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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-21: Application layer service definition —
Type 21 elements

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available Specmcatlons (PAS) and Guijdes

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

and are accepted by IEC National
Committees in that sense. While all reasonable effqrts \ t re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.

8) AttentionN Y ) ative references cited in this publication. Use of the referenced publications is
et application of this publication.

9) Attention is drawr e possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shalil not be held responsible for identifying any or all such patent rights.

NOTE Use of some of the associated protocol types is restricted by their intellectual-property-right holders. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a particular data-link layer protocol type to be used with physical layer and application layer protocols in type
combinations as specified explicitly in the profile parts. Use of the various protocol types in other combinations
may require permission of their respective intellectual-property-right holders.

International Standard I|EC 61158-5-21:2010 has been prepared by subcommittee 65C:
Industrial networks, of IEC technical committee 65: Industrial-process measurement, control
and automation.

This standard cancels and replaces IEC/PAS 62573 published in 2008. This first edition
constitutes a technical revision.
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This bilingual version published in 2012-01 corresponds to the English version published in
2010-08.

The text of this standard is based on the following documents:

FDIS Report on voting
65C/606/FDIS 65C/620/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version has not been voted upon.

* reconfirmed;
e withdrawn;

* replaced by a revised edition, or
¢ amended.

NOTE The revision of this standa e other parts of the IEC 61158 series.
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INTRODUCTION

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

The application service is provided by the application protocol making use of the services
available from the data-link or other immediately lower layer. This standard defines the
application service characteristics that fieldbus applications and/or system management may
exploit.

Throughout the set of fieldbus standards, the term “service” refers to the=a
provided by one layer of the OS| Basic Reference Model to the layer im
the application layer service defined in this standard is a conceptua
independent of administrative and implementation divisions.

O
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 5-21: Application layer service definition —
Type 21 elements

1 Scope

1.1 Overview

Njeans to _access the
idered\a window

The Fieldbus Application Layer (FAL) provides user programs with 3
fieldbus communication environment. In this respect, the FAL can ke con
between corresponding application programs.

messaging communications between application programg”i 1 an Mati erfvironment as
well as material specific to the Type 21 protocol. The term™;i ' is ysed to represent
the presence of a time-window within which one or m6re sp i onsvare required to be
completed with some defined level of certainty. Fajlure cified actions within

the time window risks failure of the applications re bi i , with attendant risk to
equipment, plant, and possibly human Jife.

This standard defines, in an abstract wa | iSi service provided by the FAL in
terms of:

b) the primitive a

c) the para r
take;

the interrelaf

This standard describes the structure and services of the IEC FAL, in conformance with the
OSI| Basic Reference Model (ISO/IEC 7498) and the OSI Application layer Structure
(ISO/IEC 9545).

FAL services and protocols are provided by FAL application entities (AEs) contained in the
application processes. The FAL AE is composed of a set of object-oriented Application
Service Elements (ASEs) and a Layer Management Entity (LME) that manages the AE. The
ASEs provide communication services that operate on a set of related application process
object (APO) classes. One of the FAL ASEs is a management ASE that provides a common
set of services for management of the instances of FAL classes.

Although these services specify how requests and responses are issued and delivered from
the perspective of applications, they do not include a specification of what the requesting and
responding applications are to do with them. That is, these services only define what requests
and responses applications can send or receive, not the functions of the applications
themselves. This permits greater flexibility to the FAL-users in standardizin i

P 9 Y I P8 ctiffients
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behavior. In addition to these services, some supporting services are also defined in this
standard to provide access to the FAL to control certain aspects of its operation.

1.2 Specifications

The principal objective of this standard is to specify the characteristics of conceptual
application layer services suitable for time-critical communications, and thus supplement the
OSI Basic Reference Model in guiding the development of application layer protocols for time-
critical communications.

A secondary objective is to provide migration paths from previously existing industrial
communications protocols. This latter objective gives rise to the diversity of services
standardized as the various types of IEC 61158, and the corresponding protocols
standardized in subparts of IEC 61158-6.

This standard may be used as the basis for formal applicatio
Nevertheless, it is not a formal programming interface, and an

1.3 Conformance

This standard does not specify individ
the implementations of application laye

toapp ication layer service definition standard.
the~implementation of conforming application layer

IEC 61158-2:20MQ1, /wdustrial communication networks — Fieldbus specifications — Part 2:
Physical layer specification and service definition

IEC 61158-3-21:20101, Industrial communication networks - Fieldbus specifications -
Part 3-21: Data-link layer service definition — Type 21 elements

IEC 61158-4-21:20101, Industrial communication networks - Fieldbus specifications -
Part 4-21: Data-link layer protocol specification — Type 21 elements

IEC 61158-6-21:20101, Industrial communication networks - Fieldbus specifications -
Part 6-21: Application layer protocol specification — Type 21 elements

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

1 To be published. Documents
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ISO/IEC 7498-3, Information technology — Open Systems Interconnection — Basic Reference
Model: Naming and addressing

ISO/IEC 8822, Information technology — Open Systems Interconnection — Presentation
service definition

ISO/IEC 9545, Information technology — Open Systems Interconnection — Application layer
structure

ISO/IEC 10731:1994, Information technology — Open Systems Interconnection — Basic
Reference Model — Conventions for the definition of OSI services

3 Terms, definitions, symbols, abbreviations, and conventi

3.1 Terms and definitions from other ISO/IEC standards

3.1.1 ISO/IEC 7498-1 terms

[

application entity

[}

application process

Q O

)
)
) application protocol data unit
)
)

application service element
application entity invocation
) application process invocation
g) application transaction

- O

h) real open system

i) transfer syntax

3.1.2 ISO/IEC 882
a) abstract synt

b) presentation cg

3.1.3

a) applicatio

b) appli

c) applicatior
d) application-en

e) application-entity-type

f) application-process-invocation

g) application-process-type

h) application-service-element

i) application control service element

3.2 Fieldbus data link layer terms

For the purposes of this document, the following terms as defined in IEC 61158-3-21:2010
and IEC 61158-4-21:2010 apply.

a) DL-Time

b) DL-Scheduling-policy

DLCEP
°) Documents

Document Sharing Hub
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d) DLC

e) DL-connection-oriented mode

f) DLPDU

g) DLSDU

h) DLSAP

k) link

I) ISO/IEC 8802-3:2000 MAC address
m) DL-entity identifier

3.3 Fieldbus application layer specific definitions

3.3.1
application
function or data structure for which data are consumed or produced

3.3.2

application objects
multiple object classes that manage and provide a runtin
network and within the network device

gages across the

3.3.3

application process
part of a distributed application on a ne
unambiguously

\ is located pn one device and addressed

3.34
application process ide
distinguishes multiple 3

3.3.5

application pro
component of an “ag
application relatigr

NOTE Applicagionp jex fiqitions are composed of a set of values for the attributes of their class (see
the definition for © icati object class”). Application process object definitions may be accessed
remotely uging.\the i Object Management ASE. FAL Object Management services can be used to

3.3.6
application process object class

class of application process objects defined in terms of the set of their network-accessible
attributes and services

3.3.7

application relationship

cooperative association between two or more application-entity-invocations for the purpose of
exchange of information and coordination of their joint operation

NOTE This relationship is activated either by the exchange of application-protocol-data-units or as a result of
preconfiguration activities.

3.3.8

application relationship application service element

application-service-element that provides the exclusive means for establishing and
terminating all application relationships

Documents
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3.3.9

application relationship endpoint

context and behavior of an application relationship as seen and maintained by one of the
application processes involved in the application relationship

NOTE Each application process involved in the application relationship maintains its own application relationship
endpoint.

3.3.10
attribute
description of an externally visible characteristic or feature of an object

NOTE The attributes of an object contain information about variable portions of an object
status information or govern the operation of an object. Attributes may also affect thé¢
Attributes are divided into class attributes and instance attributes.

pically, they provide
avjior of an object.

3.3.11
behavior
indication of how an object responds to particular events

3.3.12

channel

single physical or logical link of an input or output app i j erver to the process
3.3.13

class

set of objects, all of which represent the S e gmponent

NOTE A class is a generalization of an obje¢t, a wplateNfornd ng variables and methods. All objects in a
class are identical in form and behavior, b ally cqQ differentdata in their attributes.

3.3.14

class attributes

attribute shared bial a.class

3.3.15
class code

performed by asxgommyn service

NOTE A class-specific object is unique to the object class that defines it.

3.3.17
client
a) object that uses the services of another (server) object to perform a task

b) initiator of a message to which a server reacts

3.3.18
consume
act of receiving data from a producer

3.3.19
consumer
node or sink that receives data from a producer
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3.3.20
consuming application
application that consumes data

3.3.21
conveyance path
unidirectional flow of APDUs across an application relationship

3.3.22
cyclic
repetitive in a regular manner

3.3.23

data consistency
means for coherent transmission and access of the input- or outpu
within client and server

between and

3.3.24
device
physical hardware connected to the link

NOTE A device may contain more than one node.

3.3.25

device profile
a collection of device-dependent informa
similar devices of the same device type

providing consistency between

3.3.26
diagnostic information
all data available at th

3.3.27 Q
end node

producing or consun

3.3.28
endpoint
one of th entities involved in a connection

3.3.29
error
discrepancy between a computed, observed, or measured value or condition and the specified
or theoretically correct value or condition

3.3.30
error class
general grouping for related error definitions and corresponding error codes

3.3.31
error code
identification of a specific type of error within an error class

3.3.32
event
instance of a change of conditions
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3.3.33

FIFO variable

variable object class composed of a set of homogeneously typed elements, where the first
written element is the first element that can be read

NOTE In a fieldbus system, only one complete element can be transferred as a result of one service invocation.

3.3.34
frame
simplified synonym for data link protocol data unit (DLPDU)

3.3.35

group
a) (General): a general term for a collection of objects

b) (Addressing): when describing an address, an address that exthan one

entity

3.3.36
invocation
act of using a service or other resource of an application p

from other outstanding service invocations.

3.3.37
index
address of an object within e

3.3.38

instance

actual physical r
the same object
EXAMPLE c

NOTE The term

3.3.39

3.3.40
instantiated
object that has been created in a device

3.3.41

logical device

specific FAL class that abstracts a software component or a firmware component as an
autonomous self-contained facility of an automation device

3.3.42
manufacturer ID
identification of each product manufacturer by a unique number
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3.3.43

management information

network-accessible information that supports management of the operation of the fieldbus
system, including the application layer

NOTE Managing includes functions, such as controlling, monitoring, and diagnosis.

3.3.44

network

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

3.3.45
object
abstract representation of a particular component within a device, {usua lection of
related data in the form of variables, and methods (procedures) for dparati data that

have clearly defined interface and behavior

3.3.46

object dictionary
collection of definitions, communication-specific attrip
dependent data

3.3.47
object-specific service
service unique to the object class that ds

3.3.48
physical device
automation or other netwo

3.3.49
point-to-point @
connection that e g o application objects

3.3.50
pre-establis
AR endpoint\p
endpoints

3.3.51
process data
object(s) that are already pre-processed and transferred cyclically for the purpose of
information or further processing

3.3.52
produce
act of sending data to be received by a consumer

3.3.53
producer
node that is responsible for sending data

3.3.54

property
general term for descriptive information about an object
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3.3.55
provider
source of a data connection

3.3.56

publisher

role of an AR endpoint that transmits APDUs onto the fieldbus for consumption by one or
more subscribers

NOTE A publisher may not be aware of the identity or number of subscribers.

3.3.57

publishing manager
role of an AR endpoint in which it issues one or more confirmed servigg request application
protocol data units (APDUs) to a publisher to request that a specifi€éd objest{ be\published.
Two types of publishing managers are defined by this standard, pu blishil
push publishing managers, each of which is defined separately.

3.3.58
push publisher
type of publisher that publishes an object in an unconfi

3.3.59

push publishing manager
type of publishing manager that ref§ S ifi ject be published using an
unconfirmed service

3.3.60
push subscriber
type of subscriber that recq i med service request APDUs as published
object data

3.3.61
server

3.3.62

service
operation orfu
object and/or obje

3.3.63
station
host of one AP, identified by a unique data link connection endpoint (DLCEP)-address

3.3.64
subscriber
role of an AREP in which it receives APDUs produced by a publisher
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3.4 Abbreviations and symbols

AE Application Entity

AL Application Layer

ALME Application Layer Management Entity
ALP Application Layer Protocol

APO Application Object

AP Application Process

APDU Application Protocol Data Unit

AR Application Relationship

AREP Application Relationship End Point
ASCII American Standard Code for Information Interchan
ASE Application Service Element

Cnf Confirmation

DL- (as a prefix) Data Link -

DLCEP Data Link Connection End Point

DLL Data Link Layer

DLM Data Link Management

DLSAP Data Link Service Ascess P&

DLSDU DL-service-data-unit

DNS Domain Name Servide

FAL Fieldbus
Ind Indicatio

Req Req

Rsp @p

3.5 Conventions$

3.5.1

The FAL a\ set df object-oriented ASEs. Each ASE is specified in a separate
subclause, E_spegification is composed of two parts: its class specification and its
service specificati

The class specification defines the attributes of the class. Access to these attributes is
beyond the scope of this document except where specified. The service specification defines
the services provided by the ASE.

3.5.2 General conventions

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

3.5.3 Conventions for class definitions

Class definitions are described using templates. Each template consists of a list of attributes
for the class. The general form of the template is as shown below:
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FAL ASE: ASE name

CLASS: Class name

CLASS ID: #

PARENT CLASS: Parent class name
ATTRIBUTES:

1 (o) Key Attribute:  numeric identifier

2 (o) Key Attribute: name

3 (m) Attribute: attribute name(values)
4 (m) Attribute: attribute name(values)
4.1 (s) Attribute: attribute name(values)
4.2 (s) Attribute: attribute name(values)
4.3 (s) Attribute: attribute name(values)
5 (c) Constraint: constraint expression
5.1 (m) Attribute: attribute name(values)
5.2 (o) Attribute: attribute name(values)
6 (m) Attribute: attribute name(values)
6.1 (s) Attribute: attribute name(values)
6.2 (s) Attribute: attribute name(values)
SERVICES:

1 (o) OpsService: service name

2 (c) Constraint: constraint expression
2.1 (o) OpsService: service napfe

3 (m) MgtService: service name

(1) The FAL ASE: entry is the name
being specified.

(3) The CLASS
not used for T

(5) The ATTRIBUJIES)label indicates that the following entries are attributes defined for the
class.

a) Each of the attribute entries contains a line number in column 1; a mandatory (m),
optional (o), conditional (c), or selector (s) indicator in column 2; an attribute type label
in column 3; a name or a conditional expression in column 4; and an optional list of
enumerated values in column 5. In the column following the list of values, the default
value for the attribute may be specified.

b) Objects are normally identified by a numeric identifier or by an object name, or by both.
In the class templates, these key attributes are defined under the key attribute.

c)

The line number defines the sequence and the level of nesting of the line. Each
nesting level is identified by period. The numbers below refer to the general template
form above. Nesting is used to specify:

i)
i)

fields of a structured attribute (4.1, 4.2, 4.3);

attributes conditional on a constraint statement. Attributes may be mandatory (5.1)
or optional (5.2) if the constraint is true. Not all optional attributes require
constraint statements as does the attribute defined in (5.2); Documents
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iii) the selection fields of a choice type attribute (6.1 and 6.2).
(6) The SERVICES label indicates that the following entries are services defined for the class.

a) An (m) in column 2 indicates that the service is mandatory for the class, while an (o)
indicates that it is optional. A (c) in this column indicates that the service is conditional.
When all services defined for a class are defined as optional, at least one has to be
selected when an instance of the class is defined.

b) The label “OpsService” designates an operational service (1).
c) The label “MgtService” designates a management service (2).

d) The line number defines the sequence and the level of nesting of the line. Each
nesting level is identified by period. Nesting within the list of services is used to specify
services conditional on a constraint statement.

3.5.4 Conventions for service definitions

3.5.4.1 General

3.5.4.2 Service parameters

user/provider mteractlon
explicitly.

a) parameter nam

b) request g $iv

c) indication priy

d) response

e) confirpationh pr
One parg nt, is listed in each row of each table. Under the appropriate
service p s code is used to specify the type of usage of the parameter on the

M The parameter is mandatory for the primitive.

U The parameter is a user option, and may or may not be provided depending on
dynamic usage of the service user. When not provided, a default value for the
parameter is assumed.

C The parameter is conditional upon other parameters or upon the environment of the
service user.

— (blank) The parameter is never present.
S The parameter is a selected item.

Some entries are further qualified by items in parentheses. These may be:

a) a parameter-specific constraint:

“(=)” indicates that the parameter is semantically equivalent to the parameter in the
service primitive to its immediate left in the table;

b) an indication that some note applies to the entry:
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“(n)” indicates that the following note “n” contains additional information pertaining to
the parameter and its use.

3.543 Service procedures
The service procedures are defined in terms of:

a) The interactions between application entities through the exchange of fieldbus APDUs;

b) The interactions between an application layer service provider and an application layer
service user in the same system through the invocation of application layer service
primitives.

These procedures are applicable to instances of communication bet
support time-constrained communications services within the fieldbus app

een systems that

4 Concepts

4.1 Common concepts
411 Overview

The fieldbus is intended to be used in factories and proces y interconnect primary
automation devices (e.g., sensors, actuatg devices, annunciators,
programmable logic controllers, small single | standalone field controls)

4.1.2 Architectural relationships
4.1.21 Relationship to the application layer of the OSI Basic Reference Model

The functions of the FAL have been described according to OSI layering principles. However,
the FAL’s architectural relationship to the lower layers is different, as follows (see Figure 1):

a) the FAL groups OSI functions together with extensions to cover time-critical
requirements. The OSI application layer structure standard (ISO/IEC 9545) was used
as a basis for the FAL specification;

b) the FAL directly uses the services of the underlying layer. The underlying layer may be
the DLL or any layer in between. When using the underlying layer, the FAL may
provide functions normally associated with the OSI middle layers for proper mapping
onto the underlying layer.
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/_O_Sm Fieldbus userlm

OSI application layer Fieldbus application layer
OSI middle layers (possibly non-existent)

OSl data link layer Fieldbus data link layer
OSI physical layer Fieldbus physical Iayer/\

| | O\
Physical medium Physical m@&n\\ Q

Figure 1 — Relationship to the OSI Basic Reference~Model

4.1.2.2 Relationships to other fieldbus entities

4.1.2.21 General

In addition, the FAL u
using a set of data trans

aspects of the D@

Fieldbus user

Fieldbus
application layer

Fieldbus
data link layer

—1| ALME

Figure 2 — Architectural positioning of the fieldbus application layer

4.1.2.2.2 Use of the fieldbus data link layer

The FAL provides network access to fieldbus APs. It interfaces directly to the fieldbus DLL for
transfer of its APDUs.

The DLL provides various types of service to the FAL for transfer of data between data link
endpoints (e.g., DLSAPs and DLCEPs).
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4.1.2.2.3 Support for fieldbus applications

Fieldbus applications appear to the network as application processes (APs). APs are the
components of a distributed system that may be individually identified and addressed.

Each AP contains an FAL AE that provides network access for the AP. That is, each AP
communicates with other APs through its AE. In this sense, the AE provides a window of
visibility into the AP.

APs contain identifiable components that are also visible across the network. These
components are represented to the network as APOs. They may be identified by one or more
key attributes. They are located at the address of the application process that contains them.

ation service
function

The services used to access the APOs are provided by APO-speci
elements (ASEs) contained in the FAL. These ASEs are designed
block, and management applications.

4.1.2.2.4 Support for system management

The FAL services can be used to support variou > ations, including

4.1.2.2.5 Access to FAL layer managemen

4.1.3 Fieldbl@
4.1.3.1 Overv

a) the OSI Basi¢ Reference Model defines the association, a single type of application
layer communications channel to connect APs to each other. The FAL defines the
application relationship (AR), of which there are several types, to permit application
processes (APs) to communicate with each other;

b) the FAL uses the DLL and not the OSI presentation layer to transfer its APDUs.
Therefore, there is no explicit presentation context available to the FAL. The FAL
protocol may not be used concurrently with other application layer protocols between
the same pair or set of data link service access points.

4.1.3.2 Fundamental concepts

The operation of time-critical real open systems is modelled in terms of interactions between
time-critical APs. The FAL permits these APs to pass commands and data between them.

Cooperation between APs requires that they share sufficient information to interact and carry
out processing activities in a coordinated manner. Their activities may be restricted to a single
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fieldbus segment, or they may span multiple segments. The FAL has been designed using a
modular architecture to support the messaging requirements of these applications.

Cooperation between APs also sometimes requires that they share a common sense of time.
The FAL or the DLL may provide for the distribution of time to all devices. They may also
define local device services that can be used by APs to access the distributed time.

The remainder of this subclause describes each of the modular components of the
architecture and their relationships with each other. The components of the FAL are modelled
as objects, each of which provides a set of FAL communication services for use by
applications. The FAL objects and their relationships are described below. The detailed
specifications of FAL objects and their services are provided in the following clauses of this
standard. IEC 61158-6-21:2010 specifies the protocols necessary to ¢ ey_these object
services between applications.

4.1.3.3 Fieldbus application processes

4.1.3.3.1 Definition of the fieldbus AP

2 bigwbusly by at least one
individual DLL service access point add . igug ing in this context means

Fieldbus APs commugRicate er using confirmed and unconfirmed services
(ISO/IEC 10731). The [sexvices _def gndard for the FAL specify the semantics of
the services as seen %k ing\andyresponding APs. The syntax of the messages
used to convey [ \d reSponses is defined in IEC 61158-6-21:2010. The
AP behavior associs

there is no~relationship\pétween separate invocations of unconfirmed services as there is
between the request and response of a confirmed service.

4.1.3.3.3 AP interactions
4.1.3.3.3.1 General

In the fieldbus environment, APs may interact with other APs as necessary to achieve their
functional objectives. No constraints are imposed by this standard on the organization of
these interactions or the possible relationships that may exist between them.

For example, in the fieldbus environment, interactions may be based on request/response
messages sent directly between APs, or on data/events sent by one AP for use by others.
These two models of interaction between APs are referred to as client/server and
publisher/subscriber interactions, respectively.

The services supported by an interaction model are conveyed by application relationship
endpoints (AREPs) associated with the communicating APs. The role that the AREP plays in
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the interaction (for example.. client, server, peer, publisher, or subscriber) is defined as an
attribute of the AREP.

4.1.3.3.3.2 Client/server interactions

Client/server interactions are characterized by bidirectional data flow between a client AP and
one or more server APs. Figure 3 illustrates the interaction between a single client and a
single server. In this type of interaction, the client may issue a confirmed or unconfirmed
request to the server to perform some task. If the service is confirmed then the server will
always return a response. If the service is unconfirmed, the server may return a response
using an unconfirmed service defined for this purpose.

Unconfirmed and /\(
confirmed service requests

Client > Server
(requester) [«= (resp r)
Unconfirmed service replies and >

confirmed service responses < \ \

Figure 3 — Client/server i

4.1.3.3.3.3 Publisher/subscriber interac

4.1.3.3.3.3.1 General

the “push” model.

4.1.3.3.3.3.2

w& the published data listen for responses transmitted by the
publishe data are “pulled” from the publisher by requests from the publishing

manager.

Confirmed FAL serviCes are used to support this type of interaction. Two characteristics of
this type of interaction differentiate it from the others. First, a typical confirmed
request/response exchange is performed between the publishing manager and the publisher.
However, the underlying conveyance mechanism provided by the FAL returns the response
not just to the publishing manager, but also to all subscribers wishing to receive the published
information. This is accomplished by having the DLL transmit the response to a group address,
rather than to the individual address of the publishing manager. Therefore, the response sent
by the publisher contains the published data and is multicast to the publishing manager and to
all subscribers.

The second difference occurs in the behavior of the subscribers. Pull model subscribers,
referred to as pull subscribers, are capable of accepting published data in confirmed service
responses without having issued the corresponding request. Figure 4 illustrates these
concepts.
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Confirmed service request

Pull for published information
publishing >
manager |<— Pull
publisher
Confirmed service response
Pull containing published
subscriber < information

Pull
subscriber | <\

4.1.3.3.3.3.3 Push model interactions

one unconfirmed. The
bscribe to the publishing
, following the client/server
model of interaction. This exchange is wnly ¢ subscriber and the publisher

In the “push” model, two services may be used:
confirmed service is used by the subscriber iq

by the publisher to distribute its
is responsible for invoking the correct

Subscribers for@ sk m ceive\ the published unconfirmed services distributed by
publishers. Figurt?\“%t{ ept of the push model.

/\ \ sConfirmed service request to
subscribe to publishing
NN ; >

ubscriber Confirmed service response to indicate Push
capability to publish

publisher

Push
subscriber

Push

subscriber < ‘

<4—
‘ Unconfirmed service request

containing published information

Figure 5 — Push model interactions
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4.1.3.3.3.3.4 Timeliness of published information

To support the perishable nature of published information, the FAL may support four types of
timeliness defined for publisher/subscriber interactions. Each makes it possible for
subscribers of published data to determine if the data they are receiving is current or stale.
These types are realized through mechanisms inside the DLL. Each is described briefly in

Table 1.
Table 1 — Types of timeliness
Type Description

Transparent This type of timeliness allows the user application process to determine the timeliness quality
of the data that it generates and have the timeliness quality accompa information when
it is transferred across the network. In this type, the network provides|no computation or
measurement of timeliness. It merely conveys the timeliness qualj i the data by
the user application process. /\

Residence When the FAL submits data from the publishing AP to the DLL Yor tkansmiss n,\m}eéﬁL starts
a timer. If the timer expires before the data has been tra ittedy the, DLk marks thé buffer as
“not timely” and conveys this timeliness information withthe da

Y

Synchronized This type of timeliness requires the coordination ofdwo pigces ublishied information: the
data to be published and a special “sync mark.” When.the

Update the same two pieces of published information
defined for e, the sync mark also starts a timer in each of
the partici .S syncRropmized timeliness, expiry of the timer always
causesphe timelin i FALSE. Unlike synchronized timeliness, receipt of
new dataqt a i } i ime window started with the receipt of a sync mark)
causes the timelj

4.1.3.3.4 AP<s\t;2 thre s
The internals of AP ke resen{ed by one or more APOs and accessed through one or
more AEs. AEs proviget Qmmunic¢ation capabilities of the AP. For each fieldbus AP, there

is one and o Y APOs are the network representation of application-specific

definition for APs is defined in this clause. User-defined classes may also be specified. Class
identifiers, also described in this clause, are assigned from a set reserved for this purpose.

4.1.3.3.6 AP type

As described above in the previous subclauses, APs are defined by instantiating an AP class.
Each AP definition is composed of the attributes and services selected for the AP from those
defined by its AP class. In addition, an AP definition contains values for one or more of the
attributes selected for it. When two APs share the same definition, that definition is referred to
as an AP type. Thus, an AP type is a generic specification of an AP that may be used to
define one or more APs.
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4.1.3.4 Application process objects (APOs)
4.1.3.41 Definition

An APO is a network representation of a specific aspect of an AP. Each APO represents a
specific set of information and processing capabilities of an AP accessible through services of
the FAL. APOs are used to represent these capabilities to other APs in a fieldbus system.

From the perspective of the FAL, an APO is modelled as a network-accessible object
contained in an AP or in another APO (APOs may contain other APOs). APOs provide the
network definition for objects contained in an AP that are remotely accessible. The definition
of an APO includes an identification of the FAL services that can be used by remote APs for
remote access. The FAL services, as shown in Figure 6, are provided by the FAL
communications entity of the AP, known as the FAL applications entity (FAL AE)

Services for remote x\
access to APO
Y \ N />/</
FAL : \PO
AE ices
User
request and real
response object
data
Vi Requester Responder//
/4 V4

through the APO
network view

4.1.3.4.2 APO classes

An APO class is a generic specification for a set of APOs, each of which is described by the
same set of attributes and accessed using the same set of services.

APO classes provide the mechanism for standardizing network-visible aspects of APs. Each
standard APO class definition specifies a particular set of network-accessible AP attributes
and services. IEC 61158-6-21:2010 specifies the syntax and the procedures used by the FAL
protocol to provide remote access to the attributes and services of an APO class.

Standard APO classes are specified by this standard for the purpose of standardizing remote
access to APs. User-defined classes may also be specified.

User-defined classes are defined as subclasses of standardized APO classes or of other
user-defined classes. They may be defined by identifying new attributes or by indicating that

optional attributes for the parent class are mandatory for the subclass. The conVﬁﬂions for
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defining classes defined in this clause may be used for this purpose. The method for
registering or otherwise making these new class definitions available for public use is outside
the scope of this standard.

4.1.3.4.3 APOs as instances of APO classes

APO classes are defined in this standard using templates. These templates are used not only
to define APO classes, but also to specify the instances of a class.

Each APO defined for an AP is an instance of an APO class. Each APO provides the network
view of a real object contained in an AP. An APO is defined by:

a) selecting the attributes from its APO class template that are to be/accessible from the

real object;

b) assigning values to one or more attributes indicated as plate. Key
attributes are used to identify the APO;

c) assigning values to zero, one, or more non-key atty RO. Non-key

attributes are used to characterize the APO;

statement. Constraint stat
an APO.

41.3.44  APO types

APO types provi

composed of the attriQute 9 >rvices selected for the APO from those defined by its APO

class. In additio ifion contains values for one or more of the attributes selected
for it. Whe e same definition except for the key attribute settings, that
definitior_is referréd. to as\an APO type. Thus, an APO type is a generic specification of an
APO that efine one or more APOs.

4.1.3.5 Application entities

4.1.3.51 Definition of FAL AE

An application entity provides the communication capabilities for a single AP. An FAL AE
provides a set of services and the supporting protocols to enable communications between
APs in a fieldbus environment. The services provided by FAL AEs are grouped into ASEs
such that the FAL services provided to an AP are defined by the ASEs that its FAL AE
contains. Figure 7 illustrates this concept.
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Service primitives

A

—FAL AE

- [_N
FAL ASE ‘

Service conveyance to remote AEs

Figure 7 — Application entity struc

4.1.3.5.2 AE type

Application entities that provide the same set of ASEg are of\the

share a common set of ASEs are capable of commuhic

AE-type. Two AEs that

4.1.3.6 Fieldbus ASEs
4.1.3.6.1 General

An ASE, as defined in ISO/IEC 9545 | g on functions that provide a capability
for the interworking of appflicati iny i a specific purpose. ASEs provide a
set of services for conveWi - S to and from application processes and

within the AE.

4.1.3.6.2 FA@F

The FALB defin ' irmed and unconfirmed services. Confirmed service requests are

‘ Wi e real object. An invocation of a confirmed service request may be
identified by a user-supplied invoke ID. This invoke ID is returned in the response by the AP
containing the reaPebject. When present, it is used by the requesting AP and its FAL AE to
associate the response with the appropriate request.

Unconfirmed services may be sent from the AP containing the real object to send information
about the object. They also may be sent to the AP containing the real object to access the
real object. Both types of unconfirmed services may be defined for the FAL.

4.1.3.6.3 Definition of FAL ASEs
4.1.3.6.3.1 General
4.1.3.6.3.2 Object-management ASE

A special object-management ASE may be specified for the FAL to provide services for the
management of objects. Its services are used to access object attributes, and create and
delete object instances. These services are used to manage network-visible AP objects

accessed though the FAL. The specific operational services that apply to each objeﬁtéyée are
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specified in the definition of the ASE for the object type. Figure 8 illustrates the integration of
management and operational services for an object within an AP.

Application process
MGT ¢ : l Target
ASE mgt service object attributes
describe
FAL AE
'XECE) 4—ops services———)

4.1.3.6.3.3 AP ASE
An AP ASE may be specified for the” identifi of FAL APs. The attributes

defined by the AP ASE give details\about and list its contents and
capabilities.

4.1.3.6.3.4 APO AS

The FAL specifies a s
APO ASEs defined for

éd for accessing the APOs of an AP. The
communication model.

4.1.3.6.3.5

FAL APO ASEs provide services to convey requests and responses between service users
and real objects.

To convey service requests and responses, there are three types of activities defined for the
sending user, and three corresponding types defined for the receiving user. At the sending
user, FAL APO ASEs accept service requests and responses to be conveyed. They also
select the type of FAL APDU that will be used to convey the request or response, and encode
the service parameters in the body portion. Then, they submit the encoded APDU body to the
AR ASE for conveyance.

At the receiving user, FAL APO ASEs receive encoded APDU bodies from the AR ASE. They
decode the APDU bodies and extract the service parameters conveyed by them. Then, they
deliver the service request or response to the user. Figure 9 illustrates these concepts.
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Service parameters
FAL APDU Body \
— FAL AE FAL AE
FAL l FAL

service ¢ || APO | «p| AR ||«FA || AR APO || ¢—p Real
user ASE ASE APDUs ASE ASE object

<+—>
| L2
N Service primitives /
(™

4.1.3.6.5 FAL presentation context

models.

4.1.3.7 Application relationships

4.1.3.71 Definition of AR

4.1.3.7.

Q

to represent AR endpoints that convey APDUs in the same way. Through the standardization
of endpoint classes, ARs for different models of interaction can be defined.

4.1.3.7.4 AR cardinality

ARs characterize communications between APs. One of the characteristics of an AR is the
number of AR endpoints in the AR. ARs that convey services between two APs have a
cardinality of 1:1. Those that convey services from one AP to a number of APs have a
cardinality of 1:many. Those that convey services to or from multiple APs have a cardinality of
many:many.

4.1.3.7.5 Accessing objects through ARs

ARs provide access to APs and the objects within them via the services of one or more ASEs.
Therefore, one characteristic is the set of ASE services that may be conveyed to and from
these objects by the AR. The list of services that can be conveyed by the AR is selected from

those defined for the AE. Documents
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4.1.3.7.6 AR conveyance paths

ARs are modeled as one or two conveyance paths between AR endpoints. Each path conveys
APDUs in one direction between one or more AR endpoints. Each receiving AR endpoint for a
conveyance path receives all APDUs transmitted on the AR by the sending AR endpoint.

4.1.3.7.7 AREP roles

As APs interact with each other through endpoints, a basic determinant of their compatibility
is the role that they play in the AR. The role defines how an AREP interacts with other AREPs
in the AR.

sbscriber. When
aserver, it is

For example, an AREP may operate as a client, a server, a publisher, or/a
an AREP interacts with another AREP on a single AR as both a cliexf
defined to have the role of “peer.”

of responding to service requests. This part of the defl iti dentifies the
requirement for an AR to be capable of conveying requests i i C
direction.

4.1.3.7.8 AREP buffers and queues

ingeénd. The receiving endpoint places a received APDU
. When a subsequent APDU is received, it overwrites

4.1.3.7.9 iggefed and scheduled conveyance

Another characteristic of an AREP is the time frame in which it conveys service requests and
responses. User-triggered AREPs convey requests and responses immediately upon
submission by the user. This is asynchronous with respect to network operation.

A scheduled AREP conveys requests and responses at predefined intervals, regardless of
when they are received for transfer. A scheduled AREP may be capable of indicating when
transferred data was submitted late for transmission, or when it was submitted on time but
transmitted late.

4.1.3.7.10 AREP timeliness

AREPs convey APDUs between applications using the services of the DLL. When the
timeliness capabilities are defined for an AREP and supported by the DLL, the AREP forwards
the timeliness indicators provided by the DLL. These indicators make it possible for
subscribers of published data to determine if the data they are receiving is current or stale.
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To support these types of timeliness, the publishing AREP establishes a publisher data link
connection reflecting the type of timeliness configured for it by management. After
establishing the connection, the AREP receives user data and submits it to the DLL for
transmission where the timeliness procedures are performed. When the DLL transmits the
data, it includes the current timeliness status with the data.

At the subscriber AREP, a data line connection is opened to receive published data that
reflects the type of timeliness configured for it by management. The DLL computes the
timeliness of received data and then delivers it to the AREP. The data are then delivered to
the user AP through the appropriate ASE.

4.1.3.7.11 Definition and creation of AREPs

AREPs may be pre-defined and pre-established, or they may rexdefined angd established
dynamically. Figure 10 depicts these two cases. AREPs alsp m h dynamic
definition and establishment or they may be defined dyna IWi at they may

Figure 10 — Defined and established AREPs

4.1.3.7.12 AR'establishment and termination
ARs may be established either before the operational phase of the AP or during its operation.

When established during the operation of an AP, the AR is established through the exchange
of AR APDUs.

Once an AR has been established, an AR may be terminated gracefully or it may be aborted,
depending on the capabilities of the AR.

4.1.4 Fieldbus application layer naming and addressing
4.1.4.1 General

This clause refines the principles defined in ISO 7498-3 that involve the identification (naming)
and location (addressing) of APOs referenced through the FAL.
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This clause also defines how names and numeric identifiers are used to identify APOs
accessible through the FAL. In addition, this clause indicates how addresses from underlying
layers are used to locate APs in the fieldbus environment.

4.1.4.2 Identifying objects accessed through the FAL
4.1.4.2.1 General

APOs accessed though the FAL are identified independent of their location. That is, if the
location of the AP containing the APO changes, the APO may still be referenced using the
same set of identifiers.

slass definitions

Identifiers for APs and APOs in the FAL are defined as key attributes in #
e : hames and

for APOs. Two types of key attribute are commonly used in these APO dg
numeric identifiers.

4.1.4.2.2 Names

in the system where they are used. Therefore, although tht
to the AP in which it resides, the assignment of the s1a
which it is configured.

Names may be descriptive, althoug
possible to provide meaningful inform&ti

41.4.2.3

Numeric identifi
use in the fieldbu

This clause prese a summary of the FAL architecture. Figure 11 illustrates the major
components and how they relate to each other.
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-

from
Input conveyance path
remote put convey P

AREP(s) > \
AR < AREP )

to
remote -

kAREP(S) Output conveyance path

in remote APs.

4.1.6 FAL service procedures

4.1.6.1 FAL confirmed

FAL ASE builds
specified AR.

user.

If the responding usér is unable to process the request successfully, the service fails and the
user issues a confirmed-service response (-) primitive indicating the reason.

The responding ASE builds a confirmed-service-response APDU body for a confirmed-service
response (+) primitive or a confirmed-service-error APDU body for a confirmed-service
response (-) primitive and conveys it on the specified AR.

Upon receipt of the returned APDU body, the initiating ASE delivers a confirmed-service
confirmation primitive to its user that specifies success or failure, and the reason for failure if
a failure occurred.

4.1.6.2 FAL unconfirmed service procedures

The requesting user invokes an unconfirmed-service request primitive from its FAL AE. The
appropriate FAL ASE builds the related unconfirmed-service request APDU body and conveys

it on the specified AR.
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Upon receipt of the unconfirmed-request APDU body, the receiving ASE(s) participating in the
AR delivers the appropriate unconfirmed-service indication primitive to its user. Timeliness
parameters are included in the indication primitive if the AR that conveyed the APDU body
supports timeliness.

4.1.7 Common FAL attributes

In the specifications of the FAL classes that follow, many classes use the following common
attributes. Therefore, these attributes are defined once here instead of with the other
attributes for each individual class, except for the data type class.

ATTRIBUTES:

1 (o) Key attribute:  Numeric identifier
2 (o) Key attribute: Name

3 (o) Attribute: User description
4 (o) Attribute: Object revision

Numeric identifier

reference by the FAL protocol to identify the object.
identification purposes: numeric identifier, name, or both
data type model.

Name
optional key attribute specifies the r

optional attribute contains user-defined iptiven ation about the object.

Object revision
optional attribute spegifi the object. It is a structured attribute
composed of major a d QS i ) 7 If object revision is supported, it contains

both a major revisiqgn vith a value in the range 0 to 15 for each. The
major and minor i

a) the major g€ d co tains the major revision value for the object. A
change to the majo ionindicates that interoperability is affected by the
changé

b) théwingr reyi eld ctntains the minor revision value for the object. A
ch ) R vision indicates that interoperability was not affected by

mteroper i jth the object if its minor revision is changed, provided that the
major revisionfemains the same.

4.1.8 Common FAL service parameters

In the specifications of the FAL services that follow, many services use the following
parameters. Therefore, they are defined once here instead of with the other parameters for
each of the services.

AREP

parameter contains sufficient information to identify the AREP locally so it can be used to
convey the service. This parameter may use a key attribute of the AREP to identify the
application relationship. When an AREP supports multiple contexts (established using the
initiate service) at the same time, the AREP parameter is extended to identify the context as
well as the AREP
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Invoke ID

parameter identifies this invocation of the service. It is used to associate service requests with
responses. Therefore, no two outstanding service invocations may be identified by the same
invoke ID value

FAL ASE/FAL class
parameter specifies the FAL ASE (e.g., AP, AR, variable, data type, event, function-invocation,
load-region) and the FAL class of the ASE (for example. AREP, variable-list, notifier, action)

Numeric ID
parameter is the numeric identifier of the object

Error info
parameter provides error information for service errors. It is returned i
response (-) primitives. It is composed of the following elements:

ifirmed service

a) Error class. This parameter indicates the general class of error. V

b) Error code. This parameter identifies the specific servicerrox;

d) Additional detail. This optional pdra

41.9 APDU size

The APDU size is dependé

4.2 Type specific co

The industrial aun
sensors, actuatorsy’loCa

single loop controllers

syStem consists of primary automation devices (e.g.,
annunciators, programmable logic controllers, small

cyclic anda \ 1
parallel with P/IP\or UDP communication. The use of other standard communication
protocols is beyontk{jis standard.
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Figure 13 — Publisher-subscriber communication model

Type 21 supports the client-server communication model for event-triggered data transfer.
Figure 14 illustrates this model. The client requests data as dictated by internal or external
events. The server replies with the data. This can be used for event-triggered or user-
triggered application processes.
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4.21 Node, AP, and object dictionary

the object dictionary

Figure 15 — Object model
The overall structure of the OD is as described in Table 2.

Table 2 — Overall structure of the OD

Area Contents
Data type area Definition of data types
Communication profile area Contains communication-specific parameters for the Type 21
network. These entries are common to all devices.
Manufacturer-specific area Definition of manufacturer-specific variables
Device profile area Definition of the variables defined in a device profile (outside
the scope of this document)
Reserved area Reserved for future use ~
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4.2.2 APO ASEs

The FAL ASEs of a Type 21 application and their interrelationships are described in Figure 16.

FAL AP

ASE requests and responses

|..APO ASEs

X
A A A A\\\\

Conveyance of APDUs by t AS 6

: A S%T 21 application

5 Data type AfE

5.1 General

511 Overview

conveyed’b vices. THe FAL supports the definition and transfer of both basic and
he encoding rules for the data types specified in this clause are

Basic types are atomic types that cannot be decomposed. Constructed types are types
composed of basic types and other constructed types. This standard does not constrain their
complexity or depth of nesting.

Data types are defined as instances of the data type class, as shown in Figure 17. Only a
subset of the data types defined in this clause are shown in this figure. Defining new types is
accomplished by providing a numeric ID and supplying values for the attributes defined for the
data type class.

The data type definitions shown in Figure 17 are represented as a class/format/instance
structure beginning with the “Data type” data type class.

The basic data classes are used to define fixed-length and bit string data types. Standard
types taken from ISO/IEC 8824 are referred to as simple data types. Other standard basic
data types are defined specifically for fieldbus applications, and are referred to as specific

types. Documents
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The constructed types specified in this standard are strings, arrays, and structures. There are
no standard types defined for arrays or structures.

Data type

Fixed length

—| Boolean

J

VisibleString
—| Integer8 - OctetString

—| Unsigned8 | BitString

| Float32

—[Time/Date types I

LR

Compact
Boolean Array

| | Compact BCD
—| BitString8 | Array
UNICODE
—| VisibleString1 H
Stipg~

[ OctetString1 I

—| BCD

QO
O\ )
N

a type class hierarchy example

—{ UNICODE Char

—| BinaryTimeO '

i

Simple types are ISOYEC 8824 universal types. They are defined in this standard to provide
them with fieldbus class identifiers.

Specific types are basic types defined specifically for use in the fieldbus environment. They
are defined as simple class subtypes.

Basic types have a constant length. Two variations are defined, one for defining data types
whose length is an integral number of octets, and one for defining data types whose length is
an arbitrary number of bits.

NOTE Boolean, Integer, OctetString, VisibleString, and UniversalTime are defined in this standard for the purpose
of assigning fieldbus class identifiers to them. This standard does not change their definitions as specified in
ISO/IEC 8824.

5.1.3 Fixed-length type overview

The length of fixed-length types is an integral number of octets.
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5.1.4 Constructed type overview
5.1.41 Strings

A string is composed of an ordered set, variable in number, of homogeneously typed fixed-
length elements.

5.1.4.2 Arrays

An array is composed of an ordered set of homogeneously typed elements. This standard
places no restriction on the data type of array elements, but it does require that each element
be of the same type. Once defined, the number of elements in an array may not be changed.

5.1.4.3 Structures

structure do not have to be of the same type.

5.1.4.4 Nesting level

When an array or structure contains cgns ~ access to a single element in its
entirety is always provided. Access (to sub-eleme Qf the constructed element is also
provided, but only when explicitly negotiated i establishment or when explicitly

a \ ‘employee” is defined to contain the structure “employee
name,” and “employee nare” S inXlast name” and “first name.” To access the “employee”
structure, the FAL pé iny

Without explicitly neyg a

name” would not be pos Bs coWd oply be accessed together as a unit through access to “employee”
or “employee name.”

5.1.5 ed data types

Users ma 6 define custom data types for their own applications. User-
defined d by this standard as instances of data type classes.

User-defined type specified in the same manner that all FAL objects are specified. They

are defined by providing values for the attributes specified for their class.

5.1.6 Transfer of user data

User data are transferred between applications by the FAL protocol. All encoding and
decoding is performed by the FAL-user.

The rules for encoding user data in FAL protocol data units depend on the data type. These
are defined in IEC 61158-6-21:2010. User-defined data types for which there are no encoding
rules are transferred as variable-length sequences of octets. The format of the data within the
octet string is defined by the user.
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5.2 Formal definition of data type objects
5.2.1 Data type class
5.21.1 Template

The data type class specifies the root of the data type class tree. Its parent class “TOP”
indicates the top of the FAL class tree.

FAL ASE: DATA TYPE ASE

CLASS: DATA TYPE

CLASS ID: 5 (FIXED-LENGTH & STRING), 6 (STRUCTURE), 12 (ARRAY)
PARENT CLASS: TOP

ATTRIBUTES:

1 (o) Key attribute: Data type numeric identifier

2 (o) Key attribute: Data type name

3 (m) Attribute: Format (FIXED-LENGTH, STRING, STRUOCTU
4 (c) Constraint: Format = FIXED-LENGTH | STRING

4.1 (m) Attribute: Octet length

5 (c) Constraint: Format = STRUCTURE

5.1 (m) Attribute: Number of fields

5.2 (m) Attribute: List of fields

5.2.1 (o) Attribute: Field name

5.2.2 (m) Attribute: Field data

6 (c) Constraint: Format = ARRAY

6.1 (m) Attribute:

6.2 (m) Attribute :

5.2.1.2 Attributes
Data type numeric ide

optional attribute@n
Data type name

attribute iderifie as a fixed-length, string, array, or data structure

the related data type

conditionaMattribute\ definés the representation of the dimensions of the associated type
object. It is pre en the value of the format attribute is “FIXED-LENGTH” or “STRING.”
For FIXED-LENGTH_data types, it represents the length in octets. For STRING data types, it

represents the length in octets for a single element of a string

Number of fields
conditional attribute defines the number of fields in a structure. It is present when the value of
the format attribute is “STRUCTURE.”

List of fields

conditional attribute is an ordered list of fields contained in the structure. Each field is
specified by its number and its type. Fields are numbered sequentially from 0 (zero) in the
order in which they occur. Partial access to fields within a structure is supported by identifying
the field by number. This attribute is present when the value of the format attribute is
“STRUCTURE.”

Field name
conditional, optional attribute specifies the name of the field. It may be present when the
value of the format attribute is “STRUCTURE.”
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Field data type

conditional attribute specifies the data type of the field. It is present when the value of the
format attribute is “STRUCTURE.” This attribute may itself specify a constructed data type
either by referencing a constructed data type definition by its numeric ID, or by embedding a
constructed data type definition here. When embedding a description, the embedded-data
type description shown below is used

Number of array elements

conditional attribute defines the number of elements for the array type. Array elements are
indexed from “0” through “n-1” for an array of “n” elements. This attribute is present when the
value of the format attribute is “ARRAY.”

Array element data type
conditional attribute specifies the data type for the elements of an array/ All elements of the

below is used

Embedded-data type description

1 (m) Attribute: Format(FIXED-t
2 c) Constraint: Format =
2.1 m Attribute:
2.2 m Attribute:
3

3.1
3.2
3.21

4.1
4.2

array elements
gdded data type description

5.3
5.3.1

5.3.11 Boolean types

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 1

2 Data type name = Boolean

3 Format = FIXED-LENGTH

3.1 Octet length 1
This data type expresses a Boolean data type with the values TRUE and FALSE.
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5.3.1.2 Date/time types
5.3.1.21 TimeOfDay

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 12

2 Data type name = TimeOfDay

3 Format = FIXED-LENGTH

3.1 Octet length 6

This data type is composed of two elements of unsigned values and expresses the time of day
and the date. The first element is an Unsigned32 data type that gives the time after midnight
in milliseconds. The second element is an Unsigned16 data type that g he date as a
count of the days from 1984-01-01.

5.3.1.2.2 TimeDifference

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 13
2 Data type name =

3 Format =
3.1 Octet length

This data type is composed of two el Hat express a length of time.
The first element is an Unsigned32 data 8 the fractional portion of one day in
milliseconds. The second element is a data type that provides the number of
days.

5.3.1.3 Numeric types
5.3.1.3.1 Real32

CLASS: Q
ATTRIBUTES:

Real32
FIXED-LENGTH
4

5.3.1.3.2 Real64

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 17

2 Data type name = Real64

3 Format = FIXED-LENGTH

3.1 Octet length 8

This type has a length of eight octets. The format for Real64 is that defined by IEC 60559 as
double precision.
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5.3.1.3.3 Integer types

5.3.1.3.3.1 Integer8

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 2

2 Data type name = Integer8

3 Format = FIXED-LENGTH

4.1 Octet length 1
This integer type is a two’s complement binary number with a length of one octet.

5.3.1.3.3.2 Integer16

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 3

2 Data type name = Integer16

3 Format = FIXED-LENGTHK
3.1 Octet length = 2

This integer type is a two’s complement binary numb ¥o octets.

5.3.1.3.3.3 Integer32

CLASS:
ATTRIBUTES:
1 Data type numeric identifier
2 Data type name
3 Format

3.1 Octet length

This integer type@t :

5.3.1.3.3.4 Inte

CLASS: Data type

ATTRIBUTES

1 = 21

2 = Integer64

3 = FIXED-LENGTH
3.1 Octet leng = 8

This integer type is a two’s complement binary number with a length of eight octets.

5.3.1.3.4 Unsigned types

5.3.1.3.41 Unsigned8

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 5

2 Data type name = Unsigned8

3 Format = FIXED-LENGTH
3.1 Octet length = 1

This type is a binary number. The most significant bit of the most significant is always the
most significant bit of the binary number; no sign bit is included. This unsigned type has a
length of one octet.
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5.3.1.3.4.2 Unsigned16

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 6

2 Data type name = Unsigned16

3 Format = FIXED-LENGTH
3.1 Octet length = 2

This type is a binary number. The most significant bit of the most significant byte is always the
most significant bit of the binary number; no sign bit is included. This unsigned type has a
length of two octets.

5.3.1.3.4.3 Unsigned32

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 7

2 Data type name = Unsigned32

3 Format = FIXED-LENGTH
3.1 Octet length = 4

icant octet is always

This type is a binary number. The most significant p .
i d. This unsigned type has a

the most significant bit of the binary number; no
length of four octets.

ae

5.3.1.3.4.4 Unsigned64
CLASS:

ATTRIBUTES:

1 Data type numeric ide

2 Data type name

3 Format

3.1 Octet len

This type is a binary
the most significa

ignificant bit of the most significant octet is always
pwmber; no sign bit is included. This unsigned type has a

5.3.2

5.3.21

CLASS: Data type
ATTRIBUTES:

1 Data type numeric identifier = 10

2 Data type name = OctetString
3 Format = STRING
3.1 Octet length = 1ton

An OctetString is an ordered sequence of octets, numbered from 1 to n. For the purposes of
discussion, octet one of the sequence is referred to as the first octet. The order of
transmission is defined in IEC 61158-6-21:2010.

Documents

Document Sharing Hub

Full document details: IEC 61158-5-212010


http://avadocuments2026.com/doc/iec-61158-5-21-2010
http://avadocuments2026.com/doc/iec-61158-5-21-2010

