Figure 3 — Timing chart of configurable time slot type cyclic communication

4.3.2.2.2 Detailed description of communication phase

4.3.2.2.21 Synchronization

See 4.3.2.1.2.1.
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4.3.2.2.2.2 10 data exchange

This is the band where the C1 master executes the 1/0 data exchange with all slaves connected
to the network. The width of this band shall be set in the C1 master before starting cyclic
transmission. The C1 master and one slave execute a I/O data exchange which consists of a
pair of input and output for each other in each time slot.

When the 1/0 data exchange retry band which is optional is configured in the transmission cycle,
the C1 master shall register the slaves that have failed the 1/0O data exchange within this band
into the retry list as re-transmission targets within the succeeding the 1/0 data exchange retry
band.

4.3.2.2.2.3 10 data exchange retry

This bland is basically the same as the case of fixed-width time slot (see 4.3.2.1.2.4).Sub¢lause
4.3.2.2.2.3 describes the differences.

The wjidth of this band shall be set in the C1 master before starting the cy€l¢ transmissiop. The
C1 master can execute the retry for the slaves registered in the retty list in the orfer of
registration, and when the retry succeeds, the C1 master clears"\the registration. Before
execuLing retry, the C1 master shall compare the time required *to complete the I/Q data
exchange with the slave and the residual time until the end gf‘this band (until C2 message
starts). If the residual time is longer than the required time; the C1 master shall execute the
retry. If the residual time is equal to or shorter than the required time, the C1 master shall end
this band.

When|the retry that is executed for a registered theslave does not complete successfully, the
C1 master shall clear the registration and then register the slave again at the end of the retry
list. The C1 master can repeat retry for the same slaves within the residual time of the|band.
When|the retries for all of the retry targets in>the retry list are executed once, the C1 raster
can execute the retry according to the registered order of the retry list again. The C1 master
shall ¢nd the band when all of the slaves: are cleared from the retry list.

4.3.2.2.2.4 C1 message

This i$ an optional band for a.message transmission (C1 message transmission) where the C1
master is the client (primary .station) and the C2 master or the slave is the server (secqndary
station). The residual timie*from the end of the I/O data exchange retry band to the start|of the
C2 megssage transmissjon is assigned to this band.

The Q1 master{can execute the C1 message transmission within the residual time. The C1
mastefr can répeat the C1 message transmission that consists of one pair of requegt and
respohse Mwithin this band. However, the C1 master shall not execute the C1 message
transmission if there is no residual time enough for one pair of transmission.

This band is configured to be shared with the I/O data exchange retry band. When this band is
shared and used for the 1/O data exchange retry, the C1 message transmission shall be
postponed to the C1 message band of the next transmission cycle.

4.3.2.2.2.5 C2 message

This is an optional band for a message transmission (C2 message transmission) where the C2
master is the client (primary station) and the C1 master or the slave is the server (secondary
station). The start time of this band shall be set both in the C1 master and the C2 master before
starting cyclic transmission.

The C2 master can execute the C2 message transmission within the allocated bandwidth. The
C2 master can repeat the C2 message transmission that consists of one pair of request and
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response within this band. However, the C2 master shall not execute the C2 message
transmission if there is no residual time enough for one pair of transmission.

This band is configured to be shared with the 1/0O data exchange retry band and the C1 message
band. When this band is shared and used for the I/O data exchange retry or the C1 message,
the C2 message shall be postponed to the C2 message band of the next transmission cycle.
When this band is shared and the C1 master has finished the 1/0O data exchange retry and the
C1 message before the start time of this band, the C1 master shall send a message token to
the C2 master. After the C2 master receives the message token, the C2 master can execute
the C2 message transmission immediately.

4.3.2.9°

In ordpr for all multiple slaves to synchronize with the C1 master, the C1 master shall imgasure
the transmission delay time of each slave during initialization. The measured delay timg shall

Based on the measured transmission delay time, the C1 master can calculate the response
monitgring time and the delay time of cyclic event for each slave to mateh cyclic event fiming
in the|system.

The cclic event delay time (7, in Figure 4) is delivered with(the synchronous frame|(SYN
framelin the Figure 4). The C1 master and each slave generate a cyclic event according|to the
cycliclevent delay time and the transmission delay time retained locally. As a result, cyclic|event
occurg at the same time throughout the system.

By prqcessing the output data and the input datasiniultaneously in all slaves at the cycle|event
timing|, the system can operate synchronously.

’ Transmission cycle (Toyge)
< TidIV ;I
Tsync . . ,
/‘:‘Time slot #IJA Time slot\#2 L Time slot #3 L Time slot #3 J
o ':‘ ':‘ ':‘ for retry "
Sllec c c lc!
|
C1 master ; 1 4D #3 I#sl |
: R : R : R : : R :
TI ) #y #| | #3/ | 1!
| (i
& : : : |
R | | |
Slave [#1 al I l
| | |
1 I I
C
& # : : : I
Lay(2) | | |
e I | /
Slave #2 : 5 I I :7 / (
| | |
5] | | I
C
T(2) ¥ | l : I
>N | : . _Tay(3) RLON
| i« i | == |
| | | ; |
Slave #3 | | #Rg i :;3:
L 1 1 H | 1
S | 1 1 [IPSI]
C 1 C
Ty(3) j : : # I 3] | \\
N | | | [

S c R
[ : Synchronous frame : Command to #n : Response from #n ; : Occurrence of cyclic event ]
N

Figure 4 — Schematic diagram of cyclic event occurrence

IEC
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The transmission cycle of the variable time slot type 7, is calculated as an aggregation of
the band described in 4.3.2.2.1, as shown in the following formula:

Tcycle=Tsync+Tio+Tretry+TC1msg+T02msg

is the Synchronization band;

is the 1/0 data exchange band;

(6)

T,

retry

T,

clms

T,

c2ms

The I/

is the 1/0 data exchange retry band;
is the C1 message band,;

is the C2 message band.

D data exchange retry band and the C1 message band are configuredsto be shared.

they dre shared, the formula becomes:

Tcycle=Tsync+Tio+maX(TretryaTC1msg)+TCstg

And,
optio
and is|

The c

. Sy

al. When the configuration doesn’t assign all.ef them, the transmission cycle is mir
calculated as shown in the following formula:

Tcycle =Tsync"' TI

hlculation method for the bands mentioned above is shown in the following.

nchronization band

The Sync band Ty istcalculated as follows: where T; ¢ is the transmission time

Sy

hchronous framey.and Tyap is the gap between the frames:

Tsync= Ttr_s +Tgap

e /@

When

(7)

he 1/0 data exchange retry band, the C1 message’ band and the C2 message banpd are

imum

(8)

pf the

(9)

data exchange band

The I/O data exchange band T, is calculated as follows: where N is the number of slaves,
Ty ¢(n)is the output (command) transmission time from the C1 master to the slave #n, T} ((n)
is the input (response) transmission time from the slave #n, Tyy(n)is the frame transmission

de

lay time between the C1 master and the slave #n, and Ty, is the inter-packet gap:

N
Tio= Z (Ttr_c(n)"'TdIy(n)"'Tgap+Ttr_r(n)+TdIy(n)+Tgap) =

n=1

M=z

(Ttr_c (n)+Ttr_r (m)+2x ley (n)) +2x Nx Tgap

>
I}
-

(10)
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The 1/0 data exchange retry band T, is calculated as follows: where N, is the maximum
number of the retry:

e C1 message band

The C1 message band Tyynsg is calculated as follows: where Ty oc(m4) is the rg
trgnsmission time from the primary station (C1 master) to the secondary station m,

th
is
is

the number of the C1 messages:

A

e (CZ4 message band

T
tr

is
is

the number of the C2 messages:

4.3.2.

Subcl
proce

station number of the slave or the C1 master that becomes the secondary station), T |

Nr
Tretry= z(Ttr_c(’”)"'ley(’”)+Tgap+nr_r(r)+ley(r)+Tgap)=

r=1
Ny

Z (Ttrfc(r) + Ttrﬁr(r) +2x ley(r)) +2 X Nr X Tgap

r=1

(11)

station number of slaves or the C2 master that becomes the secondary station), T
he response transmission time from the secondary station to the primary station, T
the transmission delay between the primary station and the secandary station, T4

Tclmsg:NclmsgX(Ttrfclc(ml)-i_ley (ml)+Tgap+Ttr7clr(m1)+ley (m1)+Tgap):
Nc1msgx(Ttr_c10(m1 )+Ttr_c1 r(mq )+2deIy(m1 )+2ngap)

e C2 message band Tneg is calculated as follows: where Ty oc(m) is the re
nsmission time from the primary station\(C2 master) to the secondary station m,(m,

he response transmission time from the secondary station to the primary station, 7
the transmission delay betwe€en) the primary station and the secondary station, N{

Tchsg =N02msg % (TtI‘_CZC (m2)+TdIy (mz)+Tgap+nr_02r(m2)+ley (m2)+Tgap)=
Nchsg x (Ttr_CZC (m2)+Ttr_02r(m2)+2x ley (mg)+2x Tgap)

B Timing relationship between cyclic transmission and data processing

huse-4.3.2.3 explains the timing relationship between the cyclic transmission and th

quest
(m1 iS
ar(m4)
:lly(m1)
1msg IS

(12)

quest
is the
or(m3)
dly(mZ)

Pmsg IS

(13)

e data

+ la + . L 1 1 i A4 4l 1 latals 4 ol L 4l : 4+ ol
STy Uy USITy TTygutTc J. T LyUIT 71, UIC SIavVoo 1atLll TTpgut artu TTTant uic mrput uat

to be

sent. The input data that each slave made is transmitted to the C1 master in cycle #2. Though
it is received by the C1 master, it is not processed by the C1 master at this time. The C1 master
starts to process it at the top of the cycle #3. Therefore, the delay from the timing of the slave's
latched input to the timing of the master processing it is two transmission cycles.

Similarly, the output data that the C1 master made at cycle #3 is transmitted to all the slaves,
slave by slave, in cycle #4. Though it is received by each slave in cycle #4, it is not processed
by the slave at this time. All the slaves start to process it all together at the top of cycle #5.
Therefore, the delay from the timing of the master's making the output data to the timing of the

slave

processing it is two transmission cycles, that is same as the input data.
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Processing input data

and making output data

C1-Master | | A
| VA | |
Cycle # #1 #2 #3
7 Tramsmission of
cyce output data
Network Q
|
Tramsmission of
|nput data
Slave#1 A \
Making ' Processmg output data
input data (and making input data)
Slave#2 | A
| |
Slave#n | ;

!

IEC

NOTE |Output data and input data are transmitted in every cycle, but thése drawings are omitted in this f
explain|easily. Data processing by C1 master and slaves in every cycle are also omitted.

4.3.2.4 No time slot type

4.3.2.4.1 Overview

Figurg 6 shows the transmission sequence of no time slot type. The C1 master of thig

Flgure 5 — Timing relationship between cyclicAransmission and data processin

sends| one frame of output data. After certain time from or at the same time with the tim
receivling of this output data, the C2"master and the slave respond with the input data to the C1
master. As the input data size différs according to slave, the time width for sending thg
data glso differs according to~slave. Details of the timing of receiving of output data apd the
timing| of responding of input data are as described in 4.3.2.4.3.

Transmission cycle (T¢yce) o
Master
ouT
IN IN IN
#1 #2 #n
Slave
\
Band ( [/0 data exchange D
OUT: Output data from C1 master
IN #n: Input data from C2 master or slave

IEC

gure to

9

type
ing of

input

Figure 6 — Timing chart of no time slot type cyclic communication (Master send

common address)
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Also, the basic transmission cycle of no time slot type can be set as the integer multiple of basic
transmission cycle for each slave (Tcyc). This is the communication with multiple transmission

cycles. For the communication with multiple transmission cycles, "individual transmission cycle
multiple (7. my)" and "individual transmission position number can be set for each

slave (see IEC 61158-3-24, 5.3.2.2.2, Table 14).

(ch_pos)"

Tec_mui indicates the transmission cycle in which the slave returns a response. Ti; ¢ indicates

the timing at which transmission cycle the slave returns a response. The C1 master shall send
the command frame with the Cycle Counter setting, which is to be incremented for each
transmission cycle. The slaves shall divide the Cycle Counter value with T | value set for
the sl ivisi ' ivisi i i shall
respond to the C1 master. Figure 7 shows the timing chart when the setting of all-§layes is
Tee mby = 1 and 7, = 0. All slaves can respond with the input data to every transnyission
cycle.

c_mu

c_pos

Te(Transpmission
cycle coufter) 0

C1 naster

[¢]
R|R|R
#1||#2 || #3

R

R
Sl

R
#3

R|| R
Sla ¢ #1 @’#_ZH#_:;‘
R||R
H MM
Transmission
Cycle #2

R|[R

#2|[#3
R|R
s

@#2
R{ R
H

I
&
3]

#3

Slaye #2 «Fé E #F; #R3 E “Ra
i
Slafe #3 E E E E E E E

Figure 7 — Timing chart for multiple transmission cycle setting

Figurg 8,shows the timing chart when individual transmission cycles are set for each slaye. As

Slave|#{ has the setting of 7, ) =1 and Ti.¢ o5 = O, it returns the response (R#1) [for all
transmission cycles. As Slave #2 has the setting of T, = 2 and Ti; o5 = 1, it returns the
response (R#2) once every two transmission cycles and at the second transmission cycle. As

Slave #3 has the setting of 7 1, =4 and T 0 = 2, it returns the response (R#3) once every
four transmission cycles and at the third transmission cycle.
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Figure 8 — Timing chart for multiple transmission cycle setting igure title
1.2 Detailed description of /0 data exechange band
1 master exchanges the I/O data with allthe C2 master and slaves that are conneqted to
twork. The C1 master should transmitithe output data and all slaves should respond with
but data.
1 master can send the output data by designating the C2 master or the slave [in the
5s field. The designated.\C2 master or the slave can respond with the inpuf data
ponding to the output data and other slaves whose address does not match can freturn
but data.
1.3 Estimation of cycle time
cle time ofyno time slot type is defined in the following formula:
Tcycle=Ti (14)

where

Ti, is the /O data exchange band.

Figure 9 shows the schematic diagram for estimating the cycle time for this type. In Figure 9,
the nodes for the C1 master, the C2 master, the number of slaves, and each connection node
are defined as follows:

where
N

#n

L

#l

is the total number of nodes for connecting the C1 master, the C2 master and slave;

is the node number assigned by the C1 master;
is the total number of C2 masters;
is the C2 master number;
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M is the total number of slaves;
#m is the slave number.

N:Total number of nodes
#n: Node number

g N
Node #1 '
C1 master
Node#2 Node #/+1 ___Node #n
C2 master C2 master | ____ C2 master Slave Slave | _____. Slgve
#1 #2 #l #1 #2
Y Y
L:Total number of C2masters M:Total number of slaves
#I: C2master number #m: Slave number

IEC
Figure 9 — Schematic diagram for connection

The fqrmula for the estimation of transmission cycles of this, typ€ is available for the following
two operations. One is when the response with the input data\is made after certain time interval
from the timing of receiving by multiple C2 masters and multiple slaves of the output data. The
other [is when the response with the input data is made at the same time as the timling of
receiving by multiple C2 masters and multiple slaves.

Figurg 10 shows the timing chart when each sfave responds with the input data after gertain
time ipterval from the timing of receiving of the output data.
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Figure 10 — Schematic diagram of INPUT data response timing at the same interyal
With Rigure 10 as the operating.€ondition, the Formula (15) is given as follows:
N N-L
Tcycle=2x z (Tpd (#n)+Trepx(n'1)) ‘Tpd (N)+nr_c+Tresw+Tc2_r(#l)+ Z (Ttr_r(#m)) (1 5)
n=4 m=1
where
Thy(#n) is the propagation delay time of the n-th node;
Trep is the output (command) or the input (response) repeating time in the slave;
Ty ¢ is the output (command) transmission time to send from the C1 master to all slaves;
Tresw is the response waiting time of the C2 master or the slave to the output (command)

from the C1 master;
Teo (#]) is the input (response) transmission time from the /-th C2 master to the C1 master;

Ty, (#m) is the input (response) transmission time from the m—th slave to the C1 master.

Next, Figure 11 shows the timing chart when each slave responds with the input data at the
same time as the timing of receiving of the output data.
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Higure 11 — Schematic diagram of INPUT data response timing at the same timg
With Rigure 11 as the operating candition, the Formula (16) is given as follows:
N N-L
Tcycle=2x Z (Tpd(#n)+Trepx(n'1)) 'Tpd (N)+ﬂr_c+TCZresw(#l)+TcZ_r(#l)+ Z (Ttr_r(#m)) (16)
n=1 m=1
where
Tpd(#r) is the propagation delay time of the n-th node;
Trep is the output (command) or the input (response) repeating time in the slave;
Ty is the output (command) transmission time to send from the C1 master to all
slaves;
Teoresw(#) is the response waiting time of the /-th C2 master to the output (command) from
the C1 master;
Teo ((#) is the input (response) transmission time from the /-th C2 master to the C1

master;

Ty ((#m) is the input (response) transmission time from the m—th slave to the C1 master.
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4.3.2.5 Timing relationship between cyclic transmission and data processing for no
time slot type

The timing relationship between cyclic transmission and data processing for no time slot type
is as described in 4.3.2.3. However, the C1 master of no time slot type consolidates the output
data as one block of data.

4.3.3 Acyclic transmission mode

The acyclic transmission can be used in a system that does not require real-time communication
or cyclical data exchange. In the acyclic transmission mode, it is possible to execute the same
transmission sequence as a _cyclic transmission_mode without fixing the transmission cycle.
Altholgh the C2 message communication is also possible, the DLS-user shall execufe the
arbitrgtion of the transmission timing. In the acyclic transmission mode, the data length-is fixed
at 64 octets.

Since|the acyclic transmission does not use the synchronous frame, slaves execute procéssing
of the|output data sent by the master and processing of the data to send,the input datg at its
own timing. The slaves do not operate simultaneously.

Master

CMD CMD CMD CMD MSG
#1 #2 #n—1 #n #n
RSP RSP RSP RSP ACKor
#1 #2 #n-1 #n MSG#n

Slave

oVl icati 61 message\
y€lic communications @munication

Communication
phases

7 )

CMD#n: Command (output) data to slave #n
RSP#n: Response (input) data from slave #n

MSG: C1 message communications IEC

Figure 12 — Timing chart example of acyclic communication

4.4 |Service-assumed from the PhL

4.4.1 General requirement

Therelare-tweo hj/pne of Ph-service which DLE rnqllirnc_ One is defined in lIEC 81158 ’), T pe 24
and the other is defined in ISO/IEC/IEEE 8802-3:2021, Clause 6.

Both types require the following interface elements:

e Transmit Machine,
e Receive Machine,
e Serializer,

e Deserializer.
4.4.2 DL_Symbols

The PhL Interface Data Units present at the DLL-PhL interface shall be the DL_symbols. The
DL_symbol shall have one of the following values:
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e ZERO corresponds to a binary "0";

e ONE corresponds to a binary "1".
4.4.3 Assumed primitives of the PhS

The PhS is assumed to provide the following two categories of primitives to the Type 24 DL-
protocol.
e Service primitives for transmitting and receiving frames to / from other peer DLEs.

e Service primitives that provide information needed by the local DLE to perform the media
access functions.

The agsumed primitives of the PhS are grouped into these two categories:

o Transfer of Data to the corresponding DLE
— | PLS_DATA request
— | PLS_DATA indication
¢ Indlication from the local PhL
— | PLS_CARRIER indication
— | PLS_SIGNAL indication
— | PLS_DATA_VALID indication

4.5 Local parameters, variables, counters, timers
4.5.1 Overview

This gpecification uses the DLS-user request parameters P(...) and local variables V(..|) as a
means$ of clarifying the effect of certain actions and the conditions under which those actions
are vglid, local timers T(...) as a means ofimonitoring actions of the distributed DLS-prpvider
and of ensuring a local DLE response tothé absence of those actions. It also uses local gueues
Q(...) |as a means of ordering certain-activities, of clarifying the effects of certain actiong, and
of clafifying the conditions under which those activities are valid.

Unless otherwise specified, at the moment of their creation or of DLE activation:

e alljvariables shall befinitialized to their default value, or to their minimum permitted vplue if
no| default is specified;

e allltimers shall be-initialized to inactive;

¢ alljqueuesshiall be initialized to empty.

DL-management can change the values of configuration variables.

4.5.2 Variables, parameters, counters and timers to support DLE function
4.5.2.1  V(MA), P(MA)

This variable is used by the CTC to record station address of this station. This variable shall be
implemented by all stations. Its range is 1 to 216 - 1. When the station adopts short format of
the DLPDU, the lower 8 bits of this variable is effective. When the station adopts short format
Il of the DLPDU, the lower 5 bits of this variable are effective.

4.5.2.2 V(Tcycle), P(Tcycle)

This variable is used by the CTC to record transmission period of cyclic communication. This
variable shall be implemented by all stations. The value of time depends on V(7). Its range

is 1 to 64 000.
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4.5.2.3 V(Nmax_slaves), P(Nmax_slaves)

This variable is used by the CTC to record the number of connectable slave stations. Its range
is 1 to 62.

4.5.2.4 V(Cyc_sel), P(Cyc_sel)

This variable is used by the DLM to record the selection of transmission mode, which is cyclic
or acyclic. The value is listed at Table 5.

Table 5 — List of the values of the variable Cyc_sel

Value Symbol Description
0 CMode_Cyclic Cyclic transmission mode
1 CMode_Acyclic Acyclic transmission mode

4.5.2.5 V(Nmax_dly_cnt), P(Nmax_dly_cnt)

This variable is used by the DLM to record maximum-measurement-count, which limits the
numbeér of delay measurement execution. This variable is implemented only by the C1 master
adopt$ configurable time slot. Its default value is 2. Its range is2to 31.

4.5.2.6  V(I0_sz), P(10_sz)

This vpriable is used by the CTC to hold and designaté .the data size of send and receive frame,
which|is transferred in the I/O data exchange bandts range is 0 to 64. When the CTC 4dopts
fixed-width time slot, its value shall be same for,all stations.

4.5.2.y V(Pkt_sz), P(Pkt_sz)

This viariable is used by message segmentation machine to record the message packet gize of
the cylic transmission. Its range is"4-to 500. When CTC adopts fixed-width time slot, its|value
shall e equal to V(10_sz).

4.5.2.8 V(Nmax_retry), P(Nmax_retry)

This Mariable is used._by)the CTC to record maximum-retry-count, which limits the numper of
retrieq in the 1/O datasexchange retry band. This variable is implemented only by the C1 master.
Its default value is:Q; meaning retry are not permitted. Its range is 0 to 62.

4.5.2.90  V{Tslot), P(Tslot)

This vjariable is used by the CTC to hold and designate the value of the timeout time for the I/O
data exctange toeachstation—T his varfabte stattbemptemented by the €t masterand the
C2 master. Its range is 0 to less than V(7e)- The time that a set value indicates depends on

V(T nit)- When the CTC adopts fixed-width time slot, its value shall be same for all stations.

4.5.2.10 V(Tunit), P(Tunit)

This variable is used by the CTC to record the unit of a set value of the variable concerning
time, when the CTC adopts configurable time slot. Table 6 shows its range. This variable shall
be implemented only by the CTC which adopts configurable time slot. The CTC which adopts
fixed-width time slot shall not this variable, and shall use 250 ns as time unit for all variables
concerning time. The CTC that adopts no time slot shall use 1 ns as time unit for all variables
concerning time.
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Table 6 — List of the values of the variable Tunit

Value Definition Tcycle
0 10 ns 31,25 ys to 500 us
1 100 ns More than 500 pys to 4 ms
2 1 us More than 4 ms to 64 ms

NOTE Value 0 is default.

4.5.2.11__ V(Tidly), P(Tidly)

This Variable is used by the CTC to record the timing of event, which is issued periodically to
synchfonize the DLS-user. This variable shall be implemented by all stations,cwhich [adopt
configlurable time slot. The value is delay time from the start of cyclic transmission:'Its range is
0 to Igss than V(T e). The time that a set value indicates depends on V(7 ).

4.5.2.12 V(Tc2_dly), P(Tc2_dly)

This vfariable is used by the CTC to record the timing to start the C2 message communigation.
This Yariable shall be implemented by the C1 master and,thée C2 master, which [adopt
configlurable time slot. The value is delay time from the end of\cyclic transmission. Its range is

0 to Igss than V(7 e). The time that a set value indicates depends on V(7 ;).

4.5.2.13 V(Tmsg), P(Tmsg)

This variable is used by the CTC to record the time period for message communicatior]. This
variable shall be implemented by the C1 masterand the C2 master. Its range is 0 to lesp than
V(T¢ydie)- The time that a set value indicates*depends on V(7 ,,;;). When the CTC adopts|fixed-

u
width time slot, its value shall be same for-all stations.

4.5.2.14 V(Twrpt)

This vriable is used by the SRC.té record the time period for transmission delay measurgment.
This variable shall be implemented by the C2 master and the slave. Its range is V(Tg ) |* 3 to

an 64 ms. The default value is 500 us. The time that a set value indicates depends on
V(Tynit)-

4.5.2.15 V(IO MAP), P(I0_MAP)

This Vfariablenis“used by the DLM and the CTC to record the information of the slaves apd the
C2 mgstenwhich to be connected in the network. See IEC 61158-3-24, 5.3.2.2.13 for the details.

4.5.2.T6 V(Sts_STI), P(Sts_STI)

This variable is used by the DLM to hold the connection status of the stations which to be
connected in the network. See IEC 61158-3-24, 5.3.3.2.2.1 for the details.

4.5.2.17 V(Sts_Err), P(Sts_Err)

This variable is used by the DLM to hold the error factor which occurred in the DLE.

4.5.2.18 V(Fc2msg)

This variable is used by the CTC to hold the presence of the C2 message communication band
in cyclic transmission mode. This variable shall be implemented by the C1 master and the C2
master. Its value is 0 or 1. The value shall be set to 1 when the C2 message communication
band is assigned, and set to 0 when it is not assigned.


https://iecnorm.com/api/?name=f01612fa6c24be2ea7d89433153880cb

4.5.2.

- 38 - IEC 61158-4-24:2023 © |IEC 2023

19 V(Nslave)

This variable is used by the CTC to hold and designate slave number, which is being processed
in the current time slot. This variable shall be implemented by the C1 master and the C2 master.
Its range is 0 to V(Nmax_slaves). The value is reset to zero at the start of each cycle of the
cyclic transmission. And it is incremented when the I/O data exchange to a slave is executed.

4.5.2.20 V(Nretry)

This variable is used by the CTC to hold and designate the element of retry list, which is being
processed in the current time slot. The value is reset to zero at the beginning of each

transmission cycle. And it is incremented when the I/O data exchange to a slave is fau

decre

4.5.2.

This variable is used by the CTC to hold and designate the number of rest time slot fo

within

by thg C1 master. The value is decremented in the range of V(Nmax_retry) to 0.

4.5.2,
This

measyrement. This variable shall be implemented by the Ctmaster, which adopt config
time glot. The value is reset to zero at the start of each cycle of cyclic transmission
incremented when delay measurement is executed. Its‘tange is 0 to V(Nmax_dly_cnt).

4.5.2.
This v

each

t, and

mented when the 1/O data exchange retry is executed.

P1  V(Nrest_slot)

the end of this cycle. Its range is 0 to V(Nmax_retry). This variable shall be implem

p2  V(Ndly_cnt)

ariable is used by the DLM to hold and designate.‘the count of executed

p3  V(PDUType)

bf them, it is not required to implemient this variable. The value is listed at Table 7.

Table 7 — List of-the values of the variable PDUType

[ retry
ented

delay
irable
, and

priable is used by the CTC and the DLMt0 hold and designate the selection of the DLPDU
type, from Basic format DLPDU. Short format DLPDU, or Short format II. When the DLE 4

dopts

Value Symbol Description

0 PDUBasic Basic format DLPDU

1 PDUShort Short format DLPDU

2 PDUShort Il Short format Il DLPDU

4.5.2
This v

P4 _V(SlotType)

ariable is used by the CTC and the DLM to hold and designate the selection of tin

e slot

type, which is fixed-width or configurable. When the DLE adopfs each of them, itis not required
to implement this variable. The value is listed at Table 8.

Table 8 — List of the values of the variable SlotType

Value Symbol Description
0 TSFixed Fixed-width time slot
1 TSConfig Configurable time slot

4.5.2.25 V(Nms_1), V(Nms_2)

This variable is used by the CTC to hold the number of segmentations to be sent in the message
communication using basic format of the DLPDU. The suffix"_1"and "_2" show the band of the
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message communication, and indicate the C1 message communication and the C2 message
communication respectively. This variable shall be implemented by all stations which execute
message communication. The value is reset to zero at the first segment of each message and
it is incremented by one every time CTC received acknowledge of one segment normally from
peer station. Its range is 0 to 127.

4.5.2.26 V(Nmr_1), V(Nmr_2)

This variable is used by the CTC to hold the number of segments to be received in message
communication using basic format of the DLPDU. The suffix"_1"and "_2" show the band of the
message commumcatlon and |nd|cate the C1 message communication and the 02 message

4.5.2.27 V(Fmp_1), V(Fmp_2)

This variable is used by the CTC to hold and designate the flag of the polling réquest in mejssage
commyunication using basic format of the DLPDU. The suffix"_1" and ", 2"yshow the band|of the
message communication, and indicate the C1 message communication and the C2 melssage
commjunication respectively. This variable shall be implemented bycall stations which execute
message communication. Its range is 0 or 1. The value 1 means the polling request jand 0
(defadlt) means the other.

4.5.2.p8 V(Fmf_1), V(Fmf_2)

This viariable is used by the CTC to hold and designateé the flag of the last segment in mejssage
commjunication using basic format of the DLPDW.Fhe suffix "_1" and "_2" show the band of
message communication, and indicate the C1 message communication and the C2 message
commjunication respectively. This variable shallt be implemented by all stations, which execute
the message communication. Its range is Oor 1. The value is reset to zero at the first segment
of eadh message, and set one when the [ast segment of the message is sent or received.

4.5.2.p9 V(Ten)

This Variable is used by the BLM to hold the timestamp of delay measurement end wheén the
DLE gdopts configurable time=slot. The DLE shall implement this variable only when th

adopt$ configurable time.slot.

@
O
-
m

4.5.2.30 V(Tdly)

This vjariable is-used by the DLM to hold the transmission delay measured in CompDly st{ate of
the DLM wheén-the DLE adopts configurable time slot. The DLE shall implement this vgriable
only when(the DLE adopts configurable time slot.

4.5.2.3T V{Tmax_dly)

This variable is used by the DLM to hold the transmission delay measured in CompDly state of
the DLM when the DLE adopts configurable time slot. The DLE shall implement this variable
only when the DLE adopts configurable time slot.

4.5.2.32 V(Tst)

This variable is used by the DLM to hold the timestamp of delay measurement start time when
the DLE adopts configurable time slot. The DLE shall implement this variable only when the
DLE adopts configurable time slot.
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4.5.2.33 T(Tcycle)

T(Tcycle) is used by the CTC to measure the cyclic transmission period. The value is
decremented in the range of V(7 e) to 0.

4.5.2.34 T(Tslot)

T(Tg0t) is used by the CTC to measure the time elapsed since last sending a frame. The value

is dec

remented in the range of V(Tslot) to 0.

4.5.2.35 T(Tmsg)

T(T,

ms
value

4.5.2.

(T,

wr(g

V(Twr|

4.5.2.
The q

;) is used by the CTC to measure the time period of message communication ban

is decremented in the range of V(7y,44) to 0.

86  T(Twrpt)

+) is used by the SRC to watch repeat function. The value is decremeénted in the ra
pt) to 0.

B7 Q(MSGc1s), Q(MSGc2s)

send message. The CTC enqueues the message to be seht, then MSM dequeues the me

to bui

4.5.2.
The q

receiv
CTC ¢

4.5.2.

V(Por
two pq
is set

5 D

5.1

d the DLPDU and send it.

B8 Q(MSGc1r), Q(MSGc2r)

ed message. MSM builds the message from the received DLPDU and enqueues i
equeues the message to transfer\itto the DLS-user.

39 V(Port0_UP), P(Port0.LUP)

0_UP) and P(Port0_UP) are used for no time slot type. This is the status to show tH
rts, Port0 and Port1, are either upstream or downstream. The port that receives th
as the upstream port. When the Port0 is upstream, the setting of Port0_UP is 1.

| PDU structure

Overview

5.1.1

. The

nge of

ueue buffer is implemented in message segmentation’ protocol machine to transfer the

ssage

ueue buffer is implemented in message' segmentation protocol machine to transfer the

, then

at the
e first

Transfer syntax for bit sequences

For transmission across Type 24 DL a bit sequence is reordered into a sequence of octets.
Hexadecimal notation is used for octets as specified in ISO/IEC 9899. Let b = b...b,_4 be a bit

sequence. Denote k as a non-negative integer such that 8(k — 1) < n < 8k. Then b is transferred
in k octets assembled as shown in Table 9. The bits b;, i > n of the highest numbered octet shall

be ign

ored.

Table 9 — Transfer syntax for bit sequences

Octet number 1 2 k

b,s..b

b

1568 b8k-‘1" 8k-8
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When the DLE implemented over the PHY defined in IEC 61158-2, Type 24, octet 1 is
transmitted first and octet k is transmitted last. Hence the bit sequence is transferred as follows
across the network:

bos by, -.., by, bg, ..., bys, ...

5.1.2 Data type encodings
Data of basic data type Unsignedn has values in the non-negative integers. The value range is
0, ..., 2"-1. The data is represented as bit sequences of length n. The bit sequence
b= bO ...bn_1
is ass|gned the value

Unsigned(b)=b,, 1x2""+...+b;x2" +byx2°

The b|t sequence starts on the left with the least significant octet,
For example, the value 266 = 0x10A with data type Unsigned16 is transferred in two gctets,
first OxOA and then 0x01.
Table 10 — Bit.order

Octeff number 1 2 3 4 5 6 7 8

Unsighed8 b,..b,

Unsighed16 b,..b, b,5--bg

Unsigfed32 b,..b, b,s--bg bsy-byg bay..byy

Unsigfed64 b,..b, b,s--bg D,3.-046 bay.-byy bag--bsy by7--bgo bss.-byg bgsl-bsg
The Unsignedn data types are transferred as specified in Table 10. Unsigned data tyges as
Unsighed1 to Unsigned# and Unsigned 9 to Unsigned15 will be used too. In this case the next
elemelnt will start at.the first free bit position as denoted in 5.1.1.
5.1.3 Frame format
There|are'three types of frame format for MECHATROLINK family. One is the basic format and
the regmaining two are the short format based on ISO/IEC 13239:2002 (HDLC) and the| short
format II.
5.2 Basic format DLPDU structure
5.2.1 General
5.211 Frame format

Figure 13 shows the structure of the basic frame format.
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Frame type

2023

Source
address

Destination Message
address control

DLS-user data | Padding FCS

Length |

Preamble | SFD

56bit 8bit 16bit 16bit 16bit 12bit  4bit (8 x n) bit (8 x m) bit 32bit

Figure 13 — Basic format DLPDU structure

5.2.1.2 Preamble

IEC

The preamble field is identical to ISO/IEC/IEEE 8802-3:2021, Clause 3. The preamble field is a
56-bit field that is used to allow the physical signaling part circuitry to reach its steady state

rocaidna-frama timina

synchrenization—with-thereeceivingframe-timing-

The p
"1010

5.2.1.
The s

reamble pattern is:
1010 10101010 10101010 10101010 10101010 10101010 10101010."

B Start frame delimiter (SFD)
art frame delimiter is identical to ISO/IEC/IEEE 8802-3:2021 (€lause 3. The SFD f

the s
indica

5.2.1.

The d

The h

used @s a station address (see Table 11).

For b
Table

es the start of a frame.

1 Destination address (DA)

bstination address shall contain the node address of the destination DLE.

gher 8 bits of a 16-bit address is used as, an extended address and the lower 8

12 and Table 13.

Table 11 _~Destination and source address format

ield is

quence of bit pattern "10101011". It immediately follows)the preamble patterh and

bits is

pth station addresses and extension address, the usable addresses are specified in

Octet number Size Contents
1 Unsigned8 Station address
2 Unsigned8 Extended address

Table 12 — Station address

Station address Contents
0x00 Reserved
0x01 C1 master
0x02 C2 master
0x03 to OXEF Slave, Gateway
0xFO to OxFE Reserved
OxFF Broadcast address
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Table 13 — Extended address

Extended address Contents

0x00 to OxFEh Device address for the node that has multiple device, or remote address for

gateway node

OxFF Broadcast address?

2  Only the synchronous frame can use broadcast address.

5.21.5 Source address (SA)

The s
and it

5.2.1.

purce address shall contain the node address of the source DLE. See 5.2.1.5 for_its
5 range.

3

J Message control

The npessage control field is used for sending data with acknowledge service. This f
ve only when the frame type which follows this field is a message/frame. This field shall

effect
be ze

This fi
(see T

o except when the frame type is a message frame followed by a message frame.

eld has two formats. One is Information transfer format and.the other is supervisory 1
able 14 and Table 15). Each field shall have the same funhction as the field with the

ormat

eld is

ormat
same

namefin ISO/IEC 13239:2002 (HDLC).
NOTE [In HDLC and this specification, the order of transmitting the bit is reverse.
Table 14 — Message control field format (Information transfer format)
Octet number Bit number Size Symbol Contents
1 bg to b, Unsigned7 N(R) Transmitting
receive sequefice
number
b, Unsigned1 P/F Poll bit — primary
transmissions
Final bit —
secondary
transmission
2 by, to by Unsigned7 N(S) Transmitting spnd
sequence numnber
bis Unsigned1 - Reserved (0)2

& TH

is bit shall be zero.
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Table 15 — Message control field format (Supervisory format)

Octet number Bit number Size Symbol Contents

1 bg-. to b, Unsigned7 N(R) Transmitting receive sequence number

b, Unsigned1 - Reserved (1)@

2 by, to by Unsigned4 - Reserved (0)°

b5 to by, Unsigned2 S Supervisory function bits

by Unsigned1 - Reserved (0)P

Unsianaedd n RIWZAY-]

15 9 MNCSTTVCEUTUT)

a TH

b Th

is bit shall be one.

is bit shall be zero.

Table 16 — The list of Supervisory function bits

Value Symbol Description Note
0 RR Receive ready (RR) command or RR
response
1 REJ Reject (REJ) command or REJ response
2 RNR Receive not ready (RNR) response
3 - Reserved
5.21.y Frame type and data length field

The friame type and data length field consist of a higher 4-bit area where the frame type|is set

and allower 12-bit area where the data-length is set (see Table 17).

The frlame type is used for identifying the contents of a frame and also for identifying the type

of the

protocol for message eommunication. Table 18 shows the definition of the framg

type.

The data length indicates the size of the data stored in a frame in terms of the number of gctets.

Table 17 — Frame type and data length format

Octet number Bit number Size Contents
1 by to b, Unsigned12 Data length (lower 8 bits)
2 Data length (higher 4 bits)
b5 tob,, Unsigned4 Frame type
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Table 18 — The list of Frame type

Value Symbol Description
0 - Reserved
1 FT_SYNC Synchronous Frame
2 FT_IO Output data and Input data frame
3 FT_DLST Delay measurement start frame
4 FT_DLMS Delay measurement frame
5 FT_MTKN Message token frame
[¢] F1_oSTo oldtus 1rafmne
7 FT_CINF Cyclic information frame

8 to 11 - Reserved
12 FT_MSG Message frame

3to15 - Reserved

5.2.1.

The d
one fr
frame

5.2.1.

The fr
from t

5.2.2

The C
can s
(OxFF

When
the tin

measyrement frame)\te the current time stored this frame.

Table

B DLS-user data field
hta format varies according to the frame type. When theapplication data cannot be

bme which type is the message frame, it is possible tolset and send the data in m
5 using the message control.

D Frame check sequence field (FCS)

ame check sequence (FCS) uses 32-bit CRC-CCITT. The FCS is calculated in the
he destination address to the end of the(data except the FCS itself.

Synchronous frame

1 master uses this frame to synchronize the slaves and the C2 master. Only the C1 n
bend this frame. The C1 master shall set the station address as the broadcast ag
, and the slaves and the'C2 master shall receive this frame.

the slaves and the-C2 master receive this frame, they shall refresh the local clog
ne calculated by.'adding the transmission delay measured in advance (notified with

19 and Table 20 show detailed the data format of this frame.

Table 19 — Data format of the Synchronous frame

set in
Lltiple

range

haster
dress

k with
delay

Octet number Size Contents
1to4 Unsigned32 Timestamp
5to 6 Unsigned16 Cyclic event delay time
7t08 Unsigned16 Reserved
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time

current time stored
in this frame to the
time when the cyclic

Field Contents Maximum and Recommended Note
minimum value value
Timestamp Time stamp of the 0to 232 -1 The unit is defined
C1 master at the according to the
frame is sent setting of the
variable V(T pit)-
Cyclic event delay Delay time from the | 0to 276 - 1 The unit is defined

according to the
setting of the

variable V(T pit)-

evelil IS Indicdted

5.2.3

The J1 master uses this frame for the output data to be sent to slaves, and slaves us
frame|for the input data to be sent to the C1 master, within the I/O data,éxchange band
cyclic|transmission mode. The C2 master can only receive this framerand shall not ser

frame

Either|of the destination address or the source address of this frame shall be C1 master be|
this frame is exchanged between the C1 master and the slaves. The data length shall

changed during normal operation.

Table|21 and Table 22 show the data format of this.frame.

Output data or Input data frame

Table 21 — Data format of the Output data or the Input data frame

Octet number Size Contents
1ton Unsigned8n Output data or Input data
(n+1) to (n+m) Unsigned8m Padding

Table 22 — The-field list of the Output data or the Input data frame

Field Contents Maximum and Recommended Note
minimum value value
Output data or Output data from C1 | 0 to maximum value -
Input ¢lata master to slave or that can be
input data from represented with the
slave to C1 master octet length of the
specified data
length
Padding Area adjusted to - 0
become multiple in
32 bits in data
length
5.24 Delay measurement start frame

The C1 master uses this frame to specify the targeted station of the delay measurement to
measure the transmission delay from the C1 master to each slave or C2 master. Only the C1
master transmits this frame. After the station receives this frame, the station returns the receipt
frame till the number of times that specified with this frame.

Table 23 and Table 24 show detailed the data format of this frame.

e this
of the
d this

cause
not be
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Table 23 — Data format of Delay measurement start frame

Octet number Size Contents
1to2 Unsigned16 Measurement number
3to4 Unsigned16 Reserved

Table 24 — The field list of Delay measurement start frame

transmission delay
measurement frame

Field Contents Maximum and Recommended Note
minimum value value
Measyrement Number of times for
number sending the

1to 32

5.2.5

The C
the C1
this fr|
frame
of the

The s
return

Table

Delay measurement frame

1 master uses this frame to measure the transmission delay and to notify the slavgs and
master of the result. Only the C1 master transmits this framme. The C1 master shall send

till the times specified with the delay measurement start.frame. The C1 master shall
result of the measurement by using this frame.

aves and the C2 master that received delay mé&asurement start frame shall receiy

ame to the station to which the delay measurement starf frame is sent, and ser|d this

notify

e and

25 and Table 26 show detailed the data format of this frame.

Table 25 — Data format of Delay measurement frame

this frame. They shall stop returning the receipt frame after receiving this frame {ill the
numbeér of times notified with the delay measurement start frame.

Octet number Size Contents
1to 4 Unsigned32 Timestamp
5t0 6 Unsigned16 Transmission delay
7to8 Unsigned16 Reserved

Table 26 — The field list of Delay measurement frame

Rield Contents

Maximum and
minimum value

Recommended Note

value

Transmission delay

Time from sending a
frame by C1 master
to reception of it by
slave or C2 master

0to2'6-1

The unit is defined
according to the

- setting of the time
unit. The default
unit is 10 ns.

5.2.6

Message token frame

The C1 master sends this frame to notify the C2 to permit for starting the C2 message
communication before the C2 message communicationstart time. The C1 master shall send this
frame only when the C1 master exchanges the command data/response data with all the slaves
and the C1 message communication ends before the C2 message communication start time.
However, the C1 master shall not send this frame when the time from the current time of the
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local clock to the start time of the C2 message communication is shorter than the transmission
delay between the C1 master and the C2 master.

The C2 master that receives this frame starts the C2 message communication unless the C2
message communication start time has come.

Only the C1 master can send this frame. The destination and the source addresses are fixed
because only the C2 master can receive this frame. This frame contains no data.

5.2.7 Status frame
The C[T master uses this frame 1o Inquire the status of the slaves and the CZ master. I'he dtation
that rgceived this frame from the C1 master shall send this frame to notify of the current-§tatus.
The s|laves and the C2 master shall return this frame also when receiving a cycleg,information
frame|contains their own address as the destination. The slave and the C2 master can [return
this frame to request the C1 master to execute the transmission delay measurément even when
they receive the other frame than the synchronous frame from the C1 mastep:
Broadast address or multicast address shall not be specified as the destination of this frame.
Table|27 to Table 30 show detailed the data format of this frame!
Table 27 — Data format of Status frame
Octet number Size Contents
1to2 Unsigned16 Status
3to4 Unsigned16 Repeater status
Table 28 — The“field list of Status frame
Field Contents Maximum and Recommended Note
minimum value value
Statug Current value of the Refreshed by slave or
DLE status (See Table 29) - C2 master
Repedter status | Currentvalue of (See Table 30) _ Refreshed by slavg or
repeater-status C2 master
Table 29 — The list of the DLE status
Status code Description
Ox0000 Statiomdoes ot exist
0x0002 Waiting for the parameters setting by the DLS-user
0x0021 Searching for a packet with the duplicate Node_ID
0x0024 Waiting for the delay measurement request by the DLS-user
0x0025 Waiting for delay measurement start indication from C1 master
0x0026 Measuring transmission delay
0x0027 Waiting for cyclic information frame from C1 master
0x0030 Waiting for communication start request by the DLS-user
0x0031 Operating in cyclic transmission mode
0x0060 Operating in acyclic transmission mode
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Table 30 — The list of Repeater status

Send status
bit Symbol Description Initial
by - Reserved 0
b, MII_RXTXE Send request detected while receiving data from PhL 0
b, MII_TXRXE Receive data from PhL detected while sending data to PhL 0
by MII_RXRXE Receive data from PhL detected while receiving data from PhL 0
b, t
b - Reserved 0
15
5.2.8 Cycle Information frame
The C[1 master uses this frame to notify the slave and the C2 master of the_transmission mode.

Only t

The C
The s
contai

Table

he C1 master can send this frame.

31 and Table 32 show detailed the data format.ef.this frame.

Table 31 — Data format of Delay measurement frame

1 master can broadcast this frame or send it to the slaves(on the C2 master indivriTTuaIIy.
aves and the C2 master shall return a status frame whep they receive this fra
ns their own address as the destination.

e that

Octet number Size Contents
1to2 Unsigned16, Transmission cycle
3to4 Unsigned16 C2 message delay
5to6 Unsigned16 Maximum delay
7 Unsigned8 Communication mode
8 Unsigned8 Time unit
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Table 32 — The field list of Cycle Information frame

Field Contents Maximum and minimum Note
value
Transmission cycle Transmission cycle of the | 3 125 to 64 000 @

cyclic transmission mode

C2 message delay Delay time from the 0 to 216-1
current time stored in the
synchronous frame to the
time of C2 message
communication start

Maximum delay Maximum value among 0 to 2161 a
the transmission delay
measured by the C1

master.
Comnfunication mode Selection of transmission 0: Cyclic
mode to be executed after | 1: Acyclic
initialization
Time ¢init Selection code of time 0: 10 ns b
unit 1: 100 ns

2:1 s

a8 The unit is defined by the value of the time unit field in this frame.

b When the transmission cycle Tcycle is 31,25 uys < T_MCYC <= 500 psy.$ef to 10 ns.
In [the case of 500 ys < T_MCYC <=4 ms, set to 100 ns.
Wihen 4 ms < T_MCYC <= 64 ms, set to 1 us.

5.2.9 Message frame

This flame is used for message transmission Allstations can send this frame. When the aLSDU
that regquested to send is beyond the size that can be contained within one frame, the DLSDU
shall e divided by using the message coritrol field in this frame.

Table|33 and Table 34 show detailed-the data format of this frame.

Table;33 — Data format of Message frame

Octet number Size Contents
1ton Unsigned8n Message data
(n+1) to (a+m) Unsigned8m Padding

Table 34 — The field list of Message frame

—Field contents Maximum and | Recommended | __ Note
minimum value value
Message data Arbitrary data 0 to maximum value
except output data that can be
or input data represented with the

octet length of the
specified data
length

Padding Area adjusted to
become multiple in
32 bits in data
length
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5.3
5.3.1

Short format DLPDU structure

General

5.3.1.1 Short frame format

The short format DLPDU is shown in Figure 14. Transmission sequence shall be from left to
right as shown in Figure 14, i.e. station address first, followed by control, DLS-user data and

finally CRC. See 5.2.1.7 for frame type and data length field.
Preamble Start flag Station Control DLS-user data CRC End flag
address
16 bit 8 bit 8 bit 8 bit (8 x n) bit 16 bit g bit

5.3.1.

The p

synch
The p
"1010

5.3.1.

The s
patter
frame

The
and s

5.3.1.
Table

Figure 14 — Short format DLPDU structure

p Preamble

ronization with the receiving frame timing.
eamble pattern is:
1010 10101010."

8 Start flag

Due t¢ bit-stuffing, this bit sequence“is prevented from occurring inside the DLSDU seqyence.
[1LE shall only accept a received signal burst as a DLPDU after verifying this seqrence

all remove this sequence before transferring the DLSDU sequence to the DLS-us

! Station address field

35 shows the.range of the station address field.

Table 35 — Range of Station address field

r.

IEC

reamble field is identical to ISO/IEC 13239:2002 (HDLC). The preamble field is a 16-bits

field fhat is used to allow the physical signaling part circuitry (to“reach its steady| state

tart flag is identical to ISO/IEC 132392002 (HDLC). This field is the sequence|of bit
n "01111110". It immediately follows:the preamble pattern and indicates the staft of a

Station Address Contents
0x01 C1 master
0x02 C2 master
0x03 to OXDE Slaves
0xDF Not connected (default)
O0xEO to OXFE Reserved
OxFF Broadcast address
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5.3.1.5 Control field (CTL)

The Control field is used to identify the frame type. This field has two formats. One is an I/O
data exchange format and the other is a Message format. Table 36 to Table 38 show detailed
this field.

Table 36 — Control field format (I/O data exchange format)

Octet number Bit number Size Symbol Contents
1 b,.. to b, Unsigned4 CMD Input data or Output
data flag;
1. Input data
(response)
3: Output(datal
(command)
8: Synchronous
franme
b,..to b, Unsigned4 - Reserved (0)?
a8 THis bit shall be zero.
Table 37 — Control field format (Messagé format)
Octet number Bit number Size Symbol Content;
1 bs.. to b, Unsigned4 S(n) Sequence nunpber
b, Unsigned? - Reserved (1)?
bs Unsigned1 c1/C2 Primary node {lag
be Wnsigned1 END End flag
b, Unsigned1 S/D Sync / data flag
a8 THhis bit shall be one.

Table 38 — The field list of Message format

Symbol Description
S(n) Transmitting send or receive sequence number.
C1/C2 0:C1 master

1: C2 master

END When S/D is O,
0: Data transfer from primary node to secondary node
1. Data transfer from secondary node to primary node
When S/D is 1,
0: Following data exists
1: This data is last data

S/D 0: Handshake frame
1: Data frame

5.3.1.6 DLS-user data field

The length of the DLS-user data field is from 8 octets to 64 octets.

5.3.1.7 CRC field
The CRC field uses a 16-bit CRC-CCITT. The CRC is calculated based on the following formula.
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P(x)=X"%+X"2+X5+1

5.3.1.8 End flag

The sequence of symbols in this field is identical to the start flag (see 5.3.1.3).

5.3.2

Synchronous frame

(17)

The C1 master uses this frame to synchronize the slaves and the C2 master. Only the C1 master

can s
(OxFF
they s
of the

Table

bnd this frame. The C1 master shall set the station address to the broadcastag
, and the slaves and the C2 master shall receive this frame. When they receive. this

hall check the CRC field contained in this frame, and then issue a cyclic eventif’the
check has no error.

39 and Table 40 show detailed the data format of this frame.

Table 39 — Data format of the Synchronous frame

dress
rame,
result

Octet number Size Contents

1to2 Unsigned16 Transmission cycle

3to4 Unsigned16 Time slot width

5to 16 or 31 - Reserved

Table 40 — The field list ofthe Synchronous frame

Field Contents Maximum and minimum Note
value

Trans

ission cycle Transmissionxcycle

16_ -
notified C2.master 0to 2'°-1 The unit is 0,25 ps

Time

lot width Time stot 0 to 216-1 The unit is 0,25 ps

5.3.3
5.3.3.
The

Output data-orlnput data frame
[ Output.data frame

1 master/uses this frame for the output data to be sent to slave within the 1/Q

data

exchahgeand of cyclic transmission mode. The C2 master can only receive this fram¢. The

length

Table

ofAhe output data shall be 16 or 31 octets.

41 and Table 42 show detailed the data format of this frame.

Table 41 — Data format of the Output data frame

Octet number Size Contents

11to 16 or 31 Unsigned8n Output data
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Field

Contents

Maximum and
minimum value

Recommended
value

Note

Output data

Output data from C1
master to slave

0 to Maximum value
according to the

data length

5.3.3.
Slave

band
input

Table

2 Input data frame
use this frame for the input data to be sent to C1 master within the 1/O data exchange
pf cyclic transmission mode. The C2 master can only receive this frame. The length|of the

jata shall be 16 or 31 octets.
43 and Table 44 show detailed the data format of this frame.

Table 43 — Data format of the Input data frame

Octet number Size Contents
1to 16 or 31 Unsigned8n Input data

Table 44 — The field list of the Input data frame

Field Contents Maximum and Recommended Note
minimum,value value
Input ¢lata Input data from 0 to Maximuam value
slave to C1 master according to the -
data Jength
5.3.4 Message frame

This flame is used for message transmission. All stations can send this frame. When the

d

LSDU
LSDU

that r¢gquested to send is beyond the size that can be contained within one frame, the
shall he divided by using.the message control field in this frame.

5.4 |Short format -DLPDU structure

5.4.1 General

5.41.1 Short frame fortmat Il

The short’format 1l DL PDU is shown in Figure 15, Transmission sequence shall be from

left to

right as shown in Figure 15, i.e. station address first, followed by Transmission cycle counter,
DLS-user data and finally CRC and DLS-user data can be omitted.

: Transmission
Preamble Start flag Station cycle DLS-user data CRC End flag
address counter
4 or 16 bit 8 bit 8 bit 8 bit (8 x n) bit 16 bit 8 bit ec
Figure 15 — Short format Il DLPDU structure
5.4.1.2 Preamble (PA)

The preamble field is identical to ISO/IEC 13239:2002 (HDLC). The preamble field is a 4-bits
or 16-bits field that is used to allow the physical signaling part circuitry to reach its steady state

synch

ronization with the receiving frame timing.
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The preamble pattern is:
"1010." or "10101010 10101010."

5.4.1.3 Start flag (SF)

The start flag is identical to ISO/IEC 13239:2002 (HDLC). This field is the sequence of bit
pattern "01111110". It immediately follows the preamble pattern and indicates the start of a
frame.

Due to bit-stuffing, this bit sequence is prevented from occurring inside the DLSDU sequence.
The DCE shall only accept a received signal burst as a DLPDU after veritying this sequence
and shall remove this sequence before transferring the DLSDU sequence to the DLS=us¢r.

5.4.1.4 Station address field (SA)

Statioh address field is as described below. Figure 16 shows the station address field for gcyclic
transmission mode. As the station address field for acyclic transmission mode uses Bit4-(Q, Bit6-
5 and [Bit7 are reserved. Figure 17 shows the station address field for cyclic transmission mode.
As thg station address field for cyclic transmission mode uses Bit4-0cand Bit7, Bit6-5 is regerved.
Bit7 ig the Bit to identify whether the slave responds with the input data corresponding |to the
outpu{ data or it returns the input data.

Bit 7 6 5 4 3 2 1 0

Reserved A4 A3 A2 Al A0

IEC

Figure 16 — Acyclic transmission frame address field

Bit 7 6 5 4 3 2 1 0

A7 Reserved | A4 A3 A2 A1 A0

IEC
Figure'47 — Cyclic transmission frame address
Table[45 shows the rangg of the station address field.

Table 45 — Range of Station address field

Station Address Contents
0x00 Common address
Ox04-te-Ox0F Reserved
Ox1F Broadcast address
0x10 to Ox1E C2 master, Slaves

5.41.5 Transmission cycle counter field (Tcc)

Transmission cycle counter (Tcc) field is used to indicate the timing of response by slaves.
Table 46 shows the cycle scale counter field format.
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Table 46 — Cycle scale counter field format

Octet number Bit number Size Symbol Contents

1 b7.. to by Unsigned8 CMD Counter value that changes

Table14) of each slave, the
slave makes a response.

every transmission cycle. When
this counter value matches the
value of Tcc_mul and Tcc_pos
(see IEC61158-3-24, 5.3.2.2.2,

5.4.1.

Octet

5.4.1.
The C

D DLS-user data field

number to indicate the DLS-user data field length is from 0 to 15.

y CRC field

P(x)=X"%+X"%+X%+1

RC field uses a 16-bit CRC-CCITT. The CRC is calculated based on the following fofmula.

(18)

5.4.1.8 End flag
The sequence of symbols in this field is identical to:the start flag (see 5.3.1.3).
5.41.9 Frame type (FT)
There|are three types of this frame type aecording to the command frame length. The [frame
length is determined by the number of bytes of SA, Tcc, DLS and CRC. Table 47 shows the list
of framme types.
Table 47 — The list of frame type
Value Symbol Command Description
0 FTNASYNC 19 bytes Asynchronous frame
1 FT_SYNC 4 bytes Synchronous frame
2 FT_IO 6 to 20 bytes Output data and Input data frame
Excluding 19 bytes.
3 to 15 - - Reserved
5.4.2 Asynchronous frame

Figure 18 shows the asynchronous frame DLPDU format.

Preamble Start flag Station DLS-user data CRC End flag
address
4 or 16 bit 8 bit 8 bit 128 bit 16 bit 8 bit

Figure 18 — Asynchronous frame

IEC
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5.4.3

Synchronous frame

57 —

Figure 19 shows the synchronous frame DLPDU format to be used by C1. Figure 20 shows the
synchronous frame DLPDU format to be used by C2 or slave.

; Transmission
Preamble Start flag Station cycle DLS-user data CRC End flag
address counter
4 or 16 bit 8 bit 8 bit 8 bit (8 x n) bit 16 bit 8 bit ec
Figure 19 — Synchronous frame (to be used by C1)
Preamble Start flag Station DLS-user data CRC BEnd flag
address
4 or 16 bit 8 bit 8 bit (8 x n) bit 16 bit 8ot .

5.4.4

5.4.4.1

Figure 20 — Synchronous frame (to be used by C2 or slave)

Output data frame

Output data or Input data frame

Table|48 and Table 49 show detailed data format of this frame.

The o¢tet number indicating the DLS-user data length ofithis output data frame is 0 to 15 when
sending individual address. When sending the commomaddress, the output data can be onitted.

Table 48 — Data format of‘the Output data frame

Octet number

Size

Contents

0 to15

Unsigned8;x n

Output data

Table 49 —The field list of the Output data frame

Field Contents Maximum and Recommended Note
minimum value value
Outptit data Output data from C1 master | 0 to Maximum
ta.C2 master and slave value according -
to the data length
5.4.4.2 Input data frame

Table 50and - Tabte 5 tshow detaitedthe data formatof thisframe:

The octet number indicating the input data length of the input data frame is 0 to 15.

Table 50 — Data format of the Input data frame

Octet number

Size

Contents

0to 15

Unsigned8 x n

Input data
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Table 51 — The field list of the Input data frame

Field Contents Maximum and Recommended Note
minimum value value
Input data Input data from C2 master 0 to Maximum
and slave to C1 master value according to | —
the data length

6 DLE element procedure

6.1 Overview
In follpwing subclause, the operation of CTC and SRC is described. Although DL-managgment
is a cgmponent of DLE, it is described in the next clause.
6.2 |Cyclic transmission control sublayer
6.2.1 General
CTC grovides the following with:
e Cgntrol of communication sequence and communication band (C1 master);
¢ Manitoring of all the I/O data exchanged between the C1 master and the slaves (C2 master);
e Sgnding response as a server (Slave);
e Mgssage communication in cyclic communication;
e Sporadic data exchange.
6.2.2 DLS-user interface
6.2.2.1 Primitive definitions
The pfimitives exchanged between-the DLS-user and CTC are shown below. Table 52 ghows
the prjmitives and parameters-issued by the DLS-user and Table 53 shows the primitivgs and
paranjeters issued by CTC.
Table 52 — Primitives and parameters for
the DLS-user interface issued by the DLS-user
Primitive Source Parameter Function
DL-WRITE-DATA.req DLS-user |SAP_ID, DLS-user-data Send data writing request
DL-READ:DATA.req DLS-user |SAP_ID Receive data reading requgst
oend data request with
DL-SDA.req DLS-user |SAP_ID, Node_ID, Length, DLS-user-data |[transmission confirmation
Send data request without
DL-SDN.req DLS-user |SAP_ID, Node_ID, Length, DLS-user-data |[transmission confirmation
DL_GET_STATUS.req | DLS-user |Sts_ID DL parameter referring request



https://iecnorm.com/api/?name=f01612fa6c24be2ea7d89433153880cb

IEC 61158-4-24:2023 © |IEC 2023 - 59 -

Table 53 — Primitives and parameters for
the DLS-user interface issued by the CTC

Primitive Source Parameter
DL-WRITE-DATA.cnf CTC Result
DL-READ-DATA.cnf CTC Result, DLS-user-data
DL-SDA.ind CTC Node_ID, Length, DLS-user-data
DL-SDA.cnf CTC Result
DL-SDN.ind CTC Node_ID, Length, DLS-user-data
DL-SOQN cnf CTIC Result
DL_GET_STATUS.cnf CTC Result, Cur_Status
DL_EYENT.ind CTC Event_ID

6.2.2.2 Overview of the interactions

See |EC 61158-3-24, 4.3.

6.2.2.8 Detailed definitions of the primitives and parameters

See IEC 61158-3-24, 4.4.

6.2.3 Protocol machines in CTC
6.2.3.1 Overview
There|are three protocol machines in CTC:

e Cyclic transmission protocol machine;
o Megssage segmentation protocol machine.

e Agyclic transmission protocol ‘machine.

The cyclic transmission protocol machine has three kinds of protocol machines correspgnding
to the|adopted frame format. These protocol machines are available as time slot type or np time
slot tyjpe. First, protocolmachines of time slot type are available in the following two paiterns.
One i$ "fixed-width time“/slot type" whose transmission sequence is composed of samefwidth
time s'uot, and the ather is "configurable time slot type" whose transmission sequence fof each
station is different'time slot. In addition, each of two protocol machines of "fixed-width tinje slot
type" gnd "fixedswidth time slot type" has three kinds of protocol machines corresponding|to the
statiof type<(the C1 master, the C2 master, and the slave).

Next, | protocol machines of no time slot type have three kinds of protocol maghines
corresponding to the station type (the C1 master, the C2 master, and the slave).

The cyclic communication protocol machine has two protocol machine, sender and receiver.

The message communication protocol machine works only while the cyclic transmission
protocol machine is active.
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6.2.3.2 Cyclic transmission protocol machine

6.2.3.2.1 Protocol machine for cyclic communication consists of fixed-width time
slot

6.2.3.2.1.1 C1 master

Figure 21 and Table 54 show the state diagram and the state table of the C1 master that adopts
fixed-width time slot.

B p— —
3

@ating Any state 55, 56
2
~
Y
Sync ) 4
5
Y
@&RCV 7, 8,1?, 10,
12,13 _
14

A

10_Snd 15
A
16 1182326 V'
A\
I0_Rcv 22
20
19,2427 71, 25,2829
\
10 RSnd 30
A
81| 133 37,40 32
Y
10 RRov 36
34 38, 41 35,30, 42, 43
\J
C1Msg_Snd 44
45 16 >

48, 49, 50,
51, 52

C1Msg_Rcv

47,53, 54 EC

Figure 21 — The state diagram of the C1 master for fixed-width time slot
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Table 54 — The state table of the C1 master for fixed-width time slot

No.

Current state

Event
Icondition
=>action

Next state

Any state

Power on or CTC_Reset.req

=> (none)

Activating

Activating

CTC_Start.req
=> START_TIMER(T(Tcycle), V(Tcycle))
CTC_Start.cnf { OK }

Sync

Activating

CTC_Start.req
=> CTC_Start.cnf { NG }

Activating

Sync

EXPIRED_TIMER ( T(Tcycle) ) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }

SRCSDU:= BUILD_PDU_SYNC()

Node_ID:= GET_DA(SRCSDU)

Length:= GET_LEN(SRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}
START_TIMER(T(Tslot), V(Tslot))

V(Nslave):= 1

V(Nretry):= 0

V(Nrest_slot):= V(Nmax_retry)

Sync

Sync

SRC_Send_Frame.cnf { Result §
/ V(Fc2msg) = "True"

=> (none)

C2Msg_RcV

Sync

SRC_Send_Frame.cnf{ Result }
/ V(Fc2msg) = "Ralse"

=> (none)

10_Snd

C2Msg_Rcv

SRC_RecwFrame.ind { Rcv_sts, Length, RcvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
="Ec2msgQ))

=> EXEC_MSPM_R(Ec2msg, Rcv_sts, RcvSRCSDU,
SndSRCSDU)

Node_ID:= GET_DA(SndSRCSDU)
Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}

C2Msg_RcV

CZMSg_RCV

oRU_KRecv_Frame.ind { RCv_sts, Lengih, RCVORCUCSDU §

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
= Ec1msg))

=> (none)

CZMSg_Rcv

C2Msg_Rcv

SRC_Recv_Frame.ind { Rcv_sts, Length, RecvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) <> FT_MSG))

=> (none)

C2Msg_Rcv

10

C2Msg_Rcv

SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU }
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) <> V(MA)))

=> (none)

C2Msg_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

11

C2Msg_Rcv

SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU }
/ (Rev_sts <> OK)

=> (none)

C2Msg_Rcv

12

C2Msg_Rcv

SRC_Send_Frame.cnf { Result }

=> (none)

10_Snd

13

C2Msg_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
=> SRCSDU:= BUILD_PDU_OUT(V(Nslave))

10_Snd

Node_ID:= GET_DA(SndSRCSDU)
Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}

14

C2Msg_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))

Sync

15

10_Snd

EXPIRED_TIMER ( T(Tslot) ) = "True"

=> SRCSDU:= BUILD_PDU_OUT(V(Nslave))
Node_ID:= GET_DA(SndSRCSDU)
Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, lkéngth, SRCSDU}

10_Snd

16

10_Snd

SRC_Send_Frame.cnf { }

=> (none)

10_Rev

17

10_Snd

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_EW Tcycle }
STOP_TIMER(T(Tslot)

Sync

18

10_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}
/ ((Rev_st&=OK) &&

(GET_DA(SRCSDU) = GET_NODE_ID(V(Nslave)) && (V(Nslave)

< V(NmaXx_slave))
=>STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
V(Nslave):= V(Nslave) + 1

10_Snd

19

10_Rev

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) &&

(GET_DA(SRCSDU) = GET_NODE_ID(V(Nslave)) &&
(V(Nslave) >= V(Nmax_slave) && (V(Nrest_slot) > 0) &&
(V(Nretry) > 0))

|0_RSnd

20

10_Rev

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) &&

(GET_DA(SRCSDU) = GET_NODE_ID(V(Nslave)) &&
(V(Nslave) >= V(Nmax_slave) && (V(Nrest_slot) > 0) &&
(V(Nretry) = 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)

C1Msg_Snd

21

10_Rev

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) &&
(GET_DA(SRCSDU) = GET_NODE_ID(V(Nslave)) &&
(V(Nslave) >= V(Nmax_slave) && (V(Nrest_slot) <= 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)

Sync
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No.

Current state

Event
Icondition
=>action

Next state

22

10_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) &&
(GET_DA(SRCSDU) <> GET_NODE_ID(V(Nslave)))

=> (none)

10_Rcv

23

10_Rev

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}
/ ((Rev_sts <> OK) && (V(Nslave) < V(Nmax_slave))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)

10_Snd

PUT_RETRY_LIST(V(Nslave))
V(Nslave):= V(Nslave) + 1

24

10_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

! ((Rev_sts <> OK) && (V(Nslave) >= V(Nmax_slave) &&
(V(Nrest_slot) > 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
PUT_RETRY_LIST(V(Nslave))
V(Nslave):= V(Nslave) + 1

10- RSnd

25

10_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDUY}

! ((Rev_sts <> OK) && (V(Nslave) >= V(Nmax~slave) &&
(V(Nrest_slot) <= 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
PUT_RETRY_LIST(V(Nslave))
V(Nslave):= V(Nslave) + 1

Sync

26

10_Rev

EXPIRED_TIMER ( T(Tslot){)*= "True"

/ V(Nslave) < V(Nmax_slave)

=> STORE_PDU_IN(W%(Nslave), SRCSDU, NG)

If V(Nrest_slot)>.0 then
PUT_RETRY_LIST(V(Nslave))

endif

V(Nslave):= V(Nslave) + 1

10_Snd

27

10_Rev

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) > 0)
=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)
PUT_RETRY_LIST(V(Nslave))

V(Nslave):= GET_RETRY_LIST()

SRCSDU:= BUILD_PDU_OUT(V(Nslave))

|0_RSnd

Node_ID:= GET_DA(SRCSDU)
Length:= GET_LEN(SRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}

28

10_Rev

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) = 0)
=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)

Sync

29

10_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot)
STORE_PDU_IN(V(Nslave), SRCSDU, NG)

Sync
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No. Current state Event Next state
Icondition
=>action
30 I0O_RSnd EXPIRED_TIMER ( T(Tslot) ) = "True" IO_RSnd
=> V(Nslave):= GET_RETRY_LIST()
SRCSDU:= BUILD_PDU_OUT(V(Nslave))
Node_ID:= GET_DA(SRCSDU)
Length:= GET_LEN(SRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}
31 10 RSnd SRC Send Frame.cnf{} 10 _RRcv
=> (none)
32 IO_RSnd EXPIRED_TIMER ( T(Tcycle) ) = "True" Syne
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot)
33 10_RRcv SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU} I0_RSnd
/ ((Rev_sts = OK) &&
(GET_DA(SRCSDU) = GET_NODE_ID(V(Nslave)) &&
(V(Nrest_slot) >= 1) && (V(Nretry) > 0))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
V(Nrest_slot):= V(Nrest_slot) — 1
34 10_RRcv SRC_Recv_Frame.ind {Rcv_sts, Length«~SRCSDU} C1Msg_Sng
/ ((Rev_sts = OK) &&
(GET_DA(SRCSDU) = GET_NODEXND(V(Nslave)) &&
(V(Nrest_slot) >= 1) && (V(Nretty) <= 0))
=> STORE_PDU_IN(V(Nslaye), SRCSDU, Rcv_sts)
35 10_RRcv SRC_Recv_Frame.ind {Rcv sts, Length, SRCSDU} Sync
/ ((Rev_sts = OK) &&
(GET_DA(SRCSDU)= GET_NODE_ID(V(Nslave)) &&
(V(Nrest_slot) <4))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
36 10_RRcv SRC_Recy® Frame.ind {Rcv_sts, Length, SRCSDU} I0_RRcv
/ ((Rev:sts = OK) &&
(GET_DA(SRCSDU) <> GET_NODE_ID(V(Nslave)))
=> (none)
37 10_RRcv SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU} I0_RSnd
/ ((Rev_sts <> OK) && (V(Nrest_slot) >= 1) && (V(Nretry) > 0))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
V(Nrest_slot):= V(Nrest_slot) — 1
38 | TO_RRcv SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU} CTMsg_Snad
/ ((Rev_sts <> OK) && (V(Nrest_slot) >= 1) && (V(Nretry) <= 0))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
V(Nrest_slot):= V(Nrest_slot) — 1
39 10_RRcv SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU} Sync

/ ((Rev_sts <> OK) && (V(Nrest_slot) < 1))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
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Current state

Event
Icondition
=>action

Next state

40

10_RRcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ ((V(Nrest_slot) >= 1) && (V(Nretry) > 0))

=> STORE_PDU_IN(V(Nslave), None, TOUT)
V(Nrest_slot):= V(Nrest_slot) — 1
V(Nslave):= GET_RETRY_LIST()
SRCSDU:= BUILD_PDU_OUT(V(Nslave))
Node ID:= GET DA(SRCSDU)

10_RSnd

Length:= GET_LEN(SRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}

41

10_RRcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ ((V(Nrest_slot) >= 1) && (V(Nretry) <= 0))

=> STORE_PDU_IN(V(Nslave), None, TOUT)
V(Nrest_slot):= V(Nrest_slot) — 1
EXEC_MSPM_IS(Ec1msg, SRCSDU)

Node_ID:= GET_DA(SRCSDU)

Length:= GET_LEN(SRCSDU)
SRC_Send_Frame.req { Node_ID, Length,SRCSDU}

C1Msg_Sng

42

10_RRcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ (V(Nrest_slot) < 1)
=> STORE_PDU_IN(V(Nslave), None, TOUT)

Sync

43

10_RRcv

EXPIRED_TIMER ( T(Tcyele) ) = "True"

=> DL_Event.ind {DL_Ewv, Tcycle }
STOP_TIMER(T(Tslot)
STORE_PDU fIN(V(Nslave), SRCSDU, TOUT)

Sync

44

C1Msg_Snd

EXPIRED_ TIMER ( T(Tslot) ) = "True"

=> EXEC/MSPM_IS(Ec1msg, SndSRCSDU)

Node_|D:= GET_DA(SndSRCSDU)

Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, ShdSRCSDU}

C1Msg_Snd

45

C1Msg_Snd

SRC_Send_Frame.cnf { }

=> (none)

C1Msg_RcV

46

CIMsg Snd

EXPIRED_TIMER ( T(Tcycle) ) = "True"

Sync

=> DI _F\/nnf ind {nl _F\/_Tr‘\ilr‘ln }

STOP_TIMER(T(Tslot)

47

C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, RcvSRCSDU}

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
= Ec1msg))

=> STOP_TIMER(T(Tslot))
EXEC_MSPM_IR(E1msg, Rev_sts, RevSRCSDU)

Sync

48

C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, RcvSRCSDU}

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
= Ec2msg))

=> (none)

C1Msg_Rcv



https://iecnorm.com/api/?name=f01612fa6c24be2ea7d89433153880cb

- 66 — IEC 61158-4-24:2023 © |IEC 2023

No.

Current state

Event
Icondition
=>action

Next state

49

C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, RcvSRCSDU}
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&

(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)

= Ec2msg))

=> (none)

C1Msg_Rcv

50

C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, RcvSRCSDU}

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) <> FT_MSG))

C1Msg_Rcv

=> (none)

51

C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, RcvSRCSDU}
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) <> V(MA)))

=> (none)

C1Msg\ Re

52

C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, RcvSRCSDU}
/ ((Rev_sts <> OK)

=> (none)

C1Msg_RcV

53

C1Msg_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
=> STOP_TIMER(T(Tslot))

Sync

54

C1Msg_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))

Sync

55

Any state

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> Result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

Same state

56

Any state

DL-READ-DATA req(SAP_ID)
=> Result:= GET.-CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

Same state

6.2.3.

Figurg
fixed-

p.1.2 C2 master

22 and Table 55 show the state diagram and the state table of the C2 master that adopts

vidth time slot.
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2
C2_Sync_Rev
7

C2_Activating

Y

v
C2_CyclCmd_Rcv
]

18, 21

Figure 22 — The state diagram of the C2 master for fixed-width time slot

Table 55 — The statetable of the C2 master for fixed-width time slot

6
Y
@Msgﬁnd ) 8
9
A

12,13, 14,
15

11, 16 17

19, 20

23 22

\ 4
C2_CyclRsp_Rcv 26, 27

24, 28 25,29
vy

30, 31, 32,
33, 34, 36

C2_C1Msg_Rcv

35, 37, 38, 39

/ (Rev_sts <> OK)

=> (none)

No. Current state Event Next stjte
/condition
=>action
1 Any state Power on or CTC_Reset.req C2_Activatipg
=> (none)
2 C2_Activating CTC_Start.req C2_Sync_Rcv
=> START_TIMER(T(Tcycle), V(Tcycle))
CTC_Start.cnf { OK }
3 C2_Activating CTC_Start.req C2_Activating
=> CTC_Start.cnf { NG }
4 C2_8Sync_Rcv SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } C2_8Sync_Rcv
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) <> Cgaddr))
=> (none)
5 C2_8Sync_Rcv SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } C2_8Sync_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

C2_8Sync_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
/ V(Fc2msg) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }
START_TIMER(T(Tslot), V(Tslot))
V(Nslave):= 1

C2_C2Msg_Snd

C2_8Sync_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
[ V(Fc2msqg) = "False"

C2_Out_Rcv

=> DL_Event.ind {DL_Ev_Tcycle }
START_TIMER(T(Tslot), V(Tslot))
V(Nslave):= 1

C2_C2Msg_Snd

EXPIRED_TIMER ( T(Tslot) ) = "True"

=> EXEC_MSPM_IS(Ec2msg, SndSRCSDU)

Node_ID:= GET_DA(SndSRCSDU)

Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SndSRCSDU}

C2_C2Msg|Snd

C2_C2Msg_Snd

SRC_Send_Frame.cnf { }

=> (none)

C2_C2Msg|Rcv

10

C2_C2Msg_Snd

EXPIRED_TIMER ( T(Tcycle) ) = "Trae"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot)

C2_Sync_Rcv

11

C2_C2Msg_Rcv

SRC_Recv_Frame.ind { Rew sts, Length, RcvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
= Ec2msg))

=> EXEC_MSPM_IR(E1msg, Rev_sts, RevSRCSDU)

C2_Out_Rcv

12

C2_C2Msg_Rcv

SRC_RetwwFrame.ind { Rcv_sts, Length, RecvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
=EC1msg))

=> (none)

C2_C2Msg|Rcv

13

C2_C2Msg_Rcv

SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) <> FT_MSG))

=> (none)

C2_C2Msg|Rcv

14

SpCo D AL H L
oo —I<EEY LSLLEASTI LR AS an w

q

=> (none)

15

C2_C2Msg_Rcv

SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU }
/ (Rev_sts <> OK)

=> (none)

C2_C2Msg_Rcv

16

C2_C2Msg_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

=> (none)

C2_Out_Rcv

17

C2_C2Msg_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))

C2_8Sync_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

18

C2_Out_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}
/ ((Rev_sts = OK) && (GET_FT(RcvSRCSDU) = FT_OUT))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)

C2_In_Rcv

19

C2_Out_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}
/ ((Rev_sts = OK) && (GET_FT(RcvSRCSDU) <> FT_OUT))

=> (none)

C2_Out_Rcv

20

C2 Out_Rcv

SRC_Recv_Frame.ind {Rcv_sts. Length, SRCSDU}

C2 Out_Rcv

/ (Rev_sts <> OK)
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)

21

C2_Out_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

=> (none)

C2 In_Rcv

22

C2_Out_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))

C2_8Sync_Rcv

23

C2_In_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSRU}

/ ((Rev_sts = OK) && (GET_FT(RcvSRCSDU)= FT_IN) &&
(V(Nslave) < V(Nmax_slave)))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
V(Nslave):= V(Nslave) + 1

C2_Out_Rcv

24

C2_In_Rcv

SRC_Recv_Frame.ind {Rcv_sts{ kength, SRCSDU}

/ ((Rev_sts = OK) && (GET(RT(RcvSRCSDU) = FT_IN) &&
(V(Nslave) >= V(Nmax_slave)) && (V(Nmax_retry) > 0))

=> STORE_PDU_IN(Y{Nslave), SRCSDU, Rcv_sts)
V(Nslave):= V(Nslave) + 1
V(Nretry):=\V(Nmax_retry)

C2_C1Msg|Rcv

25

C2_In_Rcv

SRC_Rectv\Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rov_sts = OK) && (GET_FT(RcvSRCSDU) = FT_IN) &&
(V(Nslave) >= V(Nmax_slave)) && (V(Nmax_retry) <= 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
V(Nslave):= V(Nslave) + 1

C2_Sync_Rcv

26

C2_In_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}
/ ((Rev_sts = OK) && (GET_FT(RcvSRCSDU) <> FT_IN))

=> (none)

C2_In_Rcv

27

C2 - In_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts <> OK) && (V(Nslave) < V(Nmax_slave)))

=> (none)

C2_In_Rcv

28

C2_In_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts <> OK) && (V(Nslave) >= V(Nmax_slave)) &&
(V(Nmax_retry) > 0))

=> V(Nretry):= V(Nmax_retry)

C2_C1Msg_Rcv

29

C2_In_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts <> OK) && (V(Nslave) >= V(Nmax_slave)) &&
(V(Nmax_retry) <= 0))

=> (none)

C2_8Sync_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

30

C2_C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) && (GET_DA(SRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && (GET_MC(RcvSRCSDU)
= Ec1msg))

=> EXEC_MSPM_R(Ec1msg, Rcv_sts, RcvSRCSDU,
SndSRCSDU)

Node_ID:= GET_DA(SndSRCSDU)
Length:= GET_LEN(SndSRCSDU)

C2_C1Msg_Rcv

SRC_Send_Frame.req { Node_ID, Length, SRCSDU}

31

C2_C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) && (GET_DA(SRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_MSG) && (GET_MC(RcvSRCSDU)
= Ec2msg))

=> (none)

C2_CMMsg|Rcv

32

C2_C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) && (GET_DA(SRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) <> FT_MSG))

=> (none)

C2_C1Msg|Rcv

33

C2_C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRESDU}
/ ((Rev_sts = OK) && (GET_DA(SRCSDU) <> V(MA)))

=> (none)

C2_C1Msg|Rcv

34

C2_C1Msg_Rcv

SRC_Recv_Frame.ind {Rcv_sts{ kength, SRCSDU}
/ (Rev_sts <> OK)

=> (none)

C2_C1Msg|Rcv

35

C2_C1Msg_Rcv

SRC_Send_Frame.enf{ }

=> (none)

C2_Sync_Rev

36

C2_C1Msg_Rcv

EXPIRED_HMER ( T(Tslot) ) = "True"
/ V(Nretry)*> 0
=>\/(Nretry):= V(Nmax_retry) — 1

C2_C1Msg|Rcv

37

C2_C1Msg_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ V(Nretry) <=0
=> STOP_TIMER(T(Tslot)

C2_Sync_Rcv

38

C2_C1Msg/Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))

C2_Sync_Rev

39

Any state

SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = Cgaddr) &&
(GET_FT(RcvSRCSDU) = FT_SYNC))

=> DL_Event.ind {DL_Ev_Tcycle }
RESTART_TIMER(T(Tcycle))
START_TIMER(T(Tslot), V(Tslot))
V(Nslave):= 1

C2_Sync_Rcv

40

Any state

SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU }

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = Cgaddr) &&
(GET_FT(RcvSRCSDU) <> FT_SYNC))

=> (none)

Same state
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No. Current state Event Next state
Icondition
=>action

41 Any state DL-READ-DATA.req(SAP_ID) Same state

=> Result:= GET_CYC_DATA(SAP_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

6.2.3.2.1.3 Slave

Figure 23 and Table 56 show the state diagram and the state table of the slave that adopts
fixed-width time slot.

S_Activating

6,7, 809 10,
11,12, 13,
14, 15, 16

S_Active

IEC
Figure 23 — The state diagram of the slave‘for fixed-width time slot

Table 56 — The state table of the slave for fixed-width time slot

No. Current state Event Next state
Icondition
=>action
1 Any states Power on or CTC_Reset.req S_Activating
=> (none)
2 S_Activating CTC_Start.req S_Active

=> START:TIMER(T(Tcycle), V(Tcycle))
CTC_Start.cnf { OK }

3 S_Activating CTC_Start.req S_Activating
=> CTC_Start.cnf { NG }
4 S_Activating DL-WRITE-DATA.req(SAP_ID, DLSDU) S_Activating

=> Result:= SET_CYC_DATA(SAP_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

5 S\ Activating DL-READ-DATA.req(SAP_ID) S_Activating
=> Result:= GET_CYC_DATA(SAP_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

6 S_Active EXPIRED_TIMER ( T(Tcycle) ) = "True" S_Active
=> DL_Event.ind {DL_Ev_Tcycle }
7 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = Cgaddr) &&
(GET_FT(RcvSRCSDU) = FT_SYNC))

=> DL_Event.ind {DL_Ev_Tcycle }
RESTART_TIMER(T(Tcycle))
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=> Result:= GET_CYC_DATA(SAP_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

No. Current state Event Next state
/condition
=>action

8 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = Cgaddr) &&
(GET_FT(RcvSRCSDU) <> FT_SYNC))
=> (none)

9 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RecvSRCSDU } S_Active
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) = FT_OUT))
=>-SHeSRGSBU=—BUH-B—RBU—IN(H
Node_ID:= V(MA)
Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SndSRCSDU}
STORE_PDU_OUT(1, RcvSRCSDU, Rcv_sts)

10 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) & &
(GET_FT(RcvSRCSDU) = FT_MSG) && GET_MC(RcvSRCSDU)
= Ec1msg))
=> EXEC_MSPM_R(Ec1msg, Rcv_sts, RecvSRCSDU,
SndSRCSDU)
Node_ID:= MA
Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_IDjyLkength, SndSRCSDU}

11 S_Active SRC_Recv_Frame.ind { Rcv_sts,; Length, RcvSRCSDU } S_Active
/ ((Rev_sts = OK) && (GET DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU).5 FT_MSG) && GET_MC(RcvSRCSDU)
= Ec2msg))
=> EXEC_MSPM_R(Ec2msg, Rcv_sts, RcvSRCSDU,
SndSRCSDU)
Node_ID:=MA
Length;=)GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SndSRCSDU}

12 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active
/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = V(MA)) &&
(GET_FT(RcvSRCSDU) <> FT_MSG) &&
(GET_FT(RcvSRCSDU) <> FT_OUT))
=> (none)

13 S_/Asctive SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active
I {{Rcv—sts = OK) 88 (GET DA(RcySRCSDU) <> V(MA)))
=> (none)

14 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active
/ (Rev_sts <> OK)
=> (none)

15 S_Active DL-WRITE-DATA.req(SAP_ID, DLSDU) S_Active
=> Result:= SET_CYC_DATA(SAP_ID, DLSDU)
DL-WRITE-DATA.cnf (Result)

16 S_Active DL-READ-DATA.req(SAP_ID) S_Active
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6.2.3.2.2 Protocol machine for cyclic communication consists of configurable time
slot

6.2.3.2.2.1 C1 master

Figure 24 and Table 57 show the state diagram and the state table of C1 master that adopts
configurable time slot.

Activating

N
nc ) 7,9,10
A
14
_Cmd_Snd ) 11,15, 16
A

17, 22

10_Cmd_RSnid
A

4
36| |40 44

6
Y
I0_Rsp_RRcv
_ 46, 49

55, 57
60, 61

56

v
C1Msg_Rcv 65, 66

63, 64

62,72

C2Msg_Rcv

IEC

Figure 24 — The state diagram of the C1 master for configurable time slot
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Table 57 — The state table of the C1 master for configurable time slot

No.

Current state

Event
Icondition
=>action

Next state

Any state

Power on or CTC_Reset.req

=> (none)

Activating

Activating

CTC_Set_Par.req { Par_ID, Val }
=> CTC_SET_PAR(Par_ID, Val, Result)
CTC_Set_Par.cnf { Result }

Activating

Activating

CTC_Get_Par.req { Par_ID J
=> CTC_GET_PAR(Par_ID, Val, Result)
CTC_Get_Par.cnf { Result, Par_ID, Val }

Activating

Activating

CTC_Start.req
=> START_TIMER(T(Tcycle), V(Tcycle))
CTC_Start.cnf

Sync

Activating

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> Result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

Activating

Activating

DL-READ-DATA.req(SAP_ID)
=> Result:= GET_CYC_DATA(SAP_ID; Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDY)

Activating

Sync

EXPIRED_TIMER ( T(Tcycle) =ITrue"
=> DL_Event.ind {DL_Ev_JTcycle }
SRCSDU:= BUILD_PDU_SYNC()
SRC_Send_Frameé.req {SRCSDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

Sync

Sync

SRC_Send: Frame.cnf { }

=> V{Nslave):= 1
V(Nretry):= 0
V(Nrest_slot):= 0

10_Cmd_Snd

Sync

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> Result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

Sync

10

Sync

DL-READ-DATA.req(SAP_ID)

Sync

=> Result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

11

I0_Cmd_Snd

EXPIRED_TIMER ( T(Tslot) ) = "True"

=> SRCSDU:= BUILD_PDU_OUT( V(Nslave) )
SRC_Send_Frame.req {SRCSDU}
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

I0_Cmd_Snd

12

10_Cmd_Snd

SRC_Send_Frame.cnf { }
/ V(Nslave) < V(Nmax_slave)

=> (none)

10_Rsp_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

13

10_Cmd_Snd

SRC_Send_Frame.cnf { }
/ V(Nslave) >= V(Nmax_slave)

=> V(Nrest_slot):= V(Nmax_retry)

10_Rsp_Rcv

14

10_Cmd_Snd

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle}
STOP_TIMER( T(Tslot) )
SRCSDU:= BUILD PDU SYNC()

Sync

SRC_Send_Frame.req {SRCSDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

15

I0_Cmd_Snd

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

IO_Cmd_Snd

16

I0_Cmd_Snd

DL-READ-DATA.req(SAP_ID)
=> result:= GET_CYC_DATA(SAP_ID, Node_ID{PESDU)
DL-READ-DATA.cnf (Result, DLSDU)

I0_Cmd_Snd

17

I0_Rsp_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length{ SRCSDU}
/ ((Rev_sts = OK) && V(Nslave) < V(Nmax_slave))
=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
If ( (Rev_sts <> OK) && (V(Nrest_slot) > 0) ) then
PUT_RETRY_LIST(V(Nslave))
Endif
V(Nslave):= V(Nslave) + 1

10_Cmd_Snd

18

I0_Rsp_Rcv

SRC_Recv_Frante.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) && (V(Nslave) >= V(Nmax_slave)) &&
(V(Nrest ;slot) > 0) && (V(Nretry) > 0))

=>STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
If (Result <> OK) then
PUT_RETRY_LIST(V(Nslave))
Endif

10_Cmd_RSnpd

19

10_Rsp. Rev

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = OK) && (V(Nslave) >= V(Nmax_slave)) &&
(V(Nrest_slot) > 0) && (V(Nretry) = 0))

C1Msg_Snd

=—>—STORE_PDUN(V(INstave), SRCSDU; Rrv_sts)

20

I0_Rsp_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

/ ((Rev_sts = NG) && (V(Nslave) >= V(Nmax_slave)) &&
(V(Nrest_slot) > 0) && (V(Nretry) = 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Rcv_sts)
PUT_RETRY_LIST(V(Nslave))

|0_Cmd_RSnd

21

I0_Rsp_Rcv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}

! ((Rev_sts = OK) && (V(Nslave) >= V(Nmax_slave)) &&
(V(Nrest_slot) <= 0))

=> STORE_PDU_IN(V(Nslave), SRCSDU, Result)
SND_MSG_TOKEN()

C2Msg_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

22

I0_Rsp_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ V(Nslave) < V(Nmax_slave)
=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)
If V(Nrest_slot) > 0 then
PUT_RETRY_LIST(V(Nslave))
Endif
V(Nslave):= V(Nslave) + 1

10_Cmd_Snd

SRCSDU:= BUILD_PDU_OUT( V(Nslave) )
SRC_Send_Frame.req {SRCSDU}
STOP_TIMER( T(Tslot) )

START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

23

I0_Rsp_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) > 0)

&& CMP_RTIM(T(Tcycle),
V(Tslot(V(GET_CUR_RETRY_LIST))) + V(Tc2_dly)) » 0

=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)
PUT_RETRY_LIST(V(Nslave))
V(Nslave):= GET_RETRY_LIST()
SRCSDU:= BUILD_PDU_OUT(V(Nslave))
SRC_Send_Frame.req {SRCSDU}
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot), V(Tslot(V(slave))) )

10_Cmd_RSnd

24

I0_Rsp_Rcv

EXPIRED_TIMER ((T{Tslot) ) = "True"
/ (V(Nslave) >= (Nmax_slave)) && (V(Nrest_slot) > 0)

&& CMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2_dig))= 0

&& CHECK_MSG_EN(C2) <> 0
=>\STORE_PDU_IN(V(Nslave), SRCSDU, NG)

C2Msg_Rcv

25

I0_Rsp_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) <= 0) &&
CHECK_MSG_EN(C1) <> 0

=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)
EXEC_MSPM_IS(Ec1msg, SndSRCSDU)

C1Msg_Snd

SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C1)
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot),slot) )
SND_MSG_TOKEN()

26

I0_Rsp_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) > 0) &&
CMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2_dly)) =0

&& CHECK_MSG_EN(C1) = 0
&& CHECK_MSG_EN(C2) = 0
=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)

Sync
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No.

Current state

Event
Icondition
=>action

Next state

27

I0_Rsp_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) <= 0)
&& CHECK_MSG_EN(C1) =0

&& CHECK_MSG_EN(C2) <> 0

=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)
SND_MSG_TOKEN()

C2Msg_Rcv

28

10 Rsp Rev

EXPIRED TIMER ( T(Tslot) ) = "True"

Sync

/ (V(Nslave) >= V(Nmax_slave)) && (V(Nrest_slot) <= 0)
&& CHECK_MSG_EN(C1) =0

&& CHECK_MSG_EN(C2) =0

=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)

29

I0_Rsp_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))
STORE_PDU_IN(V(Nslave), SRCSDU, NG)
SRCSDU:= BUILD_PDU_SYNC()
SRC_Send_Frame.req {SRCSDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

Sync

30

I0_Rsp_Rcv

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA cnf-{Result)

10_Rsp_Rcv

31

I0_Rsp_Rcv

DL-READ-DATA.req(SAP_ID)
=> result:= GET-CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

10_Rsp_Rcv

32

I0_Cmd_RSnd

EXPIRED_TIMER ( T(Tslot) ) = "True"

LCMP_RTIM(T(Tcycle), V(Tslot(V(GET_CUR_RETRY_LIST)))
#V(Tc2_dly)) > 0

=> V(Nslave):= GET_RETRY_LIST()
SRCSDU:= BUILD_PDU_OUT(V(Nslave))
SRC_Send_Frame.req {SRCSDU}
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot), V(Tslot(V(slave))) )

10_Cmd_RSnd

33

C1Msg_Snd

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ CHECK_MSG_EN(C1) <> 0
&& CMP_RTIM(T(Tcycle), V(Tc2_dly)) = 0

=> ( none)

C2Msg_Rcv

34

I0_Cmd_RSnd

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ CMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2 dly)) = 0

&& CHECK_MSG_EN(C2) <> 0
=> SND_MSG_TOKEN()

C2Msg_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

35

I0_Cmd_RSnd

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ CMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2 dly)) = 0

&& CHECK_MSG_EN(C2) =0

=>( none )

Sync

36

I0_Cmd_RSnd

SRC_Send_Frame.cnf { }

=> (none)

10_Rsp_RRcv

37

10_Cmd_RSnd

EXPIRED_TIMER ( T(Tcycle) ) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))
SRCSDU:= BUILD_PDU_SYNC()
SRC_Send_Frame.req {SRCSDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

Sync

38

I0_Cmd_RSnd

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_/DyBLSDU)
DL-WRITE-DATA.cnf (Result)

I0_Cmd_RSnd

39

I0_Cmd_RSnd

DL-READ-DATA.req(SAP_ID)
=> result:= GET_CYC_DATA(SAP.ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, BLSDU)

I0_Cmd_RSnd

40

I0_Rsp_RRcv

SRC_Recv_Frame.ind {Rey~sts, Length, SRCSDU}

I (V(Nrest_slot) > 1) &&(V(Nretry) > 0)

=> STORE_PDU_IN(¥(Nslave), SRCSDU, Result)
V(Nrest_slot);£ Y(Nrest_slot) — 1

I0_Cmd_RSnd

41

10_Rsp_RRecv

SRC_Recv-Frame.ind {Rcv_sts, Length, SRCSDU}
/ (V(Nrest>slot) > 1) && (V(Nretry) <= 0)
=>STORE_PDU_IN(V(Nslave), SRCSDU, Result)

C1Msg_Snd

42

10_Rsp_RRecv

SRC_Recv_Frame.ind {Rcv_sts, Length, SRCSDU}
/ (V(Nrest_slot) <= 1)
=> STORE_PDU_CYCR(V(Nslave), SRCSDU, Result)

C1Msg_Snd

43

10_Rsp.RRcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot)

Sync

STORE_PDU_IN(V(Nslave), SRCSDU, NG)
SRCSDU:= BUILD_PDU_SYNC()
SRC_Send_Frame.req {SRCSDU}

V(Nslave):= 0

START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )
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No.

Current state

Event
Icondition
=>action

Next state

44

I0_Rsp_RRecv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ (V(Nrest_slot) > 1) && (V(Nretry) > 0)
&& CMP_RTIM(T(Tcycle),
V(Tslot(V(GET_CUR_RETRY_LIST))) + V(Tc2_dly)) >0

=> STORE_PDU_IN(V(Nslave), SRCSDU, NG)
V(Nrest_slot):= V(Nrest_slot) — 1
V(Nslave):= GET_RETRY_LIST()

SRCSDU-=—BUILLD PDU_OUTOALNslave))
N — LMY 77

10_Cmd_RSnd

SRC_Send_Frame.req {SRCSDU}

45

I0_Rsp_RRcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ (V(Nrest_slot) <= 1)

&& CHECK_MSG_EN(C1) <> 0

=> EXEC_MSPM_IS(Ec1msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C1)

STOP_TIMER( T(Tslot) )

START_TIMER( T(Tslot),slot) )

C1Msg~Snd

46

I0_Rsp_RRcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ (V(Nrest_slot) <=1)

&& CHECK_MSG_EN(C1) =0

&& CHECK_MSG_EN(C2) <30

=> SND_MSG_TOKEN()

C2Msg_Rcv

47

10_Rsp_RRecv

EXPIRED_TIMER (. Te¢Tslot) ) = "True"
/ (V(Nrest_slot) <=4)

&& CHECK_MSG_EN(C1) =0

&& CHECK-MSG_EN(C2) =0

=>( none’)

Sync

48

10_Rsp_RRecv

EXPIRED_TIMER ( T(Tslot) ) = "True"

f(V(Nrest_slot) > 1) && (V(Nretry) <= 0) &&
CMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2_dly)) =0

&& CHECK_MSG_EN(C1) <> 0
=> EXEC_MSPM_IS(Ec1msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }

C1Msg_Snd

slot= GET_MSG_SLOT(CT)
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot),slot) )

49

10_Rsp_RRecv

EXPIRED_TIMER ( T(Tslot) ) = "True"

ICMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2_dly)) = 0

&& CHECK_MSG_EN(C2) <> 0
=> SND_MSG_TOKEN()

C2Msg_Rcv
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No.

Current state

Event
Icondition
=>action

Next state

50

I0_Rsp_RRecv

EXPIRED_TIMER ( T(Tslot) ) = "True"

JCMP_RTIM(T(Tcycle), V(Tslot(V(GET_RETRY_LIST))) +
V(Tc2_dly)) = 0

&& CHECK_MSG_EN(C2) =0

=>( none )

Sync

51

I0_Rsp_RRecv

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)

10_Rsp_RRcv

DL-WRITE-DATA.cnf (Result)

52

I0_Rsp_RRecv

DL-READ-DATA.req(SAP_ID)
=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

10_Rsp~.RRc

=z

53

C1Msg_Snd

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ CHECK_MSG_EN(C1) <> 0 && CMP_RTIM(T(Tcycle),
V(Tc2_dly)) > 0

=> EXEC_MSPM_IS(Ec1msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C1)
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot),slot) )

C1Msg_Snd

54

C1Msg_Snd

EXPIRED_TIMER ( T(Tslot) ) 5 "True"
/ CHECK_MSG_EN(C1) = 0

&& CHECK_MSG_EN(C2§%> 0

=> SND_MSG_TOKEN])

C2Msg_Rcv

55

C1Msg_Snd

EXPIRED_TIMER ("T(Tslot) ) = "True"
/ CHECK_MSG“EN(C1) = 0
&& CHECK-MSG_EN(C2) = 0

=>( none)

Sync

56

C1Msg_Snd

SRC_Send_Frame.cnf { }

=> (none)

C1Msg_Rcv

57

C1Msg_Snd

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot)
SRCSDU:= BUILD_PDU_SYNC()

Sync

SRC_Send_fFrame req {SRCSDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

58

C1Msg_Snd

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

C1Msg_Snd

59

C1Msg_Snd

DL-READ-DATA.req(SAP_ID)
=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

C1Msg_Snd

60

C1Msg_Rcv

SRC_Recv_Frame.ind {Result, RevSRCSDU}
=> STOP_TIMER(T(Tslot))
EXEC_MSPM_IR(Ec1msg, Result, RcvSRCSDU)

C1Msg_Snd
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No. Current state Event Next state
Icondition
=>action

61 C1Msg_Rcv EXPIRED_TIMER ( T(Tslot) ) = "True" C1Msg_Snd

/ CHECK_MSG_EN(C1) <> 0 && CMP_RTIM(T(Tcycle),
V(Tc2_dly)) > 0

=> EXEC_MSPM_IS(Ec1msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C1)
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot),slot) )

62 C1Msg_Rcv EXPIRED_TIMER ( T(Tslot) ) = "True" C2Msg~Rov
/ CHECK_MSG_EN(C1) =0
&& CHECK_MSG_EN(C2) <> 0
=> SND_MSG_TOKEN()

63 C1Msg_Rcv EXPIRED_TIMER ( T(Tslot) ) = "True" Sync
/ CHECK_MSG_EN(C1) =0
&& CHECK_MSG_EN(C2) = 0

=>( none)

64 C1Msg_Rcv EXPIRED_TIMER ( T(Tcycle) ) = "True" Sync
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))
SRCSDU:= BUILD_PDU_SYNGC{)
SRC_Send_Frame.req {SRESDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

65 C1Msg_Rev DL-WRITE-DATA)req(SAP_ID, DLSDU) C1Msg_Rcv
=> result:="SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRIFE-DATA.cnf (Result)

66 C1Msg_Rcv DL=-READ-DATA.req(SAP_ID) C1Msg_Rcv
=>result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

67 C2Msg_Rev SRC_Recv_Frame.ind { Result, RcvSRCSDU } C2Msg_Rcv
=> EXEC_MSPM_R(Ec2msg, Result, RevSRCSDU,
SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
68 C2MSg_RCV SRC_Send_Frame.cnf{f C2ZMSg_RCV
=> (none)
69 C2Msg_Rcv EXPIRED_TIMER ( T(Tcycle) ) = "True" Sync

=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))
SRCSDU:= BUILD_PDU_SYNC()
SRC_Send_Frame.req {SRCSDU}
V(Nslave):= 0
START_TIMER( T(Tslot), V(Tslot(V(Nslave))) )

70 C2Msg_Rev DL-WRITE-DATA.req(SAP_ID, DLSDU) C2Msg_Rcv
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA.cnf (Result)
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71 C2Msg_Rcv DL-READ-DATA.req(SAP_ID) C2Msg_Rcv
=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)
72 C1Msg_Rcv EXPIRED_TIMER ( T(Tslot) ) = "True" C2Msg_Rcv
/ CHECK_MSG_EN(C1) <> 0
&& CMP_RTIM(T(Tcycle), V(Tc2_dly)) =0
=> ( none)
6.2.3.2.2.2 C2 Master
Figurg 25 and Table 58 show the state diagram and the state table of the C2 master that gdopts
configlurable time slot.
C2_Activating
4 N
\
6, 7, 8,90,
02Rev 11,92, 13
i
14,15 17,19
Y
@2Msg,3nd % 16, 20
7
18 21,22
A
C2_C2Msg_Rcv 25
23, 24 )
IEC
Figure 25 % The state diagram of the C2 master for configurable time slot
Table 58 — The state table of the C2 master for configurable time slot
No. Current state Event Next stTe
/condition
=>action
1 Any state Power on or CTC_Reset.req C2_Activating
=> (none)
2 C2_Activating CTC_Set_Par.req { Par_ID, Val } C2_Activating
=> CTC_SET_PAR(Par_ID, Val, Result)
CTC_Set_Par.req { Result }
3 C2_Activating CTC_Get_Par.req { Par_ID } C2_Activating
=> CTC_GET_PAR(Par_ID, Val, Result)
CTC_Get_Par.cnf { Result, Par_ID, Val }
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No. Current state Event Next state
/condition
=>action
4 C2_Activating CTC_Start.req C2_Rcv
=> START_TIMER(T(Tcycle), V(Tcycle))
START_TIMER(T(Tmsg), V(Tmsg))
CTC_Start.cnf
5 C2_Activating DL-READ-DATA.req(SAP_ID) C2_Activating
=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)
6 C2_Recv SRC_Recv_Frame.ind { Result, SRCSDU } C2_Rcv.
/ (SRCSDU.TYPLEN = TYP1)
=> DL_Event.ind {DL_Ev_Tcycle }
RESTART_TIMER(T(Tcycle))
RESTART_TIMER(T(Tmsg))
7 C2_Rcv EXPIRED_TIMER ( T(Tcycle) ) = "True" C2_Rcv
=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tcycle))
STOP_TIMER(T(Tmsg))
START_TIMER(T(Tcycle), V(Tcycle))
START_TIMER(T(Tmsg), V(Tmsg))
8 C2_Rcv SRC_Recv_Frame.ind { Result, RevSRCSDU } C2_Rcv
/ RevSRCSDU. SA = C1
RcvSRCSDU. TYPLEN =T¥P2
=> V(Nslave):= EX_ADD(DA)
STORE_PDU_OUT(V(Nslave), SRCSDU, Result)
9 C2_Recv SRC_Recv_Frame.ind { Result, RcvSRCSDU } C2_Rcv
/ RcvSRCSDU. SA = Slave
RcvSRESDU. TYPLEN = TYP2
=>W(Nslave):= EX_ADD(DA)
STORE_PDU_IN(V(Nslave), SRCSDU, Result)
10 C2_Recv SRC_Recv_Frame.ind { Result, RcvSRCSDU } C2_Rcv
/ SRCSDU. SA = C1
SRCSDU.TYPLEN = TYP12
=> EXEC_MSPM_R(Ec1msg, Result, RcvSRCSDU,
SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
11 C2_Recv SRC_Send_Frame.cnf { } C2_Rcv
=> (none)
12 C2_Rcv EXPIRED_TIMER ( T(Tmsg) ) = "True" C2_Rcv
/ CHECK_MSG_EN(C2) =0
=> (none)
13 C2_Rcv DL-READ-DATA.req(SAP_ID) C2_Rcv

=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)
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Current state

Event
Icondition
=>action

Next state

14

C2_Recv

SRC_Recv_Frame.ind { Result, RcvSRCSDU }
/ RevSRCSDU. SA = V(MA)
RcvSRCSDU. TYPLEN = TYP5
=> EXEC_MSPM_IS(Ec2msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C2)
STOP_TIMER( T(Tslot) )

C2_C2Msg_Snd

START_TIMER( T(Tslot),slot) )

15

C2_Recv

EXPIRED_TIMER ( T(Tmsg) ) = "True"

/ CHECK_MSG_EN(C2) <> 0

=> EXEC_MSPM_IS(Ec2msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C1)
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tslot),slot) )

C2_g€2Msg_pnd

16

C2_C2Msg_Snd

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ CHECK_MSG_EN(C2) <> 0

=> EXEC_MSPM_IS(Ec2msg, SndSRE€SDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C2)
STOP_TIMER( T(Tslot) )
START_TIMER( T(Tstot),slot) )

C2_C2Msg_pnd

17

C2_C2Msg_Snd

EXPIRED_TIMER ¢T(Tslot) ) = "True"
/ CHECK_MSGLEN(C2) = 0

=> ( none.)

C2_Rcv

18

C2_C2Msg_Snd

SRC_Send_Frame.cnf { }

=>\(none)

C2_C2Msg_Rcv

19

C2_C2Msg_Snd

EXPIRED_TIMER ( T(Tcycle) ) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))
STOP_TIMER(T(Tcycle))
STOP_TIMER(T(Tmsg))

START TIMER(T(Tcycle) V(Tcycle))

C2_Rcv

START_TIMER(T(Tmsg), V(Tmsg))

20

C2_C2Msg_Snd

DL-READ-DATA.req(SAP_ID)

=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU) DL-
READ-DATA.cnf (Result, DLSDU)

C2_C2Msg_Snd

21

C2_C2Msg_Rcv

SRC_Recv_Frame.ind { Result, RcvSRCSDU }
=> EXEC_MSPM_IR(Ec2msg, Result, RcvSRCSDU)

C2_C2Msg_Snd
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Current state

Event
Icondition
=>action

Next state

22

C2_C2Msg_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"

/ CHECK_MSG_EN(C2) <> 0

=> EXEC_MSPM_IS(Ec2msg, SndSRCSDU)
SRC_Send_Frame.req { SndSRCSDU }
slot:= GET_MSG_SLOT(C2)
STOP_TIMER( T(Tslot) )
START TIMER( T(Tslot),slot) )

C2_C2Msg_Snd

23

C2_C2Msg_Rcv

EXPIRED_TIMER ( T(Tslot) ) = "True"
/ CHECK_MSG_EN(C2) = 0

=> (none)

C2_Royv,

24

C2_C2Msg_Rcv

EXPIRED_TIMER ( T(Tcycle) ) = "True"

=> DL_Event.ind {DL_Ev_Tcycle }
STOP_TIMER(T(Tslot))
STOP_TIMER(T(Tcycle))
STOP_TIMER(T(Tmsg))
START_TIMER(T(Tcycle), V(Tcycle))
START_TIMER(T(Tmsg), V(Tmsg))

C2_Rcv

25

C2_C2Msg_Rcv

DL-READ-DATA.req(SAP_ID)

=> result:= GET_CYC_DATA(SAR\ID, Node_ID, DLSDU) DL-
READ-DATA.cnf (Result, DLSDU)

C2_C2Msg_Rcv

6.2.3.

Figurg
config

p.2.3 Slave

26 and Table 59 show the state diagram and the state table of slave which gdopts

urable time slot.

S_Activating

7,8,9, 10,
11,12, 13

IEC

S_Active

Figure 26 — The state diagram of slave for configurable time slot
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Table 59 — The state table of slave for configurable time slot

No.

Current state

Event
Icondition
=>action

Next state

Any states

Power on or CTC_Reset.req
=> (none)

S_Activating

S_Activating

CTC_Set_Par.req { Par_ID, Val }
=> CTC_SET_PAR(Par_ID, Val, Result)
CTC_Set_Par.cnf { Result }

S_Activating

S_Activating

CTC_Get_Par.req { Par_ID }

S_Activating

=> CI1C_GET_PAR(Par_ID, Val, Resulf)
CTC_Get_Par.cnf { Result, Par_ID, Val }

S_Activating

CTC_Start.req
=> START_TIMER(T(Tcycle), V(Tcycle))
CTC_Start.cnf

S_Active

S_Activating

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA.cnf (Result)

S_Activatin

S_Activating

DL-READ-DATA.req(SAP_ID)
=> result:= GET_CYC_DATA(SAP_ID, Node_IR:DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

S_Activatin

S_Active

EXPIRED_TIMER ( T(Tcycle) ) = "True"
=> DL_Event.ind {DL_Ev_Tcycle }

S_Active

S_Active

SRC_Recv_Frame.ind { Result, ReuSRCSDU }

/ (SRCSDU.TYPLEN = TYP1)

=> DL_Event.ind {DL_Ev_Jeyele }
RESTART_TIMER(T(Teycle))

S_Active

S_Active

SRC_Recv_Frame.in@’{ Result, RcvSRCSDU }

/ RevSRCSDU.DA =V(MA)

&& RcvSRCSDW:"TYPLEN = TYP2

=> STORE(PDU_OUT(1, SRCSDU, Result)
SndSRCSDU:= BUILD_PDU_IN(V(MA))
SRC-+Send_Frame.req { SndSRCSDU}

S_Active

10

S_Active

SRC_Recv_Frame.ind { Result, RcvSRCSDU }
/' RcvSRCSDU.DA = V(MA)

RcvSRCSDU.SA = C1

&& RcvSRCSDU. TYPLEN = TYP12

=> EXEC_MSPM_R(Ec1msg, Result, RevSRCSDU,
SndSRCSDU)

SRC_Send_Frame.req { SndSRCSDU }

S_Active

11

S_Active

SRC_Recv_Frame.ind { Result, RevSRCSDU }
/ RevSRCSDU.DA = V(MA)

RcvSRCSDU.SA = C2

&& RcvSRCSDU. TYPLEN = TYP12

=> EXEC_MSPM_R(Ec2msg, Result, RevSRCSDU,
SndSRCSDU)

SRC_Send_Frame.req { SndSRCSDU }

S_Active

12

S_Active

DL-WRITE-DATA.req(SAP_ID, DLSDU)
=> result:= SET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA.cnf (Result)

S_Active

13

S_Active

DL-READ-DATA.req(SAP_ID)

=> result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU) DL-
READ-DATA .cnf (Result, DLSDU)

S_Active
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6.2.3.2.3 Functions used by cyclic transmission machine

All the functions used by the fixed-width time slot protocol machine are summarized in Table 60.

Table 60 — The list of functions used by cyclic transmission machine

Function name Parameter Return Operation
Input Output Value
BUILD_PDU_SYNC none None SRCSDU This function builds SRCSDU to

request SRC to send the
synchronous frame.

BUILD_PDU_OUT Slave_index, None SRCSDU This function builds SRCSDU to
request SRC to the output/data
frame. Slave_Index is\the
number of slave and. its rarjge is
1 to V(Nmax_slave).

BUILD_PDU_IN Slave_index, None SRCSDU This function builds SRCSDHU to
request SRC to the input dpta

frame.(Slave_Index is the
number-of slave and its rarjge is
140"V (Nmax_slave).

STORE_PDU_OUT Slave_index, None None This function stores SRCSDU
SRCSDU, retrieved from SRC and regeives
Rcv_Sts status Rcv_Sts as received the

output data. Slave_Index ig the
number of slave and its rarjge is
1 to V(Nmax_slave).

STORE_PDU_IN Slave_index, None None This function stores SRCSDU
SRCSDU, retrieved from SRC and regeives
Rcv_Sts status Rcv_Sts as received the

input data. Slave_Index is fhe
number of slave and its rarjge is
1 to V(Nmax_slave).

GET_PA SRCPDU Noneg Node_ID This function takes out the|value
of the destination address field
of the specified SRCSDU.

GET_FT SRCSDU None frame_type This function takes out the|value
of the type field of the spegified
SRCSDU.

GET_MC SRCSDU None Flag This function takes out thelflag

of the C1/C2 in the message
control field of the specified
SRCSDU.

GET_LEN SRCSDU None Length This function takes out the|value
of the length field of the
specified SRCSDU.

GET_NODEAD Slave_index None Node_ID This function retrieves a
Node_ID corresponding to slave
number.

PUT_RETRY_LIST Slave_index None None This function registers the slave

number specified with
Slave_index to retry list, and
increments the value of
V(Nretry) that contains the
number of registered slave
number.

GET_RETRY_LIST none None Slave_index | This function retrieves a slave
number from retry list, and
decrements the value of
V(Nretry) that contains the
number of registered slave
number.

GET_CUR_RETRY None None Slave_index | This function retrieves a slave
LIST number from retry list.
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Function name

Parameter

Input

Output

Return

Value

Operation

EXEC_MSPM_R

Fc1c2, Rev_sts,
RcvSRCSDU

SndSRCSDU

none

This function calls the message
segmentation machine for the
responder of message
communication.

The parameter Fc1c2 is flag to
specify C1 message or C2
message. Rcv_sts and
RcvSRCSDU are receive status
and received SRCSDU
respectively that has been

I SO _CodoDOoo U iS
oTrto—oRGoOTToD

<l
PaSSeeoYy

SRCSDU to be sent.

EXEC| MSPM_IS

Ec1c2

SndSRCSDU

None

This function calls the\mespage
segmentation protocel maghine
for the initiator.ofMmessage]
communication|to process g
sending frame.

The parameters of this fungtion
are same as the parameters with
the same name of the funcjion
EXEC_MSPM_R.

EXEC| MSPM_IR

Ec1c2, Rev_sts,
RcvSRCSDU

None

None

This function calls the mespage
segmentation protocol maghine
for the initiator of message
communication to process p
received frame.

The parameters of this fung¢tion
are same as the parameters with
the same name of the funcjion
EXEC_MSPM_R.

STAR|T_TIMER

Tim_ID, Val

None

None

This function starts the tim
specified with Tim_ID in se
value Val. The timer is aut
reload type, which load the| set
value again when the timeris

timed up.

=D
=

STOP| TIMER

Tim_ID

None

None

This function stops the timegr
specified with Tim_ID.

RESTART_TIMER

Tim_ID

None

None

This function restarts the timer
specified with Tim_ID with the
set value specified by
START_TIMER.

EXPIRED_TIMER

Tim_ID

None

Flag

This function indicates the
status of the timer specifiefl with
Tim_ID.

CTC_BET.PAR

Var_ID, Val

Result

None

This function updates the
variable specified with Var|ID in

the DLE T the vatue specified
with Val.

CTC_GET_PAR

Var_ID

Val, Result

None

This function reads the current
value of the variable specified
with Var_ID in the DLE.

SET_CYC_DATA

SAP_ID,
Node_ID, DLSDU

None

None

This function updates the send
buffer for the 1/0 data exchange
that exists in CTC in the
specified data.

GET_CYC_DATA

SAP_ID,
Node_ID

DLSDU

Result

This function updates the
receive buffer for the I/0O data
exchange that exists in CTC in
the specified data.
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Function name

Parameter

Input

Output

Return

Value

Operation

CMP_RTIM Tim_ID, Val

None

Flag

This function compares the
remainder time of the timer
specified with Tim_ID with set
value Val. If the remainder time
is large, True is returned and if
it is small, False is returned.

CHECK_MSG_EN Msg_mst

None

Enable_flag

This function judges whether the
message communication that
the station specified with
Msg_mst operates as an initiator

following three conditions
satisfied, enable_flag'is tu
on:

re
ned

o faal VAL o
cam ot exXxecuretT—vveh ula

- The message| eommunidation
band is configured;

- DLS-user issued a requegst;

- Time.for message
communication remains.

GET_MSG_SLOT Msg_mst

None

msg_slot

This function outputs the p
of time slot for the messag
communication that the station

specified with Msg_mst opg¢rates
as an initiator.

EX_APD

Node_address

None

Slave_index

This function converts the
station address to slave number.

SND_MSG_TOKEN | None

None

None

This function transmits the|token
frame when time that Message
Token frame can be transnjitted
remains by the C2 messag
beginning time.
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6.2.3.2.4

6.2.3.2.4.1 C1 master

Protocol machine for cyclic communication consists of no time slot type

Figurg 27 and Table 61 show the state diagram and the state table of the C1 master to|which

no time slot type is applied.

IEC

Figure 27 — The state diagram of the C1 master for no time slot type
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Table 61 — The state table of the C1 master for no time slot type

No. Current state Event Next state
/condition
=>action
1 Any state Power on or CTC_Reset.req Activating
=> (none)
2 Activating CTC_Start.req Sync
=> START_TIMER(T(Tcycle), V(Tcycle))
CTC_Start.cnf { OK }
3 Activating CTC_Start.req Activating
=> CTC_Start.cnf { NG }
4 Sync EXPIRED_TIMER ( T(Tcycle) ) = "True" 10.Snd
=> START_TIMER( T(Tlatch) )
5 10_Snd SRCSDU:= BUILD_PDU_OUT(V(Nslave)) 10_Snd
Node_ID:= GET_DA(SndSRCSDU)
Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SRCSDU}
6 10_Snd SRC_Send_Frame.cnf { } 10_Rcv
=> (none)
7 10_Rcv SRC_Recv_Frame.ind {Rcv_sts, Length,"SRCSDU} 10_Rcv
/ (Rev_sts = OK)
=> STORE_PDU_IN(GET_SA(RevSRCSDU), SRCSDU, Rcv_sts)
8 IO_Rcv EXPIRED_TIMER ( T(Tlatch).)-= "True" Sync
=> STOP_TIMER ( T(Tlatch) )
9 Any state DL-WRITE-DATA.req(SAP_ID, DLSDU) Same state
=> Result:= SETCEYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-WRITE-DATA.cnf (Result)
10 Any state DL-READ-DATA.req(SAP_ID) Same state
=> Result:= GET_CYC_DATA(SAP_ID, Node_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)
6.2.3.2.4.2 C2 master
Figurg 28 and Table 62 show the state diagram and the state table of the C2 master to|which
no tin]e slot’type is applied.

S_Activating

IEC

Figure 28 — The state diagram of the C2 master for no time slot type
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Table 62 — The state table of the C2 master for no time slot type

No. Current state Event Next state
/condition
=>action
1 Any states Power on or CTC_Reset.req S_Activating
=> (none)
2 S_Activating CTC_Start.req S_Active
=> CTC_Start.cnf { OK }
3 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active
T((Rcv_sts = OK) && (GET_FT(RcvSRCSDU) = FT_SYNC))
=> (none)
4 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RcvSRCSDU } S_Active

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = MA) &&
(GET_FT(RcvSRCSDU) =FT_ASYNC))

=> SndSRCSDU:= BUILD_PDU_IN(1)

Node_ID:= V(MA)

Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SndSRCSDU}
STORE_PDU_OUT(1, RcvSRCSDU, Rcv_sts)

5 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length’\RcvSRCSDU } S_Active

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = Broadcast) &&
(GET_FT(RcvSRCSDU) = FT_ASYNC))

=> STORE_PDU_OUT(0, RcvSRESDU, Rcv_sts)
6 S_Active SRC_Recv_Frame.ind { R¢¥ \sts, Length, RcvSRCSDU } S_Active
/ ((Rev_sts = OK) && (GET_SA(RcvSRCSDU) = MonTarget?))

=> STORE_PDU_IN(GET_SA(RcvSRCSDU), RcvSRCSDU,
Rcv_sts)

7 S_Active DL-WRITE-DATA.req(SAP_ID, DLSDU) S_Active
=> Resuit:= SET_CYC_DATA(SAP_ID, DLSDU)
DL-WRITE-DATA cnf (Result)

8 S_Active DL-READ-DATA.req(SAP_ID) S_Active
=> Result:= GET_CYC_DATA(SAP_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

a8 Address of the)target slave to be monitored by the C2

6.2.3.2.4.3— Slave

Figure 29 and Table 63 show the state diagram and the state table of the slave to which no time
slot type is applied.
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S_Activating

3,4,56,7
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Table 63 — The state table of the Slave for no time slot type

No. Current state Event Next state
Icondition
=>action
1 Any states Power on or CTC_Reset.req S_Activating
=> (none)
2 S_Activating CTC_Start.req S_Active
=> CTC_Start.cnf { OK }
3 S_Active SRC_Recv_Frame.ind { Rcv_sts, Lengthy RevSRCSDU } S_Active

/ ((Rev_sts = OK) && (GET_FT(RcvSRCSDU) = FT_SYNC))
=> SndSRCSDU:= BUILD_PDU_IN(T

Node_ID:= V(MA)

Length:= GET_LEN(SndSRCSDU)

SRC_Send_Frame.req.{ Node_ID, Length, SndSRCSDU}
4 S_Active SRC_Recv_Frame.nd’{ Rcv_sts, Length, RecvSRCSDU } S_Active

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = MA) &&
(GET_FT(RcySRCSDU) = FT_ASYNC))

=> SndSRESDU:= BUILD_PDU_IN(1)

Node_ID:= V(MA)

Length:= GET_LEN(SndSRCSDU)
SRC_Send_Frame.req { Node_ID, Length, SndSRCSDU}
STORE_PDU_OUT(0, RcvSRCSDU, Rcv_sts)

5 S_Active SRC_Recv_Frame.ind { Rcv_sts, Length, RecvSRCSDU } S_Active

/ ((Rev_sts = OK) && (GET_DA(RcvSRCSDU) = Broadcast) &&
(GET_FT(RcvSRCSDU) = FT_ASYNC))

=> STORE_PDU_OUT(0, RcvSRCSDU, Rcv_sts)
6 S_Active DL-WRITE-DATA.req(SAP_ID, DLSDU) S_Active
=> Result:= SET_CYC_DATA(SAP_ID, DLSDU)
DL-WRITE-DATA.cnf (Result)

7 S_Active DL-READ-DATA.req(SAP_ID) S_Active
=> Result:= GET_CYC_DATA(SAP_ID, DLSDU)
DL-READ-DATA.cnf (Result, DLSDU)

6.2.3.2.5 Functions used by cyclic transmission machine for no time slot type

See Table 60.
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6.2.3.3 Message segmentation protocol machine
6.2.3.3.1 General

Message segmentation and the assembly specification of the message for the message
segmentation machine have two types of frame formats. They are described in the following
subclause.

The message communication is classified into two types according to the allocated band. The
first type is C1 message communication in which the C1 master operates as primary station
(initiator) and the slave or the C2 master operates as secondary station (responder). The
second type is C2 message communication in which the C2 master operates a primary station
and t:&e slave or the C1 master becomes a secondary station. The operation of the~pfimary

statiopf and the secondary station is the same although they are different with respectfto the
allocated band.

Messdge segmentation protocol machine is executed by the cyclic transmission prptocol
machire with the function call whose name is prefixed by "EXEC_MSPM_# Inthe state tgble of
the following subclause, the event "Call" means the function calls.

6.2.3.8.2 Segmentation for basic format DLPDU
6.2.3.8.2.1 Initiator for basic format DLPDU

Figurg 30 and Table 64 show the state diagram and the state table of an initiator of the mejssage
segmegntation machine when DLE adopts the basic format DLPDU.

CHIDLE M

16, 18,19 CH_RDATA

24, 25, 26) Y

CH_ABT 28, 29
L 30

IEC

Figure 30 — The state diagram of message initiator for basic format
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Table 64 — The state table of message initiator for basic format

No.

Current state

Event
Icondition
=>action

Next state

Any states

Power on or CTC_Reset.req
=>V(Nms_n):=0
V(Nmr_n):=0

CH_IDLE_M

CH_IDLE_M

DL-SDA.req{SAP_ID,Node_ID,Length,SndDLSDU}

=>V(Nms_n):=0
STORE _DLSDU(Ec1c2, Node ID, SndDLSDU)

CH_S_DATA

V(Nmsg_len_n):= Length
V(Nmsg_rem_len_n):= Length
V(Fmsg_sending_n):= True

CH_IDLE_M

EXEC_MSPM_IS(Ec1c2, SndSRCSDU)

=>V(Nmr_n):=0

V(Fmsg_sending_n):= False

V(Nmp_n):=1

SndSRCSDU:=

BUILD_PDU_BMSG(MF_S_RR, 0, V(Nmr_n), V(Nmp_n))

eH_.R_DATA

CH_IDLE_M

DL-ABORT-SDA.req { SAP_ID }

=> V(Fmsg_sending_n):= False

CH_ABT

CH_S_DATA

EXEC_MSPM_IS(Ec1c2, SndSRCSDU)
/ V(Npkt_len_n) >= V(Nmsg_rem_len_n)

=>V(Nmp_n) =1
SndSRCSDU:=
BUILD_PDU_BMSG(MF_I, V(Nms_n), V(Nmr_n), V(Nmp_n))

CH_S_DATA

CH_S_DATA

EXEC_MSPM_IS(Ec1c2, SndSRCSDU)
/ V(Npkt_len_n) < V(Nmsg_rem_len_n)

=>V(Nmp_n) =0

SndSRCSDU:=

BUILD_PDU_BMSG(MF_I, V(Nms_n), V(Nmr_n),V(Nmp_n))
V(Nmsg_rem_len_n):= V(Nmsg_rem_len_n) - V(Npkt_len_n)

CH_S_DATA

CH_S_DATA

EXEC_MSPM_IR(Ec1c2, Rev_sts, RevSRCSDU)

/ Rev_:sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& \GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)+1
&& V(Nmp_n) =1

=>V(Nms_n):= V(Nms_n) + 1
DL-SDA.cnf{ SND_OK }

CH_IDLE_M

CH_S DATA

EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& GET FT(RcvSRCSDU)=FT MSG

CH_S_DATA

&& GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)+1
&& V(Nmp_n) =0

=>V(Nms_n):= V(Nms_n) + 1

CH_S_DATA

EXEC_MSPM_IR(Ec1c2, Rev_sts, RevSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) <> V(Nms_n)+1

=> (none)

CH_S_DATA
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No. Current state Event Next state
Icondition
=>action
10 CH_S_DATA EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU) CH_IDLE_M
/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_RNR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)+1
&& V(Nmp_n) =1
=>V(Nms_n):= V(Nms_n) + 1
DL-SDA.cnf{ SND_OK }
11 CH_S_DATA EXEC_MSPM_IR(Ec1c2, Recv_sts. RcvSRCSDU) CH_IDLE
/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_RNR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)+1
&& V(Nmp_n) =0
=> DL-SDA.cnf{ SND_BUSY }
12 CH_S_DATA EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU) CH_IDLE_M
/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_RNR
&& GET_MC_NR(RcvSRCSDU) <> V(Nms_n)+1
=> DL-SDA.cnf{ SND_BUSY }
13 CH_S_DATA EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRESDU) CH_IDLE_M
/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU)=rMF_S_REJ
=> V(Nms_n):= 0, V(Nmr_n):=0
DL-SDA.cnf{ SND_ABT }
14 CH_S_DATA EXEC_MSPM_IR(Ec1e2;*Rcv_sts, RcvSRCSDU) CH_S_DATA
/ Rev_sts = OK
&& GET_FT(RevSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_I
=> ( none\)
15 CH_S_DATA DL-ABORT-SDA.req { SAP_ID } CH_ABT
=>("none )
16 CH_R_DATA EXEC_MSPM_IS(Ec1c2, SndSRCSDU) CH_R_DATA
=>V(Nmp_n):=1
SndSRCSDU:=
BUILD_PDU_BMSG(MF_S_RR,0,V(Nmr_n),V(Nmp_n))
17 CH_R_DATA EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU) CH_R_END
/ Rev_sts = OK
S~ SEFFTHRevSRESBY=FFMSE
&& GET_MC_FMT(RcvSRCSDU) = MF_I
&& GET_MC_NS(RcvSRCSDU) = V(Nmr_n)
&& GET_MC_F(RcvSRCSDU) =1
=>V(Nmr_n):= V(Nmr_n) + 1
STORE_PDU_MSG(Ec1c2, RcvSRCSDU)
18 CH_R_DATA EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU) CH_R_DATA

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_I
&& GET_MC_NS(RcvSRCSDU) = V(Nmr_n)
&& GET_MC_F(RcvSRCSDU) =0

=>V(Nmr_n):= V(Nmr_n) + 1
STORE_PDU_BMSG(RcvSRCSDU)
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No.

Current state

Event
Icondition
=>action

Next state

19

CH_R_DATA

EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_I

&& GET_MC_NS(RcvSRCSDU) <> V(Nmr_n)

=> ( none)

CH_R_DATA

20

CH_R_DATA

EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU)
/ Rev_sts = OK

CH_IDLE_M

&& GET_FT(RCVSRCSDUJ = FT_MSG)
&8& { (GET_MC_FMT(RcvSRCSDU) = MF_S_RR) ||
(GET_MC_FMT(RcvSRCSDU) = MF_S_RNR) }

=> ( none)

21

CH_R_DATA

EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_REJ

=>V(Nms_n):= 0, V(Nmr_n):= 0

CH_IDLE_N

22

CH_R_DATA

DL-ABORT-SDA.req { SAP_ID }

=> (none)

CH_ABT

23

CH_R_END

EXEC_MSPM_IS(Ec1c2, SndSRCSDU)

=>V(Nmp_n) =1
SndSRCSDU:=
BUILD_PDU_BMSG(MF_S_RR,0,V{(Nmr_n),V(Nmp_n))

CH_R_END|

24

CH_R_END

EXEC_MSPM_IR(Ec1c2, Revsts, RcvSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDW) = FT_MSG

&& { (GET_MC_FMT(RevSRCSDU) = MF_S_RR) ||
(GET_MC_FMT(RcvSRCSDU) = MF_S_RNR) }

=> Node_ID:= GET_SA(RcvSRCSDU)
DLSDU:= GET-DLSDU(Ec1c2)

Length:= GET_DLSDU_LEN(DLSDU)

DL-SDAind{ SAP_ID, Rcv_sts , Node_ID, Length, DLSDU}

CH_IDLE_N

25

CH_R_END

EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_REJ

=>V(Nms_n):= 0, V(Nmr_n):=0

CH_IDLE_N

26

CH_R_END

EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG

QQ A MO—EMTR cnoon
X O T _ IV _T W T {NCVOoONCoSoDo)— it _1

CH_R_END

=> (none)

27

CH_R_END

DL-ABORT-SDA.req { SAP_ID }

=> (none)

CH_ABT

28

CH_ABT

EXEC_MSPM_IS(Ec1c2, SndSRCSDU)

=>V(Nmp_n) =1
SndSRCSDU:= BUILD_PDU_BMSG(MF_S_REJ,0,0,V(Nmp_n))

CH_ABT

29

CH_ABT

EXEC_MSPM_IR(Ec1c2, Rev_sts, RevSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& { (GET_MC_FMT(RcvSRCSDU) = MF_S_RR) ||
(GET_MC_FMT(RcvSRCSDU) = MF_I) }

=> (none)

CH_ABT
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No. Current state Event Next state
Icondition
=>action
30 CH_ABT EXEC_MSPM_IR(Ec1c2, Recv_sts, RcvSRCSDU) CH_IDLE_M
/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG
&& { (GET_MC_FMT(RcvSRCSDU) = MF_S_RNR) ||
(GET_MC_FMT(RcvSRCSDU) = MF_S_REJ) }

=>V(Nms_n):= 0, V(Nmr_n):= 0
DL-ABORT-SDA.cnf

if (V(Fmsg_sending_n) = True) then
DL-SDA.cnf { SND ABT }
endif

31 Any state EXEC_MSPM_IR(Ec1c2, Rev_sts, RcvSRCSDU) Same-state

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) <> FT_MSG

=> ( none)
32 Any state EXEC_MSPM_IR(Ec1c2, Recv_sts, RcvSRCSDU) Same state
/ Rev_sts <> OK

=> ( none)

6.2.3.8.2.2 Responder for basic format DLPDU

Figurg 31 and Table 65 show the state diagram and the state table of a responder pf the
message segmentation machine when DLE adopts:basic format DLPLDU.

Figure 31 — The state diagram of message responder for basic format
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Table 65 — The state table of message responder for basic format

No.

Current state

Event
Icondition
=>action

Next state

Any states

Power on or CTC_Reset.req

=>V(Nms_n):=0
V(Nmr_n):=0

CH_IDLE_S

CH_IDLE_S

DL-SDA.req{SAP_ID,Node_ID,Length,SndDLSDU}

=>V(Nms_n):=0
STORE_DLSDU(Ec1c2, Node_ID, SndDLSDU)

CH_W_POLL

AWFANI | AV | ik
v RSg—reR— e nRgm

V(Nmsg_rem_len_n):= Length

V(Fmsg_sending_n):= True

CH_IDLE_S

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_I
&& GET_MC_NS(RcvSRCSDU) =0

&& GET_MC_F(RcvSRCSDU) =0

=>V(Nmr_n):=1

V(Fmsg_sending_n):= False
STORE_PDU_BMSG(Ec1c2, RcvSRCSDU)
V(Nmr_n):=1

V(Nmf_n) =1

SndSRCSDU:=
BUILD_PDU_BMSG(MF_S_RR,0,V(Nmr—n),V(Nmf_n))

CH W~ DATA

CH_IDLE_S

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FI_MSG
&& GET_MC_FMT(RcvSRGSDU) = MF_I
&& GET_MC_NS(RcvSRCSDU) =0

&& GET_MC_F(RcvSRESDU) =1

=>V(Nmr_n):=1

V(Nmf_n) =1

SndSRCSDU:=
BUILD_PDU-BMSG(MF_S_RNR,0,V(Nmr_n),V(Nmf_n))

STORE(PDU_MSG(Ec1c2, RevSRCSDU)
Node: ID’= GET_SA(RcvSRCSDU)

DLSPU:= GET_DLSDU(Ec1c2)

ength:= GET_DLSDU_LEN(DLSDU)

PL-SDA.ind{ SAP_ID, Rcv_sts , Node_ID, Length, DLSDU}

CH_IDLE_S

CH_IDLE_S

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& CHK_MCTL_IS(RcvSRCSDU,MF_]|) <> OK

=> V(Nmf_n) = 1
SndSRCSDU:=

CH_IDLE_S

BUILD_PDU_BMSG(MF_S_RNR,0,V(Nmr_n),V(Nmf_n))

CH_IDLE_S

DL-ABORT-SDA.req { SAP_ID }

=> V(Fmsg_sending_n):= False

CH_ABT

CH_W_POLL

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)
&& V(Nmsg_rem_len_n) =0

=> V(Nmf_n) = 1
SndSRCSDU:=
BUILD_PDU_BMSG(MF_S_RNR,0,V(Nmr_n),V(Nmf_n))
DL-SDA.cnf{ SND_OK }

CH_IDLE_S
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No.

Current state

Event
Icondition
=>action

Next state

CH_W_POLL

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)
&& V(Npkt_len_n) >= V(Nmsg_rem_len_n)

=> V(Nmf_n) = 1
SndSRCSDU:=
BUILD_PDU_BMSG(MF_I,V(Nms_n),V(Nmr_n),V(Nmf_n))

CH_W_POLL

NMNmea ram- lan n\-—
A} —teR—FH)-

..... g—Fe

CH_W_POLL

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) = V(Nms_n)
&& V(Npkt_len_n) < V(Nmsg_rem_len_n)

=>V(Nmf_n) =0

SndSRCSDU:=
BUILD_PDU_BMSG(MF_I,V(Nms_n),V(Nmr_n),V(Nmfiny))
V(Nms_n) = V(Nms_n) + 1

V(Nmsg_rem_len_n):= V(Nmsg_rem_len_n) - V(NpKtZlen_n)

CH_W(POLL

10

CH_W_POLL

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDUY, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_S_RR
&& GET_MC_NR(RcvSRCSDU) <>V (Nms_n)

=> SndSRCSDU:=
BUILD_PDU_BMSG(MF_LI,V(Nfs_n)-1,V(Nmr_n),V(Nmf_n))

CH_W_rollL

11

CH_W_POLL

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRESDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_RNR

=> SndSRCSDY:=
BUILD_PBU-BMSG(MF_I,V(Nms_n)-1,V(Nmr_n),V(Nmf_n))

CH_W_PolL

12

CH_W_POLL

EXEC. MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

L-Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_REJ

=>V(Nms_n):= 0, V(Nmr_n):= 0, V(Nmf_n) = 1
DL-SDA.cnf{ SND_ABT }

SndSRCSDU:=
BUILD_PDU_BMSG(MF_S_RNR,0,V(Nmr_n),V(Nmf_n))

CH_IDLE_S

13

CH/W_POLL

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

CH_W_PollL

TRcv_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_|

=> V(Nmf) = 1
SndSRCSDU:=
BUILD_PDU_BMSG(MF_S_RR,0,V(Nmr_n),V(Nmf_n))

14

CH_W_POLL

DL-ABORT-SDA.req { SAP_ID }

=> (none)

CH_ABT
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No.

Current state

Event
Icondition
=>action

Next state

15

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_I
&& GET_MC_NS(RcvSRCSDU) = V(Nmr_n)
&& GET_MC_F(RcvSRCSDU) =0

=> STORE_PDU_BMSG(Ec1c2, RcvSRCSDU)
V(Nmr_n):= V(Nmr_n) + 1
V(Nmf_n) =1

CH_W_DATA

SndSPocsDll-—

BUILD_PDU_MSG(MF_S_RR,0,V(Nmr_n),V(Nmf_n))

16

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU) = FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_I
&& GET_MC_NS(RcvSRCSDU) = V(Nmr_n)
&& GET_MC_F(RcvSRCSDU) =1

=> V(Nmr_n):= V(Nmr_n) + 1

V(Nmf_n) =1

SndSRCSDU:=
BUILD_PDU_MSG(MF_S_RNR,0,V(Nmr_n),V(Nmif, h))
STORE_PDU_MSG(Ec1c2, RcvSRCSDU)

Node_ID:= GET_SA(RcvSRCSDU)

DLSDU:= GET_DLSDU(Ec1c2)

Length:= GET_DLSDU_LEN(DLSDU)

DL-SDA.ind{ SAP_ID, Rcv_sts , Node)ID; Length, DLSDU}

CH_IDLE S

17

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& GET_FT(RcvSRCSDU)«=FT_MSG

&& GET_MC_FMT(RcvSRCSDU) = MF_I

&& GET_MC_NS(RcvSRESDU) <> V(Nmr_n)

=>V(Nmf_n) = 1
SndSRCSDU:=
BUILD_PDU_MSG(MF_S_RR,0,V(Nmr_n),V(Nmf_n))

CH_W_DATA

18

CH_W_DATA

EXEC_MSPM R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts= OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&&GET_MC_FMT(RcvSRCSDU) = MF_S_RR

=2 V(Nmf_n) = 1
SndSRCSDU:=
BUILD_PDU_MSG(MF_S_RR,0,V(Nmr_n),V(Nmf_n))

CH_W_DATA

19

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_REJ

CH_IDLE_S

=>V(Nms_n):= 0, V(Nmr_n):= 0, V(Nmf_n) =1
SndSRCSDU:=
BUILD_PDU_MSG(MF_S_RNR),0,V(Nmr_n),V(Nmf_n))

20

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) = FT_MSG
&& GET_MC_FMT(RcvSRCSDU) = MF_S_RNR

=>V(Nms_n):= 0, V(Nmr_n):= 0, V(Nmf_n) = 1
SndSRCSDU:=
BUILD_PDU_MSG(MF_S_RR),0,V(Nmr_n),V(Nmf_n))

CH_IDLE_S

21

CH_W_DATA

DL-ABORT-SDA.req { SAP_ID }

=> (none)

CH_ABT
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No. Current state Event Next state
Icondition
=>action

22 CH_ABT EXEC_MSPM_R(Fc1c2, Rev_sts, RcvSRCSDU, SndSRCSDU) CH_IDLE_S

/ Rev_sts = OK

=>V(Nms_n):= 0, V(Nmr_n):= 0, V(Nmf_n) = 1
DL-ABORT-SDA.cnf

if (V(Fmsg_sending_n) = True) then
DL-SDA.cnf{SND_ABT}

endif
SndSRCSDU:= BUILD_PDU_MSG(MF_S_REJ,0,0,V(Nmf_n))
23 Any state EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) Same state
/ Rev_sts = OK
&& GET_FT(RcvSRCSDU) <> FT_MSG
=> ( none)
24 Any state EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) Same state

/ Rev_sts <> OK

=> (none)

6.2.3.8.3 Segmentation for short format DLPDU
6.2.3.8.3.1 Initiator for short format DLPDU

Figurg 32 and Table 66 show the state diagram and.the state table of an initiator of the mejssage
segmeéntation machine when DLE adopts the short.format DLPDU.

4 N
CH.IDLE M
[y — GUTHTEA
11 12 14
27, 30, 34 CH_R.DATA CH_S_DATA 18.19
33, 35 |
g J
’ 28, 29,31, 32) v
CH_ABT
L 36

IEC

Figure 32 — The state diagram of message initiator for short format
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Table 66 — The state table of message initiator for short format

No.

Current state

Event
Icondition
=>action

Next state

Any states

Power on or CTC_Reset.req

=> (none)

CH_IDLE_M

CH_IDLE_M

DL-SDA.req{SAP_ID,Node_ID,Length,SndDLSDU}

=> V(Nmno_n) = GET_SMSG_NUM(Length)
STORE_DLSDU(Ec1c2, Node_ID, SndDLSDU)
V(Fmsg_sending_n):= True

CH_W_TACK

CH_IDLE_M

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):=0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
V(Fmsg_sending_n):= False

CH_W_RAdK

CH_IDLE_M

DL-ABORT-SDA.req{SAP_ID,Node_ID}

=> V(Fmsg_sending_n):= False

CH_ABT

CH_W_TACK

EXEC_MSPM_IS(Fc1c2, SndSRCSDU)

=>V(Nmsd_n):= 0, V(Nmend_n):= 0, V(Nms_n):= Q
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n)/(Nms_n))

CH_W_TAdK

CH_W_TACK

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRESBU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =0

=> (none)

CH_S_DATA

CH_W_TACK

EXEC_MSPM_IR(Fc1c2, REv  sts, RcvSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRESDU) = 0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcwSRCSDU) = ABT_NUM

=> DL-SDAcnf{ SND_ABT }

CH_IDLE_M

CH_W_TACK

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Réxv_sts = OK

&& CHK_SD(RcvSRCSDU) =0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcvSRCSDU) <> ABT_NUM

=> DL-SDA.cnf{ SND_ERR }

CH_IDLE_M

CH_W_TACK

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1)

CH_W_TAQK

=>—(romne)

10

CH_W_TACK

DL-ABORT-SDA.req{SAP_ID,Node_ID}

=> (none)

CH_ABT

11

CH_S_DATA

EXEC_MSPM_IS(Fc1c2, SndSRCSDU)
/ (V(Nmno_n)) > 1

=>V(Nmsd_n):= 1, V(Nmend_n):= 0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))

CH_S_DATA

12

CH_S_DATA

EXEC_MSPM_IS(Fc1c2, SndSRCSDU)
/ (V(Nmno_n)) =1

=>V(Nmsd_n):= 1, V(Nmend_n):= 1
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))

CH_S_DATA
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No.

Current state

Event
Icondition
=>action

Next state

13

CH_S_DATA

EXEC_MSPM_IS(Fc1c2, SndSRCSDU)
/ (V(Nmno)) < 1

=> ( none)

CH_ABT

14

CH_S_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 0
&& CHK_END(RcvSRCSDU) =0

CH_S_DATA

=>_f(l onaona )
ReHe—;

15

CH_S_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) =0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcvSRCSDU) = ABT_NUM

=> DL-SDA.cnf{ SND_ABT }

CH_IDLE -

16

CH_S_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) =0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcvSRCSDU) <> ABT_NUM

=> DL-SDA.cnf{ SND_ERR }

CH_IDLE_N

17

CH_S_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RevSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) = 1)

&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& V(Nmno_n) = 1

=> DL-SDA.cnf{ SND_OK\}

CH_IDLE_N

18

CH_S_DATA

EXEC_MSPM_IR(Fecl¢2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1)
&& CHK_S(R¢vSRCSDU) = V(Nms_n)

=>V(Nms/) n):= V(Nms_n) + 1
V(Nmno_n):= V(Nmno_n) — 1

CH_S_DATA

19

CH_S_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RevSRCSDU)

I Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1)
&& CHK_S(RcvSRCSDU) <> V(Nms_n)

=> ( none )

CH_S_DATA

20

CH_S DATA

DL-ABORT-SDA.req{SAP_ID,Node_ID}

=> (none)

CH_ABT

21

CH_W_RACK

EXEC_MSPM_IS(Fc1c2, SndSRCSDU)

=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= 0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))

CH_W_RACK

22

CH_W_RACK

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =0

=> ( none )

CH_IDLE_M
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No. Current state Event Next state
Icondition
=>action
23 CH_W_RACK EXEC_MSPM_IR(Fc1c2, Rev_sts, RevSRCSDU) CH_IDLE_M
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) = 1)
&& CHK_S(RcvSRCSDU) = ABT_NUM
=> ( none )
24 CH_W_RACK EXEC_MSPM_IR(Fc1c2, Rev_sts, RevSRCSDU) CH_R_DATA
/ Rev_sts = OK
&& CHR_SD(RCVSRCSDU) = U
&& CHK_END(RcvSRCSDU) = 1)
&& CHK_S(RcvSRCSDU) <> ABT_NUM
=> ( none )
25 CH_W_RACK EXEC_MSPM_IR(Fc1c2, Rev_sts, RevSRCSDU) CH_W_RAQK
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1)
=> (none)
26 CH_W_RACK DL-ABORT-SDA.req{SAP_ID,Node_ID} CH_ABT
=> (none)
27 CH_R_DATA EXEC_MSPM_IS(Fc1c2, SndSRCSDU) CH_R_DATA
=>V(Nmsd_n):= 0, V(Nmend_n):= 1
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
28 CH_R_DATA EXEC_MSPM_IR(Fc1c2, Rev_stsy RcvSRCSDU) CH_IDLE_M
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU)=0
&& CHK_END(RcvSRCSDU) =0
=> (none)
29 CH_R_DATA EXEC_MSPM_IR(Fc1c2, Rcv_sts, RecvSRCSDU) CH_IDLE_M
/ Rev_sts = ©OK
&& CHK~SP(RcvSRCSDU) = 0
&& CHK_END(RcvSRCSDU) = 1)
&& CHK_S(RcvSRCSDU) = ABT_NUM
=>("none )
30 CH_R_DATA EXEC_MSPM_IR(Fc1c2, Rcv_sts, RcvSRCSDU) CH_R_DATA
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) = 1)
&& CHK_S(RcvSRCSDU) <> ABT_NUM
=> (none)
31 CH_R_DATA EXEC_MSPM_IR(FcTc2, Rcv_sts, RcvSRCSDU) CH_IDLE_WV

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) = 1)

&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& (CHK_END(RcvSRCSDU) = 1)

=> Node_ID:= RcvSRCSDU.SA
STORE_PDU_MSG(Ec1c2, RevSRCSDU)

DLSDU:= GET_DLSDU(Ec1c2))

Length:= GET_DLSDU_LEN(DLSDU)

DL-SDA.ind{ SAP_ID, Rcv_sts , Node_ID, Length, DLSDU}
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Current state

Event
Icondition
=>action

Next state

32

CH_R_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) = 1)

&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& (CHK_END(RcvSRCSDU) = 0)

&& CHK_MRBUF() = OK

=>V(Nms_n):= V(Nms_n) + 1
STORE_PDU_MSG(Ec1c2, RcvSRCSDU)

CH_IDLE_M

33

CH_R_DATA

EXEC_MSPM_IR(Fc1c2. Recv_sts, RevSRCSDU)

CH_ABT

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) = 1)

&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& (CHK_END(RcvSRCSDU) = 0)

&& CHK_MRBUF() <> OK

=> ( none )

34

CH_R_DATA

EXEC_MSPM_IR(Fc1c2, Rev_sts, RcvSRCSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1)
&& CHK_S(RcvSRCSDU) <> V(Nms_n))

=> ( none )

CH_R_DATA

35

CH_R_DATA

DL-ABORT-SDA.req{SAP_ID,Node_ID}

=> (none)

CH_ABT

36

CH_ABT

EXEC_MSPM_IS(Fc1c2, SndSRCSDU)

=>V(Nmsd_n):= 0, V(Nmend_n):=41, V(Nms_n):= ABT_NUM

SndSRCSDU:=

BUILD_PDU_SMSG(V(Nmsé_*n),V(Nmend_n),V(Nms_n))

DL-ABORT-SDA.cnf

if (V(Fmsg_sending_n)= True) then
DL-SDA.cnf{SND=ABT}
endif

CH_IDLE_M

37

Any state

EXEC_MSPMZIIR(Fc1c2, Rcv_sts, RecvSRCSDU)
/ Rev_sts > OK

=> (\none )

Same state

6.2.3.

Figurg
messeé

B.3.2 Responder for short format DLPDU

33 and_Table 67 show the state diagram and the state table of a responder pf the
ge segmentation machine when DLE adopts short format DLPDU.
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/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =0

=> V(Nmsd_n):= 0, V(Nmend_n):= 0, V(Nms_n):= 0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
V(Fmsg_sending_n):= False

4 A
CH.IDLE_S
( 3
CH_ W SYNCR 19
< ZOJ 16,17 .
> )
B 9,10, 11, 13) v
CH_ABT
\ 29
IEC
Figure 33 — The state diagram of message responder for short format
Table 67 — The state table of message responder for short format
No. Current state Event Next st3te
/condition
=>action
1 Any states Power on or CTC_Reset.req CH_IDLE_S
=> (none)
2 CH_IDLE_S DL-SDA.req{SAP_ID,Node_ID,Length,SndDLSDU} CH_W_SYNCR
=> V(Nmno) = GET_SMSG_NUM(Length)
STORE_DLSDU(Ec1c2, Node_ID, SndDLSDU)
V(Fmsg_sending_n):= True
3 GH/JDLE_S DL-ABORT-SDA.req{SAP_ID,Node_ID} CH_ABT
=> V(Fmsg_sending_n):= False
4 CH_IDLE_S EXEC_MSPM_R(Fc1c2, Rev_sts, RcvSRCSDU, SndSRCSDU) CH_W_DATA
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No.

Current state

Event
Icondition
=>action

Next state

CH_IDLE_S

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) =0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcvSRCSDU) = ABT_NUM

=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))

CH_IDLE_S

CH_IDLE_S

EXEC_MSPM_R(Fc1c2. Rev_sts. RevSRCSDU, SndSRCSDU)

CH_IDLE_S

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) =0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcvSRCSDU) <> ABT_NUM

=>V(Nmsd_n):= 0, V(Nmend_n):= 0, V(Nms_n):= 0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))

CH_IDLE_S

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRGSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1

=>V(Nmsd_n):= 0, V(Nmend_n):= 0, V(Nms_n):50
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_.n);V(Nms_n))

CH_IDLE_S

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRESDU, SndSRCSDU)

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =,0

=> SndSRCSDU:= BUILD_*PDU_LAST_SMSG()

CH_W_DATA

CH_W_DATA

EXEC_MSPM_R(Fc1cZRev_sts, RevSRCSDU, SndSRCSDU)

/ Rev_sts = OK

&& CHK_SD(Re¥SRCSDU) =0

&& CHK_END(RcvVSRCSDU) =1

&& CHK_S(R¢vSRCSDU) = ABT_NUM

=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))

CH_IDLE_S

10

CH_W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SnhdSRCSDU)

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) =0

&& CHK_END(RcvSRCSDU) =1

&& CHK_S(RcvSRCSDU) <> ABT_NUM

=> SndSRCSDU:= BUILD_PDU_LAST_SMSG()

CH_IDLE_S

11

CH’W_DATA

EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU)

CH_IDLE_S

/ Rev_sts = OK

&& CHK_SD(RcvSRCSDU) = 1

&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& CHK_END(RcvSRCSDU) =1

=> V(Nmsd_n):= CHK_SD(RcvSRCSDU)

V(Nmend_n):= CHK_END(RcvSRCSDU)

V(Nms_n):= CHK_S(RcvSRCSDU)

SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
STORE_PDU_MSG(Ec1c2, RcvSRCSDU)

Node_ID:= RcvSRCSDU.SA

DLSDU:= GET_DLSDU(Ec1c2))

Length:= GET_DLSDU_LEN(DLSDU)

DL-SDA.ind{ SAP_ID, Rcv_sts , Node_ID, Length, DLSDU}
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No. Current state Event Next state
Icondition
=>action
12 CH_W_DATA EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_W_DATA
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1
&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& CHK_END(RcvSRCSDU) =0
&& CHK_MRBUF() = OK
=> V(Nmsd_n):= CHK_SD(RcvSRCSDU)
V(Nmend_n):= CHK_END(RcvSRCSDU)
V(Nms_n):= CHK_S(RcvSRCSDU)
CndCP‘f‘CDI I:—
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
V(Nms_n):= V(Nms_n) + 1
STORE_PDU_MSG(Ec1c2, RcvSRCSDU)
13 CH_W_DATA EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_IDLE_S
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1
&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& CHK_END(RcvSRCSDU) =0
&& CHK_MRBUF() <> OK
=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n)V(Nms_n))
14 CH_W_DATA EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDUY, SndSRCSDU) CH_W_DATA
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1
&& CHK_S(RcvSRCSDU) <> V(Nms._n)
=> SndSRCSDU:= BUILD_PDU_LAST_SMSG()
15 CH_W_DATA DL-ABORT-SDA.req{SAPID,Node_ID} CH_ABT
=> ( none)
16 CH_W_SYNCR EXEC_MSPM_R(Feic2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_IDLE_S
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 0
&& CHK_END(RcvSRCSDU) =0
=> SndSRCSDU:= BUILD_PDU_LAST_SMSG()
DL<SDA.cnf{ SND_ERR }
17 CH_W_SYNCR EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_IDLE_S
! Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =1
&& CHK_S(RcvSRCSDU) = ABT_NUM
=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
DL-SDA.cnf{ SND_ABT J
18 CH_W_SYNCR EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_W_POLL
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =1
&& CHK_S(RcvSRCSDU) <> ABT_NUM
=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= 0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
19 CH_W_SYNCR EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_W_SYNCR

/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1

=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= 0
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
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/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1
&& CHK_S(RcvSRCSDU) <> V(Nms_n)

=> SndSRCSDU:= BUILD_PDU_LAST_SMSG()

No. Current state Event Next state
Icondition
=>action
20 CH_W_SYNCR DL-ABORT-SDA.req{SAP_ID,Node_ID} CH_ABT
=> ( none)
21 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_IDLE_S
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =0
=> SndSRCSDU:= BUILD_PDU_LAST_SMSG()
DL-SDA.cnf{ SND_ERR }
22 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_IDLE}S
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =1
&& (CHK_S(RcvSRCSDU) = ABT_NUM
=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
DL-SDA.cnf{ SND_ABT }
23 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_W_POUL
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) =0
&& CHK_END(RcvSRCSDU) =1
&& (CHK_S(RcvSRCSDU) <> ABT_NUM
=> SndSRCSDU:= BUILD_PDU_LAST/ SMSG()
24 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_W_POUL
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDUy=
&& CHK_S(RcvSRCSDU),="V(Nms_n)
&& V(Nmno_n) > 1
=> V(Nmsd_n):= CHK_SD(RcvSRCSDU)
V(Nmend_n):= CHK_END(RcvSRCSDU)
V(Nms_n):=CHK__S(RcvSRCSDU)
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
V(Nms_m):=*V(Nms_n) + 1
V(Nmno=n):= V(Nmno_n) — 1
25 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rcv_sts, RevSRCSDU, SndSRCSDU) CH_IDLE_S
Rcv_sts = OK
&& CHK_SD(RcvSRCSDU) = 1
&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& V(Nmno_n) =1
=> V(Nmsd_n):= CHK_SD(RcvSRCSDU)
V(Nmend_n):=0
V(Nms_n):= CHK_S(RcvSRCSDU)
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
DL-SDA.cnf{ SND_OK J
26 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_ABT
/ Rev_sts = OK
&& CHK_SD(RcvSRCSDU) = 1
&& CHK_S(RcvSRCSDU) = V(Nms_n)
&& V(Nmno_n) < 1
=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=
BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
DL-SDA.cnf{ SND_ERR }
27 CH_W_POLL EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) CH_W_POLL
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No. Current state Event Next state
Icondition
=>action
28 CH_W_POLL DL-ABORT-SDA.req{SAP_ID,Node_ID} CH_ABT
=> ( none)
29 CH_ABT EXEC_MSPM_R(Fc1c2, Rev_sts, RcvSRCSDU, SndSRCSDU) CH_IDLE_S
=>V(Nmsd_n):= 0, V(Nmend_n):= 1, V(Nms_n):= ABT_NUM
SndSRCSDU:=

BUILD_PDU_SMSG(V(Nmsd_n),V(Nmend_n),V(Nms_n))
DL-ABORT-SDA.cnf

if (V(Fmsg_sending_n) = True) then
DL-SDA.CN{SND_ABT}

endif
30 Any state EXEC_MSPM_R(Fc1c2, Rev_sts, RevSRCSDU, SndSRCSDU) Same.state
/ Rev_sts <> OK
=> (none)
6.2.3.8.4 Functions used by message segmentation protocol machine

(1)

Table |68 shows the list of functions which is used by the message‘segmentation machin

Table 68 — List of functions used by the message' segmentation machine

Function name Parameter Return Operation
Input Output Value
STORE_DLSDU Ec1c2, Node_ID, | None none This function stores [the
DLS- DLS-user data of thg
user_message message into the inflernal
buffer.
GET_pLSDU Ec1c2 None DLS- This function retrieves the

user_message DLS-user message
received from the remote

station.
GET_PLSDU_LEN DLS- None length This function retrieves the
user_message data length of the DLS-

user message receiyed
from the remote statjion.

BUILD_PDU_BMSG mframe_type, None SRCSDU This function builds fhe
Ns, SRCSDU to be sent
Nr
flab The input parametens are
the value that to be
contained the MCTL|field
of the message frame.
STOREFPBUBMSS Ectc2SRESBU—TNome TToTTE Fhisfunctiomrstores the
received SRCSDU into
the internal buffer to
assemble DLSPDU.
GET_SA SRCPDU None Node_ID This function takes out
the value of the source
address field of the
specified SRCSDU.
GET_MC_FMT SRCSDU None mframe_type This function takes out

the message type from
the MCTL field of the
specified SRCSDU.

GET_MC_NR SRCSDU None Nr This function takes out
the value of Nr from the
MCTL field of the
specified SRCSDU.
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